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SECTION I 

CENERAI. INMOd.?UUTIOPá 

MAIER 1,44.3 AND LEETHO77S. 



General Introduction 

BORIM OrY Syrionyms: Bair ad Hoof 

Mouth and Foot 

Carbuncle of the eoronary Band,. 

Outburst. 

The term "Border Ore" refers to an ulcerative dexmatitis 

of the sheep principally affecting the legs in the region of th 

coronet or fetlock. Lesions are seen affecting other non-. 

woolled paAL-.4 of the body such as the lips, the skin round the 

eyes and ears, the genital organs and the !ïiamatezy gland, these 

sites however being affected much less commonly than the legs'. 

This disease annually affects a considerable nuniber of . 

lambs in many of the Border flocks, and on account of the loss 

of bodily condition sustained by t.-2.ese laebe it is therefore 

of definite economic importance to flockmasters. 

The geographical distribution of Border orf, as its name 

suggests, is confined mainly to the Border districts of 

southern Scotland and Northern England, which are of course one 

of the most imeortant sheep-rearing &Leas of Britain. lypical 

orf does occur in other parts of Scotland, but only rarely if 
at ail in the remainder of England, where a similar disease is 
seen with lesione closely resembling orf but having a different 
bodily distribution. This disease was named contagious 

pustular dermatitis (an) of sheep by Berry (1901), Hoare 

(1913) and Glover (1923), and the lesions are usually 

localised to the head, the principal sites being the nostrils 
and/ 
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and the external aspect of the lips, the commissures being 

particularly comAonly affected. According to Glover it is 

only occasionally, when a serious outbreak of CPI) arises, that 

the lesions spread to involve other parts of the body such as 

the coronet. 

It is necessary to emphasise these differences of 

distribution of lesions in the two conditions, because although 

the olose relationship between orf and al) (which occurs in 

many other parts of the world) has long been recognised, the 

only recorded comparative experimental work is that of Glover 

(1932-33), and it is felt that insufficient stress has been 

laid on the clinical difference which exists, i.e. that orf is 

prinarily a condition affecting the leg and ORD the lips and 

nostdIs of the sheep. 

1-ecorded. work on the subject of Sheep dermatitis indicates 

that orf does not share the worldwide distribution of 0.21) - the 

very names given to the corresponding disease in other countrie 

themselves emphasise the predominance of mouth and face lesions 

for example "Oa stomatite pustuleuse contagieuse des ovins" 

(France, Aynaud. 1923), "L'ecthyma contagieux des lAvres" 

(France, Moussu 1923), "Infectious Labial Lernatitis" "Scabby 

Mouth" (Australia, Seddon and Belschner 1929), "Sore Mouth" 

(t.ni:fed States, Newsom and Cross 1934). The prevalence of 11.1) 

lesions is mentioned by zany authors, amongst these being 

Newsom and cross (1934) who stated "Leg ulceration, however, is 

a very rare lesion in our experience". Boughton and hardy 

(1934.) 'rte "In natural outbreaks, the lesions of contagious 

ecthymai 
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ecthyma (sore mouth) are confined to the lips and the udder. . 

we have never observed the coronary ulcers, although many of th 

sheepmen in this region (Texas U.6.A.) state that such lesions 

are often present on badly affected aniaals." Seddon and 

Belschner (i 929) reported 'the commonest situation of the 

lesions is the skin of the muzzle . lesions have been seen 

not uncorrinonly on the skin at and just above the coronary band, 

but this part does not seem to be affected so commonly in 

Australia." . With regard to the nomenclature of the diwase 

they stated "from the fact that the disease is especially a 

disease of the lips we prefer the term infectious labial 

dermatitis." On the other hand Greig (9943) describing orf 

wrote "The legs are also frequently affected, in which case the 

primary lesions are often situated in tie hoof cleft, around 

the coronet, and in the region of the fetlock.* Glover 

(9 932 -33) also'deScribing orf said The parts most commonly 

affected are the coronet and fetlock regions, but lesions may 

sometimes occur on the mouth and lips." 

These reports may serve to illustrate the fact that the 

incidence of leg lesions in D is low, and that lesions occur 
on this. site only in severe outbreaks of the disease. it is 

important therefore, in view of this fact that the exact 

relationship between orf anAl "GPD should be .clarified by 

further exoerimental work, and to attempt to decide from the 

results whether the two conditions are identical in all 

essential respects or whether pathological or lanunological 

differences/ 



differences exist. It was_for these reasons that the present_ 

investigation was undertaken. In addition it was desired to 

compare these two conditions with a more recently described 

dermatitis of the sheep known as 'strawberry foot rot', to 

which reference will be made later in this Introduction. 

Diseases reseMbling orf and UPD have been recognised for 

very many years. Youatt (i837), for instance, gave an account 

of a disease of sheep known as eblackl-muzzie' which he said 

occurred in some parts of this country and commonly on the 

continent. He described the lesions as "a pimpled or scabbed 

eruption about the nose of the sheep, sometimes extending up 

to the skin round the eyes and of the ears. , it oftener attack 

the lamb than the fuligrown sheep; and sucking lambs more 

frequently than those that are weaned. it is attributed to 

various causes, as feeding among tee stables, or on stony 

exuna, or to the teats of the mother being ehapeed or filthy." 

Walley (1888) described a condition which appeared to be 

particularly widespread in Eastern .;cotiand and also in parts 

of Bngland in that year, which was known as Malignant Aphtha, 

but for which the author preferred the term Pustular Fever or 

Contagious Ecthyma. This condition he said first affected 

the udder and teats of recently-lambed eves, causing a pustular 

lesion which ruptured, the resulting ulcer becoming covered 

y a scab. Once the pustules ruptured, infection was trans-- 

litted to the lips and nostrils of the sucking larib., 

Gangrenous inflammation of the udder (udder-elae) was a not 

uncommon Bevel to the udder lesions. Walley had no doubt 

that/ 
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that this condition was infective and contagious. 

Walley (1890) stated °the term 'Oil", as applied to a 

disease affecting the foot and the leg of the Sheep, is 

unfamiliar to all except those who live in the localities in 

which it is employed, and particularly so to English veterinary 

surgeons." His attention was drawn to the disease by a 

Professor Robertson under the name 'Carbuncle of the coronary 

Band', and who recognised it as comnonly occurring in Sheep in 

Rolburghahire and the neighbouring counties. One of the 

earliest experimental demonstrations of the infectious and 

contagious .nature of the disease was made by 'Walley, who 

applied the discharge from a lesion to the unbroken interdigital 

skin of a healthy sheep, characteristic lesions appearing four 

days later. He also gave a very brief description of the 

histology of a natural lesion in the metacarpal region. 

Maadyean (1901) described both orf and malignant aphtha. 

In orf lesions were seen on the face and the legs in lambs up 

to one year old., Malignant a)htha affected ewes and young 

lambs. The lesions on the latter consisted of sores on the 

nose or lips covered by brownish scabs. Lambs more than a few 

weeks old were rarely affected. In the ewes the lesions were 

on the teats and udder. 

Berry (1901) also mentions orf in a paper entitled nUontagiOus 

Pustular Lermatitis° describing the forms of the disease seen 

in England, ncotland and Wales. 

Williams 09(4) described orf under the synonym 'Carbuncle 

of the Coronet' and stated that it was a disease particularly 

ffecting/ 
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affecting young sheep, only occasionally affecting older 

animals, and occurring most com eonly in spring and autumn. 

Swellings occurred on the coronet and interdigätal space which 

ruptured, leaving ulcers which rapidly filled with granulation 

tissue, the latter bleeding very easily. Sic-nil/4w lesions 

appeared on the face and head. 

Glover (1 932 -33) compared the exoer itnental lesions and the 

immunity produced by strains of orf from two , outbreaks with 

those produced by a standard strain of CPD virus., The resulte 

of this comparison and of cross- ii..unity tests led him to 

conclude that the two conditions were robably identical. 

These, as far as can be ascertained, are the only 

references to orf in the literature, apart from textbook des- 

criptions of the disease. All other experimental work in 

Great Britain and other countries has been carried out on 

strains of C D virus, to which attention raust now be turned. 

For many years the earlier investigators believed the 

cause of GO) to be the necrosis bacillus (Fusif'ormis necroohorus 

on account of the regularity with which it could be recovered 

from the lesions, as was for ea ì, iple stated by Eoare (1913) 

who wrote "In every form of the ma3Ady the esseztil cause is 

now believed to be the bacillus of necrosis:' 

It was not until 1923 that the conception of a filtrable 

virus, allied to the vaccinin vario1a group, as the primary 

causal agent was first formulated. by i juaud, who was able to 

produce definite proof of the existence of a virus in the 

contents/ 
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contents of the pustules. (The close reseMblance of the 

lesions to those of variola had been noted many years before by 

7alley in 1881) Aynaud was able to transmit the condition 

nly to sheep, vats and calves, and stated that the disease 

ore many similarities to vaceinia, the main differentiation 

einn that rabbits and guineapigs proved quite refractory to 

transmission exoeriments even when young animals were used. The 

uman species also nas refractory, or at most only slightly 

susceptible. This worker. studied the histopathology of the 

condition and described the degeneration of the Malphigian 

layer as being a tballonlsante degeneration such as was seen in 

'iola and vaccinia. He also studied the experimental disease 

in the sheep and described the stages of papules vesicle and 

pustule fornation, and then the appearance of the crusts in 

which the great resistance of the virus to desiccation was 

noted, it remaining virulent for at least 12 months under 

conditions of darkness and humidity. Aynaudnlemonstrated that 

the virus passed the Berkefeld V and the i.)hamberland Li and £4 

bis candles. he noticed that natural infections produced a 

solid immunity which developed in about 20 days from initial 

infection, and was able to demonstrate this lammity exper1:- 

mentally* he also found that the immunity developed by the 

cutaneous inoculation of virus did not spread to the cornea, 

which he said had a special local immunity as in vaceinia. 

(Glover at a later date - 1928 - was unable to confirm this 

statement.) Aynaud reported completely negative results with 

the complement fixation test even when using sera from sheep 

which/ 
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which had received considerable doses of virus intravenously. 

The antigen employed was a centrifuged emulsion of crusts. He 

also obtained negative results with serum-avirus mixtures, the 

vi:u.s still remaining active. he could thus produce no 

evidence serologieaily of the existence of a humoral immunity. 

he was able to demonstrate, using calves, that no cross- 

immunity existed between stoznatitis virus and vacciniae 

Aynaud performed a large number of vaccinations both in 

uninfected flocks and in flocks where infection was already 

present, finding in the latter -case that it reduced the 

duration of the outbreak. to 3 weeks, i.e. the time required to 

develop immunity, as opposed to the 5 - 6 weeks course of an 

untreated outbreak. His vaccine was a 1);:; suspension of 

powdered crusts in O. glyeerin-saline. 

The role of Fusiformis necrophorus and other bacteria 

such as the streptococei and staphylococci commonly found in ti 

lesions of this disease was thus reduced to that of secondary 

invaders, whose Importance in the production of the typical 

lesion has recently been investigated by Watt (1952). 

Glover (1923) gave a concise account of the previous 

literature together with experiments of his oun demonstrating 

the presence of the virus in similar conditions in the sheep ia 

this country, the specificity of the virus for the sheep and ti 

goat, the histology of the disease, the resistance of the virus 

to desiccation and to various chemical agents, and filtration 

experiments in which the virus was shown to pass the Berkefeld 

vj 
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V candle, but was retained by the -ijerkefeld N and Ohamberland 

L20 lie also showed that experimentally iafected animals 

possessed a high degree of immunity sufficient to protect 

against reinfection for at least eight months, and that this 

solid iumnity developed in approximately 15 days after 

infection - somewhat earlier than Aynaud had found in his 

experiments. Glover was unable to transmit the disease to 

rabbits or other laboratory animals, and was unable to produee 

lesions on the cornea of the sheea with his strain UF of 

dermatitis virus. 

In the following year Seddon and Belschner (1929) 

published the results of a comprehensive investigation of the 

disease in Australia, where its cause had previously been 

described as a staphylococcus and also as Fusiformis necrophorus. 

Although these workers were unable to isolate a virus by 

transmission experiments, they were convinced that the disease 

had a virus origin. They were able to demonstrate immunity 

in artificially infected animals against other Australian 

strains of the causal agent, and noted too the resistance of th 

suspected. virus to desiccation. These authors discussed the 

terminology of the disease, and suggested the name 'Infectious 

Labial Lermatitis' as being the most appropriate. howarth 

(1929) in U.S.A. described a pustular dermatitis affecting the 

lips of sucking laabs and the udders of lactatiny eves and was 

able to demonstrate that this was due to a filtrable virus. 'fie 

considered that this was identical with the similar condition 

described/ 
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deseribed by Glover (1928). 

Glover (1929-30) stated that the condition known as 

malignant aphtha, where the ewes show vesicopustular lesions 

on their udders, was due to dermatitis virus. Experimental 

work suggested that the virus by itself was the cause of the 

mastitis which sometims accompanies the lesions. The virus, 

when introduced into the udder of lactating ewes did, in fact, 

prove capable of nrovokinq a subacute form of mastitis. 

The same worker (1932-33) using strains of virus originat: 

from Britain, America, France and Tanganyika, found that all 

conformed immunologically to a single type he was also able 

to (kmonstrate that definite fixation of comolement could be 

shown, in the presence of suitable antigen, using hyperimmune 

serum from laMbs. The sera of recovered animals contained 

complement-fixing antibodies in small amount, but these soon 

disappeared within a few weeks. The antigen used was an 

emulsion of dried scabs in normal saline macerated in the 

incúbator at 37°C for 7 days. This never proved anticomplementnry 

in the amounts used Virus-antivirus mixtures were also tested, 

hyperimmune serum being found to inactivate a 1:100 dilution of 

the virus. It is in this paper that the author reports that 

the crusts from two outbreaks of orf from NorthuIlberiand were 

applied to experimental lambs and gave typical vesico-pustuIar 

eruptions. These laMbs were later found Immune both to the 

homologous strain, and to a standard strain of dermatitis virus, 

and, it was stated that the mutual identity of the two conditions 

appeared/ 
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appeared to have been established. 

Seddon and McGrath (1933) obtained an Engliah strain of 

oil; virus from Glover. This vas compared with their awn 

Australian strain, and it was f,:und that each gave a solid 

lanunity in experimentally infected sheep both against itself 

and against the other strain. This iamunity was also found to 

develop lyre spe et lye of the site of initial ìnocÜton . 

Glover (1934-35) reported promising results from 

vaccination of lambs with living virus as a means of 

prophylaxis. Attempts at production of 'iv/amity using dead 

vaccines killed by various methods were unsuccessful. he also 

mentioned immunisation of the ewes as being helpful in reducing 

the severity of the lesions in the laMbs, althoug,ii there 

appeared to be 1i0 appreciable transmission of maternal antibodi s 

to the lambs. 

Manley el 934.) in jyprus also noted that the viru.s When 

desiccated retained its potency for many months at room " 

temperature. This worker reported that goats :Lamm to 

goetpox were still susceptible to contagious pustular dermatiti 

Identioal reactions were obtained in Oyorus sheep using Jyprus, 

linglish and Australian strains of the virus. 

Newsom and ..;.ross (j 934) confirmed that the disease-, in 

.L.6.A. was also due to a filter-passing virus. Boughton and 

Hardy 09320 described the disease as it occurs in Texas, S.A. 

Lesion were found on the lips of lambs during the hot simmer 

months, and -showed the stages of papule, vesicle, pustule and 

scab/ 
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Scab. They mentioned that infective scabs remained viruaent 

, 

for 15 months at 14 
o 
0, and also that scabs ex:nosed on the 

ground during the hot dry summer mere rendered noninfeetive xi 

30 - 60 days, while similar scabs exposed on the ground during 

autumn and winter retained their virulence when tested the 

following spring. From these facts they concluded that the 

initial cases in an outbreak -were caused by acquiring infection 

from the ground, but that the subsequent rapid spread throughsea 

the laAbs in a flock indicated that this wasprfabobly due to 

direct contact. They were able to transmit infection to sheep 

and goats only, the rabbit, guineapig, calf and dog proving 

resistant. A refloat of the disease in man was given, as one 

of the authors became infected, material from the lesion 

proving infective for a lamb. The results of vaccination 

experiments are of interest: - only 0.34e of 8,000 vaccinated 

lambs became infected, whereas 65.3,eL of 10,000 unvaccinated 

controls on the sanie farms contracted the disease. Ho 

transmission of maternal antibodies from innune ewes to the 

newborn lamb could be demonstrated. .The diffeeeeees of opinio 

of various workers regarding the duration of immunity after 

experimental and natural infection were quoted, varying from 8 

months (experimental) to 2- years (natural). 

ealyi (1939) in Hungary described the histopathology of 

the experimental lesion of OPi) in the sheep, and reported the 

finding of intracellular inclusion bodies in the cytoplasm of 

the degenerated epidermal cells. These were observed from 

the/ 
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the fourth to the sixth day after infection, and were described 

as spherical or oval, usually single, and stained greyish-red 

with haematoxylin and eosin. The author stated that these 

bodies appeared to arise from the packing together of degenera 

cytoplasm. 

Bennett, Horgan and Easeeb (19)4) using an English strain 

of OPD virus obtained from Glover reported no difficulty in 

tranonitting the disease to rabbits, also to calves and monkeye.1 

Deny investigators working with this disease have failed to 

transmit infection to raboits, among these being Jynaud (i 923), 

Jacatot (1926), Glover (i 928), Howarth (1929) and houthton and 

hardy (1934). One worker who claimed success in infecting 

young rabbits was Lanfranchi (1925). SeIbie (1944) also 

reported the probable tranoMission of the infection to the 

rabbit fran a papillomatous growth on the lips of a laMb. 

nergan and Haseeb (1947a) tested two English strains of 

OPD and three strains from Oyprus for cross-imunity. They 

reported that cross-Innunity existed between all strains varyin 

from strong to complete, and concluded that the clinical disease 

is caused by a series of strains of virus, some immunologically 

identical and others closely related. This work was done by 

immunising five sheep with one strain each and testing each 

about six weeks later with all five strains. 

Horgan and haseeb (1947b) stated that in transmitting 

animal poxes, and in particular OPD, to rabbits that the breed 

of rabbit used is of prime iraportance. The rabbits used by 

them/ 
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them were an albino strain inbred for ten years white had 

originated from England. In this article the authors compared 

Selbids 'vas' with a strain of COO, and concluded from the 

comparison of infectivity tests, incubation periods, evolution 

of lesions and cross -immunity tests that Selbie' s virus crag a 

separate entity i.n unologicaily from the virus of CP13. 

The causal agent of the. rabbit lesions produced by Selbie 

was later identified (Abdussalam 1910 as the fungus Trichophyt 

gjpseun, thus confirming the conclusion of Horgan and haseeb. 

More recently some further observations have been made on 

UeD of sheep in Australia by Hart et al. (19 9) who failed to 

grow the virus on the chorioallantoic membrane of the chick 

embryo, thus confirming the findings of Beveridge and Burnet 

(19+.6). Hart et al. also reported that scabs stored 151 years 

in plugged bottles at room temperature had proved infective for 

sheep. The results of vaccination of a large nuìber of lambs 

with a 1:1000 suspension of infective scabs are given. These 

were apparently satisfactory, but no control uninoculated 

groups were kept. 

Lyell and Miles (1950) also attempted to grow the virus 

of CU on the chick chorioallantoic membrane. lesions were 

found on the first passage, but disappeared by the fourth 

passage. A typical lesio n containing elementary bodies was 

produced by inoculating a lamb with material from a first 

passage membrane. 

This concludes the account of previous work on or? and 02D. 

Thene/ 
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There is however a further type of dermatitis affecti.n. the 

legs of sheep which occurs Sxi Scotland and vas described by 

harriss 0948). De stated that it, appeared to be widespread 

in the l ,orthei.,a:st of cotland, and was kno.°n locally ab 

Strawberry Foot Rot (SFR ). Clinically the lesions closely 

resembied, those of CAP described by Glover Li 926), b4xt otherwis 

important differences were observed, the most striking one 

being that infection with SFR confers no -ia,Ttunity to reinfection 

with ea) and in fact no immunity to reinfection with SFR. Thus 

any age of sheep could become affected. harries described the 

natural and experimental disease and its histology, which latte 

he said was identical with that described by Glover (i 928) for 

(7PD. Laboratory animais could not be experimentally infected, 

but Dan was susceptible to infection. The description 

'Proliferative Dermatitis of the legs' tas given, since the 

essenxtial histological change was a very marked prol.ifera.tion 

of the àx=diphi.g.i:à:a layer of the epi<.iermisP The infective 

agent was not isolated by harrá.ss, but he found that it remaine 

viable in dried crusts kept for over one year at about 2°G. 

Horgan and hasic:b (i y46) investigated tee iamtuwl.ogbcal 

relationship between iiFR and i.'.Piì, and concluded that "there ras 

no evidence of any immunological relationship between the 

viruses of vacc;in:i.a, Oil) and 6FR3 and that SFR aepeas.ged to be 

a new vdrus." `±7hey did not attempt to isolate the infective 

al;ent of SER, restricting their work solely to cross--iasuaity 

tests in whieh they were able to infect rabbits without any 

difficulty/ 
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difficulty. They did however discover that 12 hours treatment 

with ether destroyed the infective agent of SM. This is in 

marked contrast with the virus of 021), which is unaffected by 

similar treatment with ether. 

Abdussalae and Bioko-core (1948) reproduced SR in sheep, 

goats, rabeits and guineapigs, using material obtained frem 

llarriss. They were unable to isolate the infective agent, but 

stated that in a limited number of tests it had passed eradocol 

membranes of 0.69tsaverage pore diameter but was not visible 

in electron micrographs of infective filtrates, while sinilarly 

prepared material from CeD lesions showed visible elementary 

bodies. They confirmed that etherization for five hours was 

sufficient to inhibit the infective agent, and concluded that 

the infective agent of SF R differed from that of U2D and 

probably did not belong to the pox group of viruses. 

A summary haz been given of the relevant literature 

concerning Border orf contagious pustular dermatitis and 

stramberry foot rot, three diseases naturally affecting the 

sheep in Britain and caused by dermatropie infective agents. 

Border orf and 02D are considered to be etiologically identical 

on the evidence of the limited comparative tests which have 

been carried out, but only in the case of eeff) has the causal 

virus been demonstrated under the visual and electron 

Microscopes and obtained in 'Purified fors as an elementary body 

suspension (Abdussalam and Blakemore 1948, Abdussalam .1948, 

Blakemore/ 
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Blakemore2 Abdussalaa and Goldsnith 194d). A olose relation- 

ship would appear to exist between orf and C21) but publii(led 

work on SFR shows that it presents marked differences fraaboth 

of these conditions, and its infective ant has not been 

demonstrated or isolated by previous workers. 

The purpose of this investigation was therefore to Stody 

the pathology of border orf in detail as being a condition of 

considerable local and economic iiwortance, to compare it with 

that of contagious oustular dermatitis and strawberry Poot rot, 

and to attempt to obtain further information about the 

inuunologicai relationenie of the three infective agents by 

methods including serological and uross-immunity tests. 

Vaccination against orf and contagious pustular dermatitis in 

Great Britain is not always followed by the high degree of 

protection which appears to obtain in other countries (byle 

Stewart 1948), and it was considered that fresh knowledge might 

be Obtained which -would offer some explanation for this. Any 

indication as to the nature of the infective agent of strawberr- 

foot rot which might be discovered auring this work would of 

course add greatly to existing knowledge of that disease. 

Table I rives a brief comparisoa of the main characters of 

the thrbe diseases. 
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TABLE I 

ORF CPI) 8FR 

Age of sheep 
affected 

usually under 
1 year 

Usually under 
i year 

Any age 

Geographical 
distribution 

Border counties 
of Southern 
Scotland& 
Northern ErcLand 

Uorldwide iT.E,Scotlan 

Site of natural coronet & fetlock 
lesions 

I- 

Lips -ower part 
of linibs 

Immunity produced Strong 
to reinfection 

Strong Very transi 
if any 

Effect of ether 
on the infective 
agent 

Resistant Resistant Infective 
agent 
destroyed 

évr* 
O.69 filtrate 
of infective 
material 

Infective Infective infective 

Aetiological 
agent 

Virus Virus Unknown 

Presence of 
elementary 
bodies in 
infective 
material 

,....-___ 

+ + - 

Resistance of 
infective 
ageW: to 
desiccation 

--___ 

Strong Strong Strong 

infective to 
an 

les Yes Yes 

nt, 



MATERVIS 

Border Ç. The strain of orf virus used was obtained from 

field outbreak showing typical coronet and fetlock lesions, 

id occurring am a flock in the Lauder(We district of 

oxburghshire. It was designated "Birkensiden. Crusts from 

le lesions were passaged on a susceptible sheep to ensure 

otency, material from the resultant lesions being, dried down in 

desiccator over calcium chloride, then ground to a fine powder, 

zouled and stored at 4°0 until required for use. 

Conta ious Pustular Lermatitis. This virus vas obtained 

ram Professor Blae-emore, at that time of the Institute of 

1mal Pathology, University of Cambridge. It vas desiccated, 

ulverised and ampouled when obtained. 

'travberrv Foot Rot Proliferative 1)enatitis of the 14e 7s in 

'beep). Infective crusts from cases of this disease in sheep 

vere obtained from Mr. S. T. Harriss of the Uovett Research 

titute Aberdeen. They were treated and stored in a similar 

Ilaener to the orf crusts above. 

LIETHOLS 

Susceptible South Country Cheviot lambs and hoggs varying 

in age from five months to about one year old were used for all 

xperimental infections carried out in sheep.. The usual site 

f inoculation was the flank, the area being prepared by 

lucking/ 
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plucking the wool by hand and then cleansing with a cottonwool 

smith soaked in ether to remove grease and dirt (this procedure 

modified in the case of 3ER as the infective agent is 

inhibited by ether (Horgan and Haseeb 1948), the area being 

ed with soap and water, rinsed and dried)* The wool was 

lipped tell back fran the edee of the ;lucked area to avoid 

adherence to the lesions* 

The skin was then scarified as required with the point of a 
aypodermie needle. This was done lightly so as only just to 

reak the surface of the epiderais without causing bleeding. 

The inoculura was prepared, unless otherwise stated, by 

aulsifying a seal' amount of the dried powdered crusts in about 

(TV) of sterile bouillon in a sterile mortar. When it 

as found necessary to ellainate bacterial contataination in the 

mse of ore and OPD, 1250 units of calcium penicillin were 

dded per c.c. of the inoculum and the emulsion was allowed to 

tand at room temperature for 6 hours. The.inocuum was then 

pplied. over the scarifications by means of a sterile swab. 

For histological studies of the developing lesions one long 

inear scarification was made and inoculated. Small biopsies 

Welding a portion of unaffected skin on either side of the 

esion, mere removed under local anaesthesia at intervals 

hereafter during the course of the disease for up to 7 

.ft 

days 

er inoculation. Histological changes occurring after 7 days 

ave not been described, as secondary bacterial contamination 

variably occurs and the changes are no longer specific. The 

biopsies/ 
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biopsies were fixed _Ln L'Aisa, paraffin sections were cut and 

stained as required. 

For histological studies of lesions produced by gradocol 

gmnbrane filtrates, dried infective crusts were resuspended in 

Vi, 
bout 500 x (11) of sterile bouillon and allowed to macerate 

o. 
in the incubator at 37 J for 5 hours. The suspension was 

assed through a sand and pulp filter to clarify it, arid then 

hrough a gradocol membrane of 0.75)., average pore diameter 

ing a negative pressure of 7 of mercury. Cultures were made 

from this filtrate into glucose and nutrient broths, and after 

incubation for 48 hours at 370U showed no growth of any kind. 

area was then plucked on a susceptible lamb's flank and 

leansed with ether, a single linear scarification was made as 

bove, and the filtered virus suspension aeplied. A control 

area on the Iafb's opposite flank was also inoculated with a 

portion of the original suspension which had:not been filtered. 

Biopsies were removed daily under local anaesthesia for seven 

days, commencing 24 hours after inocuMtion. These were fixed 

in Ousa, paraffin sections being cut and stained as required. 



SECTION II 

A Coinparison of the Natural and Experimental Lesions, their 
1-Tistopathology and Pathogenicity. 
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SECTION il 

A dom arison of the Natural and Experimental Lesions their 

Hiatopatholopy arid Pathogenic ijj 

1 

Elide Natural Disease* 

As mentioned previously, this disease is a dermatitis 

primarily affecting the leg of the sheep, and seen most commonly 

in the contiguous Border counties of Scotland and Northern 

'ngland* It can occur in Sheep of any age, but is most often 

seen in lambs under one year old. The fact that older sheep 

are less commonly affected is erobably due to iie?unity acquired 

s a result of infection in earlier life. 

Orf is most prevalent in the summer or early autumn from 

uly to October, when the lajbs are about four to eight months 

ld. It can however occur at other times of the year. The 

esion is usually solitary and laost commonly occurs on the limbs 

ually in the region of the coronet or fetlock (Figs. 1 and 2 

ut may be found anywhere up to the knee or hock. Lesions can 

so more rarely be observed on other non-woolled parts of the 

ody, e.g. on the skin round the eyes, or even involving the 

ye, or at the base of the ear, the lips and the nostrils. 

The staes of papulation and vesiculation in the natural 

disease are not generally seen, and attention is only drawn to 

the existence of the lesions after a pustule has formed and 

ruptured, leaving an ulcer which quickly becomes covered, by a 

hin scab. The first signs of such a lesion may only be an 

ereetion and matting together of the hairs over the affected 

)art.,/ 
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Figei Field orf. Early lesion aLove coronet. 

Fig.2 Field orf. Early lesion on coronet. 
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part. The lesion varies from the size of a shilling to that of 

a half-crown, and does not tend to spread. The shallow ulcer 

below the scab is filled with a thin greyish pus, the result of 

secondary infection which invariably occurs. Left alone, a 

rather heaped-up scab develops, thicker in the centre and often 

paper thin at the periphery (Fig. 3 ). Dealing occurs below 

this scab by granulation, removal of the scab at this stage 

exposing a raw surface which bleeds freely. When this process 

is complete, the scabs dry up and fall off, leaving a roughly 

circular hairless area which remains obvious for some weeks. In 

all, the course oí the disease is from about five to eight weeks 

healing naturally being retarded in cases where secondary 

acterial infection is marked. 

Orf can be very contagious, and can rabidly spread through 

a flock affecting, a large percentage of the lambs. Depending 

on the actual site of the lesion, a degree of lameness may be 

produced varying from mild to severe which interferes with 

rmal grazing habits and gives the affected lamb a considerable 

setbacc in condition, thus entailing a very real financial loss 

to farmers intending to sell these animilis as fat lambs. The 

incidence of the condition, on the same fax can vary greatly 

from year to year, and it may be that weather conditions are 

the factor determining survival of infective material as has 

been experimentally shown by Boughton and hardy (1934). 

Natural infection usually confers a lifelong immunity, second 

ttacks of orf in the same animal being practically Unknown. 



fig.3 eieid orf. healing lesion on fetlock 
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1.122-11,MIlliaRPion of ponder Orf. 

L1499...§222Lal apeearance. The incubation period of the 

experimental lesion proved to be about two days, by which time 

the sear aopeared alightly raised, and showed a zone of 

erythema extending for about 3 mm, on either side of it. 

On the following day papule formation coamenced, resulting 

in a line of papules along the scar flanked by erythema. After 

a further 24 hours many of these papules were confluent,- forming 

a ridge. 

The papules became flat vesicles which only contained a 

very wall amount of clear serous fluida Transformation into 

ustules was raeid, and occurred by about the fourth to sixth 

day after inoculation. 

Individual eustulez were about 3 -4 mm. in diametero 

ellowiSh in colour and elevated above the level of the skin. 

They were surrounded by an erythematous zone about 0.5 cm. wide. 

1ost of the pustules mere confluent along the line of scarificat 

but a few. were present close to the scar on either side of it. 

The puntules, hitherto soft and moist, now (about eight or 

tie days after inoculation) became drier in aepearance as the 

stage of healing commenced, and a thick yellowish crust formed 

ver the top of the lesions, shortly becoming hard and brittle. 

aeaoval of the crust showed vascular granulation tissue 

pairing the floor of the underlying ulcer. 

This crust flaked off and fell within about 3 weeks after 

inoculation as the epitheliva regenerated, leaving a pinkish- 

blue irregular strip of thin epithelium covering the original 

sited/ 

on, 
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Section of normal skin of sheep taken from flank. 11 ?1.6 r100 
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site of scarification. 

Microscopical appearance. The first pathological changes 

were noted at 2+ hours after inoculation, when a snail scab 

consisting of coagulated. serum, red blood. corpuscles, fibrin an 

a few polymorphonuclear leucocytes had formed over the site of 

scarification. 

At 40 hours proliferation of the stratified scivamous 

epithelium of the epidermis was seen, as indicated by an increa 

in its depth and in the nuniber of mitotic figures in its basal 

layers. Infiltration of the dermis by a few oolymorplonuclear 

leucocytes and macrophages was also observe& 

The epithelium rapidly became oedematou s. and therefore 

thickened, both intercellular and intracellular oedema being 

noted. The latter type gave to the more superficial cells of 

the Malphigian layer the reticular appearance described by Unna 

(1896), only the cell meMbranes remaining, distended by fluid, 

While the nuclei were shrunken and pyknotic and in some cases 

broken tu) into several fragments. he interdellular oedema 

extended for a further considerable distance laterally. The 

stratum granulosma showed focal infiltration by small numbers 

of polymorphs while later infiltration of the dermis by round 

cells (mainly lymphocytes) became more pronounced. 

By the third day this reticular or hydropic degeneration 

had spread rapidly downwards, involving all but the basal layers 

of the epidermal cells, and also laterally for a considerable 

distance. In that part of the epithelium below the scab where- 

degeneration/ 
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degeneration had proceeded so rapidly, ail the cells except only 

those of the stratumgativum were destroyed and replaced 

-y an eosixonhile granular material - this was the contents of 

the vesicle which was now forming,. In this fluid a few - 

scattered polymorphs and pyknotic epithelial nuclei were seen. 

lae of the degenerating epithelial cells cents:hied eosinephile 

aline dtoplets in their cytoplasra which may have been keratin. 

The next stage was that of pustule formation - the eosinophtle 

E 
ccaLlar material of the vesicle became replaced by a massive 

umulation of polymorchs, which was bounded on the upper (free 

surface by the stratum eon our., and the remains of the stratum 

granulosum and below by the basal le_yers.of the epithelium or 

stratum gerninativum. The dermal papillae were packed with 

polymorohe interspersed with a few lymphocytes and macrophages. 

he blood-vessels likewise were full of polymorphs, and in some 

f them the endothelial cells were grossly swollen. The deeper 

Feticulax layer of the dermis showed an infiltration mainly 

Ff lymphocytes the polymorphs being oonfed to the papillary 

1.ayer. By this time the reticular degeneration of epithelial 

cells had spread down some of the neighbouring hair follicles. 

At the ,fourth day the -pustule had fully formed and was 

illed with po lymolphs, pylmotie framents of nuclei, other 

F3eiiular debris and fibrin. The nur:-abers of lyrwhoeytes and 

crophages in the dermis had increased, and the hair follicles 
showed infiltration of the shafts by lymphocytes intermingled 

ith a few polymorphs. :Breaks occurred. in the continuity of 

he/ 
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the basal ieyers of the epithelium forming the floor of the 

ustuie, and its contents were thus in communication with the 

rmis. In a short time, active-looking fibroblasts made their 

pearanee in the summits of the dermal papillae below the scab, 

Li the dermal infiltration appeared slightly less intense . 

me of the capillaries in the dernis appeared packed with 

crophages. 

By about five days regeneration of the dn7vagelepithelium 

ommenced in one or two small areas by proliferation of the 

stratum germinativum0 hyperkeratosis lateral to the pustule ua 

noticeable in sections taken about this time. In other. parts 

Of the lesion however the epithelium had been completely 

destroyed and there as a free comounication between pustule and 

dermis. The latter was packed with polymorphs which had 

invaded hairsheaths and in fact all structures in the region 

flown to the retieplar layer of the dermis. 

The pustules continued to increase in size, and the dermal 

infiltration gradually altered in character until it was 

redominantly lymphoeytic. Oedema of the dermis was marked. 

'n141rgement of the pustules produced a triangular shape with the 

cab forming the apex, below it coagulated exudate, then masses 

f polymorphs mixed with cellular debris, some _...713.0s. and 

ibrin. This coagulated exudate, eoly.norphs and cellular debri 

ormed the thick crusts seen macroscopically at this stage in 

he disease, and which by about nine to ten days began to show 

.11)' 

igns of separating from the underlying epithelium, itself now 

uttenoind 

I; 



HISTOPATHOLOGY OF EXPrRThNTAL BORLER ORF 

Fig.5 eritaental ori' lesion 44. hours. 
:Reticular degeneration of epidenaal cells. 

H E x 100 



Fig.7 Experimental orf lesion 79 hours. Vesicle 
foxruation counencing, II & ß x 100. 

Fig.8 Experimental orf lesion 99 hours, Vesicle 
formation complete. h et 1 x 100 



Fig09 Exi-ferimental ox f lesion 96 hours. Pustule 
coaileneing to foxml. H & E x 100 

gA 

.6xperimentai orf lesion 144- hours. Pustule 
formation conviete. n E x100 



Figo41 , Experimental orf 79 hours, illustrating 
extent of reticular degeneration in epidermis. h x14 

Fig.i 2 Experimental orf lesion 91 hours, showing 
fully formed. vesicle. H & 1 x 14. 
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commencing to regenerate so that once more the various strata 

were recoppisable. 

The Effect of Filtration on the Patho,7enesis of the Lesion. 

The crusts and scabs from the lesions of Border orf 

invariably contain, in addition to the causal virus, large 

numbers of contaminating bacteria. Streptococci and 

staphylococci are the predominating organisms found, but 

Oorynebacterium py-Dgenes and Fusifornis necrophorus are amongst 

others which occur (Watt 1952). It was therefore considered 

desirable to study the histology of lesions from which bacteria 

had been excluded, at least in the initial and important stages 

of development, and it was decided to do this by gradocol 

membrane filtration of the inoculum. It would then be possible 

to determine whether any macroscopic or microscopic differences 

existed between such lesions and those produced without 

recautions to exclude bacteria, and also a truer picture of the 

lesions would be given for comparison with those of OT.T. 

The following is a description of the macroscopic and 

nicroscopic changes in lesions produced by gradocol membrane 

iltrates of infective material. 

erw-cooic iiearauce. 

Days after 
oculation 

1. No change observed - the sear appeared to be healing. 

2. The scar appeared redder and slightly elevated. 

Towards the end of this day papule formation was just 

commencing. The control atea showed weil-paarked 
papules/ 
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Days after 
Inoculation 

2.(.knt)papules by this time. This would seem to indicate 

that filtration caused slight lengthening of the 

incubation period. 

3. Papules now evident - the scar aer)eared as a long 

ezythenatous line raised slightly above the 

surrounding normal skin. A few individual papules 

were scattered close to the scar. 

4. Vesirie formation had replaced the papule stage. The 

line of inoculation was elevated and had very 

erythematous borders. 

5. Pustules had commenced to appear. 

0. Pustule formation completed. The pustules were 

yellowish in colour and confluent, elevated quite 

markedly above the surrounding skin. 

8. Moderately thick yellowish crusts had formed over 

the pustules. 

icrosco)ic 

Tine after 
Inoculation 

)learance. 

46 A small amount of coagulated Ber m. containing a few 

RBCs and polymorphs resulting from the initial 

scarification surmounted the lesion. 

Epidermis:- Greatly increased in depth due to 

hypertrophy. Reticular cell degeneration extended 

to basal layers in many places. Vocal infiltration 

by a few polymorphs at one point. 

0ellular infiltration even at this stage was 

quite extensive - polymorphonuelear leucocytes in 

deeper reticular layer - particularly numerous in 

region of hair follicles although widely distributed 

generally/ 
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Time after 
Inoculation 

hours 

48(Cont) generally. 

Capillaries in papillary layer were surrounded 

by macrophages, and showed swelling of the 

endothelial cells. 

72 Epidermis:- 7.eticular degeneration had now extended 

for a considerable distance on either side of the 

scab and was spreading down into the associated hair 

follicles. 

hyperkeratosis was evident over the area of reticular 

degeneration. 

Lermis:- At one point cells from the dermis (mainly 

polymorphs) were invading the epidermis. Generally 

the cellular infiltration was more localised than 

at 48 hours. Viore macrophages were evident in the 

reticular layer. 

96 Epidermis:- Pustule formation was commencing. 

,Polymorphs had invaded the upper necrotic layers 

below the scab, and were seen together with an 

eosinophile granular material in which lay the 

nuclear remains of the destroyed epidermal cells. 

The stratum granulo sum forming part of the roof of 

the pustule was still recognisable. 

Dermis:- The vessels were all very congested. Masses 

of polymorphs were underlying the epidermis, and a 

few fibroblasts had made their appearance inter- 

mingled with these polymorphs. There was quite a 

sharp demarcation between these polymorphs and the 

mononuclears in the deeper layers, which by this 

time were very numerous. 

11,4.4 Epidermis:- Reticular degeneration was even more 

widespread by this time, and pustule formation was 

advanced. The surviving cells of the rete malphigi 

in/ 
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Time after 
Inoculation 

1L-(,;ent) in the region of the pustule wefe filled with small 

basophile granule. 

Dermis:- Showed intense congestion of vessele in the 

sulazdts of the dermal papillae. The cellular 

infiltration consisted of mixed polymorphs and 

mononuclear packed tightly together - lymphocytes 

and Luaorophages predominated, the eolymorphs 

occurring only immediately below the epidermis. 

Every hair follicle in the area showed reticular 

degeneration of all cells except those of the 

external root sheath. 

168 Epiderrais:- Pustule formation had now extended over 

a very wide area, the contents consisting of cellular 

and nuclear debris and masses of polymorphs, both 

living and necrotic. In several places the barrier 

of the stratum germinativaa had been broken down 
ana there was free coraranication with the dermis. 

Dermis:- Now had become very congested, especially 

near the staits of the derma papillae. it cas 

heavily infiltrated with eells - mainly mononuclears 

but with a few polymorphs near the epidermis. The 

majority of the mononuclears were lymphocytes, but 

some macrophages were present as well. 

Pathouenioit for small Laborator4 Animals. 

There are no records of any previous . investigations 

ncerning the pathogenicity of Border orf for small laboratory 

Hanimals. 

Lxperiments were carried out on rabbits and guineapigs as 

ollows:/ 
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follows:- A 1:100 suspension of orf crusts w Ada had been 

treated with penicillin for six hours at room temperature was 

applied to the plucked anti scarified flanks of three six-month 

old raboits, and to the shaved and scarified flanks of two 

young guinea digs by means of sterile swabs. This suspension 

was also inoculated on to the scarified skin of the inner aspect 

of the thigh of a susceptible laib as a control. 

In all cases the scars on the rabuits and guinea Digs 

healed by first intention without any indication of reaction to 

Vie virus. Typical lesions of orf developed on the control. 

lamb. 
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. CONTAGIOUS PUSTULAR LeRMATITIS. 

The Natural Disease. 

As mentioned in the Introauction the term "contagious 

pustular dermatitis" refers in this work only to the disease 

described under that naae by Glover (1928). The condition is 

apearently worldwide in its distributions having been reported 

in France, England, Australia, New 'eealands Cyprus, Uoroecos 

South Africa, Greece, Indo-China, Italy Hungary and the 'U.S.A. 

Lesions are almost invariably confined to the heads usually 

affecting the lips but sametimes the face also, and may even 

owasional4 invade the buccal cavity (Fig. 13). All ages of 

sheep are susceptible, but GOD is most commonly seen in labs 

under one year old. The stages of' papule and vesicle pass 

unnoticed in the field, and attention is usually only drawn to 

affected animois when pustules have formed - these occur on the 

borders of the lips and are often observed at the combassures 

(Fig.14). Rupture of these pustules leaves a number of smell 

ulcers which often coalesce to form one large lesion. A thin 

purulent discharge from the floor of the ulcers coagulates on 

the surrounding skin and forms dark reddish-black hard crusts 

over the area, which soon become quite thick, and if extensive 

naturally interfere markedly with the prehension of food (Fig. 

15). Removal of the crusts before healing has commenced 

shows a small aeount of thin greyish-yellow pus on the floor of 

the ulcer, but at a later stage will reveal a raw granulating 

surface with a few adall bleeding points scattered throughout. 

The/ 



Fig.13 li;arly lesions affecting 
lips and nostrils. 

Fig,14. Field OPD. Lesions affecting the 
conaissures of the lips. 
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Field OPD. Lesions on udder and teat of eve. 
This animal was also suffering from a secondary acute 

1 

gangrenous mastitis thioh proauced the disoolouxation 
of the Skin over the gland. 

1 

1 

Fig.15 Field GilD. luxtensive crust foroation on lips. 
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The crusts fall themselves about 4 - 6 weeks after the coarxnee-1 

ment of the disease, leaving a ha irle area with a thin 

covering of new epithelium. This denuded area remains evident 

for a few weeks before it becomes covered by a new growth of 

hair. 

When the disease affects young suckling laabs lesions ofterl 

also occur on the udder and teats of the ewe, which frequently 

become secondarily infected with bacteria, commonly streptococci 

and staphylococci a s do the lesions on the lips of the laths. 

Infection may thus gain entraylce to the mammary gland and cause 

an acute gangrenous mastitis, whichlaay be fatal (Fig. 16). 

Glover (1929-30) has Shown that 02D virus by itself is capable 

Of producing a subacute mastitis in lactating eves when injectea 

into the udder via the teat canal. 

UPD can spread rapidly through the lambs in a flock, 

occasionally proving fatal in young lambs due to extensive 

lesions preventing suckling. In milder oases a marked setback 

in condition is produced from which the lambs may take a long 

time to recover, and the condition is therefore one of con- 

siderable importance to the shcepowner. 

A, natural attack of the disease confers a strong luaunity 

of long duration, usually lasting for the lifetiAe of the animal. 

Thelinen.i.Lestaion of Conta i us Pustular Lermatitis. 

Macroscoeical appearance. The incubation period of the 

experimental lesion was approximately two clays. The first 

sign of a reaction was erythema, which remained confined to the 

ine/ 
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line of scarification. and to a small zone on either side of it. 

Within 24 hours the origin of a few papules could be seen along 

the scars, and by the fourth day the papules were complete 

each surrounded by a zone of congestion. 

At the fifth day the lesion appeared as a confluent 

elevated line of pale yellow vesico-pustules slightly puckered 

at their periphery and with a thicker looking darker yellow 

centre. The surrounding zone of congestion was still present. 

Twenty-four hours later these developed into large pustules 

about 4. - 5 me in dinmeter with the darker yellow centre 

slightly uMbilicate. This centre gradually extended to form 

a crust over the lesion. Its removal revealed a raw 

granulating surface underneath, with numerpus bleeding points. 

The erythematous zone disappeared and within a feu days 

the crust gradually became drier in appearance, thicker and 

more extensive, eventually covering the whole inoculoted area. 

The floor of tie ulcer underlying the crust healed by 

granulation, and as the epithelium regenerated the crust flaked 

off, till by 2 - 3 weeks all that remained was a slightly raise 

line representing the original scarification. 

L'ilerpscoAcal appearance. At the end of the first day 

after inoculation there pas a small scab over the line of 

scarification. The cells of the epidermis immedintely below 

this showed slight intercellular oedema and co.aaencing degenerative 

changes. There was no thickening of the epidermis and no 

mitotic/ 
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mitotic figures were visible in the stratum germinativum. 

At two days after inoculation the epidermis had become 

increased in depth to about three times its normal thickness 

this change extended laterally for some distance from the scab. 

Intercellular oedema too had extended laterally. Reticular or 

hydropic degenerative changes were obvious in the epidermal cells 

under the scab, extending about halfway down the epidermis. At 

this time some macrophages were observed infiltrating the 

dermis, and a few polymorphonuclear leucoc es were seen in and 

around the capillaries in the papillary layer of the dermis. 

By the third day marked changes had occurred. The epidere s 

was now about six times its normal depth, and reticular 

degeneration now affected all the cells except those of the 

basal layer, extending laterally for a great distance. The 

lesion was now at the stage of papule formations the scab and 

adjacent eeidelleel cells becoming slightly elevated. cellular 

infiltration of the dermis was increasing, censisting mainly 

of macrophages but with a few eolymorphs. 

Shortly afterwards the commencement of vesicle formation 

was noted, a small amount of eosinophilic fluid containing 

nuclear debris appearing below the scab (where all cellular 

structure except for the basal layers had been destroyed). 

large number of polymorphs and macrophages had invaded the 

dermis, where the endothelial cells of the capillaries viere 

markedly swollen. 

At four dais vesicle formation was almost complete, the 

eosinophilic/ 
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eosinophilic fluid contents becaming inereased in amount. 

Reticular degeneration had by now affected the hairsheaths in 

the region of the lesion and all but the outermost layers of 

cells showed this change. Dermal infiltration was intense, 

consisting of macrophages and polyeorphs. 

On the fifth day the veeeie was fully formed ana elevated 

above the level of the adjacent epiderels. The roof consisted 

of the scab and the remains of the stratum granuloeum, and the 

floor was formed by the degenerated cells of the Lalphigien 

layer which now showed gross reticular degeneration doun to the 

basal layers. he endothelial cells of the dermal caeilLaries 

were acutely sollen. 

Rapid transformation of the vesicle into a. pustule had 

occurred by six days, the contents being polymorphs enweshed 

in etrands of fibrin together with a granulareosinophilic 

material and much cellular debris. In maw places the basal 

layers or the epidermis were ruptured and the contents of the 

pustule -were in communicatioe with the demist which was 

infiltrated by large numbers of eolymorphs and a few macrophage 

The cellular infiltration and dereal oedema extended down to t 

layer of collagen bundles. 

By ten days the pustules had ruptured and thick crusts 

composed of fibrin and neeretic cellular debris had formed over 

the lesion. In the dermis active-looking fibroblasts had 

appeared, indicating that the stage of healing had now commenced 

The Effect of Filtration on the Pathogenesis of tee Lesion. 



hIaid'AT4.) -GI OF LTAL OONICAO4OU6 PUSTULAP 

Fig.17 Experimental On lesion 24 hours. aight thickening 
of epidermis and commencing dormal infiltration. 11A; E x 100 

Fig.18 Experimental On lesion 48 hours. .lieticular 

degeneration involving upper layers of epiderwal cells. 
El es! 1 x100. 



Fig.19 Experimental 0.0) lesion 72 hours. ,x-tension of 
reticular degeneration involving all except basal cells 

of epidermis. i S: E x 100 

Fig, 20 Experimental CD lesion 91 hours. Formation 
of vesicle. U a E x 100. 



Fig.21 Experimental 02D lesion 117 hours. ater 
stage of vesicle formation. h I x 100 

Fig.22 Experimental OPLi lesion 170 hours. 
Pustule forry.ation. H & E x 100. 



Fig. 23 xerinnta1 04) lesion 71 hours, illustrating 
extent of reticular degeneration. in eliddermis. H 1 x 14. 

Pig. 24 :ilxperiunental qi.)D lesion 117 hours, showing 
vesicle formation. H a: x 114;,. 
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The Effect of Filtration on the Path° enesis of the Lesion. 

Macrosco ae A earance. 

The lesions produced by filtered GIJD inoculum developed at 

exactly the sane speed and presented an identical appearance 

macroscopically to those produced by filtered Border orf 

inoculum. A separate description will therefore not be given. 

N4cr°sq22ALA2228-Eane2a 

Tiwe after 
Inoculation 
(hours) 

214. The point of inoculation was marked by a small 

amount of coagulated serum containing some 1-J.130s an 

polymorphs. 

Epidermis:- No hypertrophy had occurred yeti, inter 

and intracellular oedema had conaenced shown by 

separation of cells and swelling of cytoplasm. 

Degenerative changes had ceatienced - a fearnuclei 

had completely disappeared, others were shrunken 

and stained more deeply with haematoxylin than 

normal. 

Derais:- Only a slight local cellular reaction had 

occurred consisting of a few polymorphs with some 

scattered round cells. 

48 Epidermis:- Now about twice its normal depth due to 

smelling of the upper epidermal cells with serous 

degeneration. Those cells just below the scab 

were necrotic and eosinophilic, while the remainder 

of the Malphigian layer had undergone serous 

degeneration. The cells of the stratum gerainatima 

were more normal in appearance although the palisade 

arrangement of its cells had been upset and they 

were irregularly heaped together. 

DerAs:- Oedematous. Bloodgessels were filled wit 

polymorphs/ 
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polymorphs which made them stand out in this 

section. Cellular infiltration had increased - 

more mononuclears were prescrit, and a few fibro- 

blasts had appeared. 

72 Epidemis:- Serous degeneration had aemad very 

widely lateral to the lesion, involving all strata 

and ea:afar-wing tu affect the hair follicles ia the 

area. 

Dermis:- Infiltration now consisted of egall number 

of polgaorphs and round cells, with many 

macrophages amongst the latter. 

96 Epidermis:- Vesico-pustule stage. Below the scab 

was a mass of polymorphs, cellular and nuclear 

debris with fibrin and serous fluid. 

Dermis:- Very congested and oedenatous. The 

papillae were full of polymorphs. The hair 

follicles in area of the lesion viere all showing 

serous degeneration of all layers except the 

external root sheath. 

144 Epidermis: Pustule formation had now occupied a 

large area. In several places there was free 

communication between the epidermis and demis. 

All that remained intact of the epidermis was the 

stratua germinativaa. 

Denis:- Very congested and oedematous, Infiltration 

mainly mononuclear (lymphocytes). 

168 Epidermis:- As for 444 hours but even more intense. 

Pus had spread downwards to involve the hairsheath 

near the pustule. 
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kataaamisita.....Se-__esm_a_ababorato_d_ra Animals. m0000a.......14MIXO 

Many DI:ViliOUS workers have atteaeted to infect rab-eits, 

guineapigs and other small animals with the virus of OPD. Their 

findings were sUmmed up by Glover (1931) who stated that °apart 

from some isolated experiments by Lanfranchi (1925), there is 

general agreement that the rabbit, an animal aadirably suited 

to the detection of the virus of vaccinia, is entirely refracto 

to the virus of dermatitis..° 

The only other experimental evidence which conflicts with 

this statement is that of :Oennett, Horgan and Haseeb (1944) who 

claimed to have experienced no difficulty in transaitting an 

English strain of cap virus obtained from Glover to rabbits* 

Glover (1944) himself had failed to infect rabbits in England 

with the same strain. The success of Bennett et al. was 

attributed in a later article (Horgan and haseeb 494:h) to the 

particular albino breed of rabbits used. 

There appears to be no recoreied instance of the successful 

transmission of OPD to the guineapiga 

In the present investigation three six month old rabbits 

and three young guineapigs were inoculated with a suspension of 

CPD crusts in a similar manner to that desoribed previously 

in this Section under 3order Orf°. A control lamb was also 

inoculated with the same material. No lesions developed on ex 

of the rabbits or guineapigs the scars healing by first intent 

While typical lesions of U2]) developed on the inoculated site o 

the central lab. 
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C. STRAWBERRY FOOT ROT 

PROLIFERATIVE LERUATITIS OF THE LEGS IN SHEEP 

atural Dieease. 

The only published account of a natural outbreak of 

'trawberry Foot Rot is that of Berries (1948), whose obvations 

ere made on a flock of Blackface ewes and lamb near the Rowett 

esearch Institute, Aberdeen. Although this author stated 

hat the disease was apparently eidespreae in the earth-East of 

iicotland, during the course of this investigation in spite of 

requests to Veterinary Investigation Officers in that area it has 

oney proved possi ble to observe personally one case sail to be 

typical of the natural disease, which will be described later. 

n order to give a general account of the natural disease the 

description given by Harriss must be abstracted from his paper:® 

The disease is said to be an ulcerative dermatitis affecting 

he skin of the legs from the coronet to above the knee or hoc 

1 

ee 

'though Abdussalam and 31akemore (1948) su:gestee that lesions 

might more rarely occur on the nose and lips. The outbreak 

Lon among the lambs when they were about six weeks old, 

some 10 days after they had been put on to known infected 

pastures, when 38 out of a total of 54 were noticed to be 
, 

¡effected. The incidence reached a maximum within ten days, and 

hen declined rapidly into a chronic stage lasting several 

onths ane exhibiting secondary invasion with pyogenic bacteria, 

taphylococci and coliforn organisms predominating. Treatment 

ith kerosene oil produced marked, improvement. Three months 

Her/ 
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er the first case was seen in the lambs, the disease appeared 

ngst the ewes, when 28 out of 45' were found to be affected 

na thereafter it followed te course previously seen in the 

ambs, reaching a maximum in two weeks and then declining 

apidly into a long chronic stage. Other groups of sheep were 

azed on this same pasture and a very high percentage of tOese 

came infected. The disease seemed to be most prevalent tram 

Lay to Aovember, frost or low temperatures apaearing to prevent 

nfection. Sheep of all ages are susceptible, although lambs 

eem to become infected aore readily than ol(:er animals. 

The lesion of the natural disease is first noted as a small 

eaped-up scab on the leg between coronet and knee or hock, 

ten in the front of the coronet or near the pastern joint. 

ese initial lesions are apparently very smal/. Rough scabs 

hen develop and may spread to involve the whole limb even to 

.111 

bove the knee or hock, although usually remaining about 2 - 4 

. in diameter. The affected area loses its covering of hair. 

ost lesions heal in 6 weeks, a few persistent cases lasting 

anger discharging pus and occasionally showing papillomatous 

utgrowths. Aemoval of the scabs shows a number of bleeding 

points on a fleshy mass resembling a straweerry. Lameness is 

said to be rare and lesions normally Co not cause irritation, 

¡but severely infected animals do not make normal gains in 

eight. nhen the scabs fall, underlying scaly skin is 

evealed and hair grows again in a short while. A scar is said 

o remain if secondary infection occurs and pus forms. At no 

imel 
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time were lesions observed on the face or woolled parts of the 

body in natural eases. 

The disease can appear within 2 - 4 weeks of sheep or 

labs being put on to infected pasture. As the dried crus1 3 

remain infective for a long time, they can probably give rise to 

fresh outbreaes by inoculation into small wounds. No 

immunity appears to be produced and recovered animals can 

readily be reinfected experimentally. 

TheEealS.11. 
Macrosco Teal Appearance. The ineubation period of the 

experimental lesion proved to be i - 2 days, by which time a large 

number of enall yellowish pustules each about the size of a 

pinhead ha kl appeared, their distribution conforming to the area 

of application of the inoculum, as they were not confined to the 

actual line of scarification but spread out on either side of it 

for a distance of about 0.5 cm. There were only a few pustules 

actually on the scar, and this distribution of the lesions 

might indicate the greater affinity of the infective agent for 

the follicles from which the wool had been recently plucked 

rather then for the scarified line. The area of the skin 

covered by the pustules showed erythema. 

Twenty-four hours later the pustules ha e enlarged and 

many had become apparently confluent, erythema still being 

noticeable at their periphery. 

By three days the area had a rather moist soft yellow 

covering which could be stripped off in pieces with some slight 

difficulty,/ 
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difficulty, leaving a raw wet surface below which did not bleed 

On the fourth day this covering had thickened and become 

cry and hard, forming a crust over the entire area showing 

fissures in a few places. Removal at this sta!_le and later 

required more traction than before and exposed bleeding points 

on the raw surface beneath. 

In the following days this honeycoloured crust developed an 

irregular surface and became heaped up and extremely thick, 

hard and dry, and many more fissures appeared (these were 

probably caused by movement of the surrounding skin). 

At about ten days after inoculation the crust commenced 

to separate off, this process commencing at the centre and 

spreading to the periphery, being completed by about fourteen 

days, and leaving below it intact skin with a somewhat flaky 

surface. 

Lipssran. Twenty-four hours after 

inoculation several small superficial pustules were noted in the 

epidermis, one being situated beneath the scab on the line of 

scarification, the remainder however bearing no relationship 

to the scar. No other changes were observed in the epidermis 

at this stage. The dermis showed an infiltration of a few 

lymphocytes and eacrphages. 

Two days after inoculation the most striking change was 

the proliferation of the stratified SqUaTTIOUS epithelium, which 

had increased to about 5 - 7 times its normal depth. Mitotic 

figures were very noticeable in the cells of the stratum 

germinativum, which had assumed a palisade arrangement. Below 

and/ 



45. 

and lateral to the pustules the cells were widely separated by 

oedema. The pustules themselves had not increased in size, 

¡remaining small, localised and sparsely scattered throughout 

the section with quite large distances of intact epithelium 

lbeteeen them. A close examination of the stratum cornet= 

ioverlying the pustule aria of the surface of the scab over the 

scarification showed several clumps of eat appeared to be cocci 

in double chains and also a few filaments. In sections stained 

by haematorylin anc eosin these were almost invisible as they 

stained with the basic dye only very faintly. They stained 

well by Giemsa however, an also by Gram's method, being Gram- 

positive. The dery infiltration below the pustules showed 

lan 
increase in the number of macrophages, and the endothelial 

cells of the dermal capillaries were markedly swollen. 

By the third day epidermal proliferation had continued, 

the rete pegs and epidermis in the region of the hair follicles 

projecting downwards as thickened blunt fingerlike processes. 

t this stage the epidermis, in addition to showing marked 

roliferation also showed in the more superficial cell layers 

egenerative and necrotic chanees. V.hile the continuity of the 

akin surface remained unbroken the cells from about the middle 

ft the stratum malphigii upwards slowed; loss of affinity for 

the basic stain, their nuclei had either vanished or become 

le 

yknotic and shruken arid in some of the most superficial cells 

he cytoplasm had vanished leaving only the cell outline and 

pyknotic nucleus within - this gave an aoeearance resembling 

Irilf 

very mile degree only the reticular degeneration described 
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in orf and OPD previously. These changes did not appear to 

involve the epithelium of the hair follicles. Some polymorphs 

were observed in the papillary region of the dermis together 

with large numbers of macrophages. 4 fee clumps of cocoa 

chains were seen in the superficial layers of the scab but could 

be observed nowhere else in the section. 

At four days the surface of the epithelium showed crust 

ormation. These cruets were composed of polymorphe, coaeulated 

xuCate and cellular debris liberated by the rupture of the 

pustules. ieneath them some hyperkeratosis was evident. 

Yacuolation of the superficial cells of the epidermis had spread 
! 

slightly in a lateral direction. Lereal infiltration consisted 

of lymphocytes and macrophages in approximately equal numbers. 

By the fifth day hyperkeratosis was very noticeable causing 

Lonsiderable thickening of the crusts, which now showed layers 

keratin thrown up into ridges and foie. The pustules had 

isappeared and epidermal proliferation appeared to have 

cached a rataximin. The depth of the epidernis when measured 

t one point was 570k. , compared with the depth of normal 

pithelium whici is approximately 4O.. The increase in depth 

ms thus 14 times normal. The rete pegs and sheaths of the 

hair follicles formed massive thick projections into the dermis. 

Cellular infiltration of the dermis was almost entirely 

wanuclear, macrophages predominating but many lymphocytes 

lso being present. Commencing oroliferation of fibroblasts 

n the dermal papillae vas also noted at this time. 

Six/ 
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Fig425 Experimental SFR lesion 26 hours, ùomencing, 
dermal infiltration. U & E z '100 

Fig, 26 Expe Amenta3. am lesion La hours. kg ideraal 
proliVeration already obvious. Small accumulation 

of polymorphe below scab. H& E z 100 



Fig.28 Experinental SFR lesion 7.1 hour o. idarked 
epiderma1 proliferation and hyorkeratois H ee E 3c 100 



Fig. 29 Experimental SFR lesion 91 hours, Reticular 
degeneration confined to suj),:r.ficial epidermal cells. 

H & x WO 

Fig.") ExpeaAmental WU lesion 117 hours, Finger-like 
processes of epidermis projecting into demise 

Ti & E x 1 00 



Fig.31 :e;xperimental Sal lein 133 hours. Mick 
crusts produced by hyperkeratosis. lì & E x 100 

Fig.32 Experimental SFR lesion 170 hours, illUstrating 
epilerinal proliferation and thick crusts. 11 E z 16 
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Six days after inoculation the epidermis below the 

thickened crust was completely intact, all evidence of poly- 

morphonuclear leucocytic invasion and superficial cellular 

degeneration had disappeared, and its depth was becoming reduce 

as resolution proceeded. Cellular infiltration of the dermis 

was also subsiding. Clumps of cocci and a few filaments, some 

with a barred or beaded api,earaace, were still observed in a 

few places in the superficial layers of the crusts, but nowhere 

else in the section. 

Vesicle formation was not observed, and inclusion bodies 

were not seen in any of the sections. 

Failure to roduce ex erimental lesions with filtered inogglá. 

Abdussalam ano dlakemore (1948) stated that in a limited 

number of tests carried out by them the infective agent of SFR 

had passed a gradocol membrane of 0.69pLAOD, and that the 

resulting filtrate was infective for rabbits. 

Repeated attempts have ocen made in the course of this 

investigation to confirm this statement, but in all cases 

negative results have been obtained, using graeocol membranes 

of 0.69 - 0.73pLAreD, while control material gave positive 

reactions. It has therefore not been possible to proauce 

lesions with filtaates of SFR for comparison with those of orf 

and Ca, 

lalttizio eat gl.t3 LtaLism Laborato Animal 

In this investigation rabbits and guineapigs proved 

susceptible to infection with SFR. Harris (1948) was unable, 

to/ 
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to infect either of these animals, but Selbie and Robinson 

(1947), Horgan and Haseeb (1948) and Abdussalam and Blakemore 

(1948) all reported successful infection of rabbits and 

Abdussalam and inakemore (1948) were also able to transmit 

infection to guineapigs. 

Dried crusts from SFR lesions were suspended in nutrient 

broth and inoculated into the shaved skin of rabbits and 

guineapigs by scarification. Two days later the skin was 

congested, and on the third day swelling of the inoculated area 

as observed. Numerous small confluent pustules formed on the 

lines of scarification at four days, and by six days yellowish 

crusts covered the lesions. These became thickened, dry and 

brittle, and had fallen by about the tenth day, leaving a dry 

surface underneath. 
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Discussion 

A consideration of the descriptions of the lesiono in 

natural cases of orf, CPD and SFR shows a very close similarity 

to exist between all three conditions. Clinically, OPD is of 

course readily recognised by its predilection for the lips and 

nostrils, but ori and SFR so closely resemble each other in 

appearance and anatomical distribution of the lesions as to be 

indistinguishable. 

The experimental lesions, on the other hand, are identical 

in the cases of orf and UPD. in ail respects - incubation period, 

rate of development and progression through the stages of 

erythema, papule, vesicle and pustule, while SFR presents a 

characteristic and easily recognisable relatively rapid-forming 

eruption of tiny pustules which are not confined to the 

original scarification, vesicle formation does not occur, and 

maximum severity is reached by about 4 days as opposed to 6 - 7 

days in orf and CPA. 

Histological comparison 'confirms the identical nature of tie 

experimental orf and CilD 'lesion, and emphasises the difference 

between them and the lesion of experimental SFR, in which one 

of the most striking features is the remarkable degree of 

epidermal proliferation, which caused Harriss (i 948) to name 

the disease Proliferative Dermatitis. leticular degeneration 

of the superficial epideraaI cells is also a differential 

characteris-io, remaining minimal in SFR, while becoming intense 

iv 
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in orf and agil, in addition a filamentous organism has been 

observed histologically in the crusts and superficial epidermal 

cells of SFR lesions .vfnich has not been demonstrated in those of 

orf and G21). 

Salyi (1939) and Abdussalara (1948) both described. intra- 

cytopla.anic inclusion bodies in the epidermal cells of 3 - 1. 

day experimental lesions of Cli->1:! in the sheep. No inclusion 

bodies of any kind have been seen in orf, GPI) or SFR lesions 

in the present investigation, although the histological 

sections examined have been stained for the purpose by Giemsa. 

phloxine-tartrazine (tiendrpra 1947) and haernAtoiarlin and eosin 

using the prolonged eosin method. f'dacdonaid (1954) was also 

unable to demonstrate intracytoplasaic inclusion bodies in the 

epidermal cells of sheep ex:serimenta3.1y infected with GPD. 

Orf and Oi-T lesions produced by gradocol inembralao filtrate, 
apart from slight lengthening of the incubation period, differed 

in no respect from those produeed by ordinary crust emulsions, 

thus proving that in the experimental disease bacterial 

contamination is not a factor which plays any simificant part 

in determining the structure of the lesions. The fact that 

SFR crust emulsions could not similarly be passed through a 

coarse gradocol membrane filter is an important differentiation, 

and at once indicated that the etiological agent did not belong 

to the filterable viruses. 

failure of orf and CPI) viruses to produce lesions in 

gujneapigs and rabbits was also in contrast to the ease with 

which SFR material infected these animals. 

The/ 
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The experimental work described in this Section has 

therefore demonstrated that orf and CPD are identical in their 

pathology and pathogenicity. 6FR, however, resembles these 

diseases only under natural conditions, and is readily 

distinguished from both in the experimental animal and by its 

failure to pass a coarse gradocol membrane . 

with regard to am itself, sNeral points arise which requ 

statement and discussion. A. is not understood why Barris 

(f 948) Should emphasise one of the differential characteristics 

of the disease by naaing it '.2roliferative Dermatitis', and yet. 

at the same time state that clinically and histologically it 

was indistinguishable from Glover's (ï 928) descriptions of 

contagious austular dermatitis. lixperimental lesions were not 

described on the flarik of the sheep by Harris, who only 

carried them out on the coronet and lip and produced wart-like 

growths appearing on the 4th day and persisting unchanged for 

30 . 60 days, which he said were identical with the natural 

lesion. Horgan and flaseeb (i 948) and Abdussalam and Blakemore 

(1943) both produced experimental SFR lesions on the 

flanks of sheep and rabbits Which, after an incubation period 

of two days, showed erythema and pustules, developed into a 

confluent honey-coloured crust by four days and resolved 

rapidly, the crusts failing by ten to twelve days. The descritions 

given by these authors therefore agree closely with the appe 

andCbveloament of the experimental lesions produced in sheep, 

17 rabbits and guineapigs in this investigation, and it is of 

interest then to note the sources of their original material. 

Horgan/ 
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Horgan and haseeb obtained. infective SFR crusts from Dr. F. R. 

Selbie of the Bland-Sutton Institute of Pathology, Liondon, who 

had received his material from harriss and meintained it by 

passage on rabbits, a species noted for the resistance it offer 

to infection with orf virus. Horgan and Baseeb did not record 

the carrying out of any bacteriological or histological examina 

tions or filtration experiments with this material which could 

be covered with the results obtained by these methods in this 

work. 

Since there is such a close clinical resemblance between 

natural SFR and natural orf, it is quite possible that a nuMber 

of cases in harriss's outbreak may in fact have been orf either 

@one or in combination with the infective agent of SFR. This 

could account for his statement that SFR and orf were also 

similar histologically. As Dr. Selbie passaged his 6FR 

material on rabbits it is likely that if orf virus was 

originally present it would not be transmitted by such passage 

(harries himself failed to transmit the disease to rabbits and 

guineapigs), and the material received from Selbie by Horgan 

and haseeb would contain no orf virus but only the infective 

agent of SER. 

It may be appropriate to mention here that harriss did 

not apaear to be familiar with -3J2Fler. Orf, since all his 

comparisons 
.. were made with OFD which he correctly stated to 

be a disease primarily of the lips. Be does not mention a 

similar disease, i.e. Border Orf, primarily affedting the legs 

of/ 
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of Sheep which mould have afforded a very much closer compari 

with SER.' 

Abdussalam and Blakemere obtained their infective material 

directly from Harriss, who suoplied them with dried scabs from 

natural and experimental cases of SFR in sreeo, which, continu 

on the are assumpt ion, might have contained some ore virus in 

addition to the infective agent of 6FR, and could thus account 

for successful filtration exoeriaents. 

Finally, the material harriss supolied for this investigat .n 

contained no of virus, since from its first passage on sheep i 

produced the typical and distinctive reaction which has been 

described. 

At the conclusion of Section IV, however, a description 

is given of a case, said to be typical of natura]. SIPR, seen at 

the Rowett -Research Institute which was later proved to be a 

case of orf, and which thus lends some support to the 

suggestions put forward in this discussion. It Should perhaps 

be added that it was not possible to discuss this case 

personally with Barriss as since carrying out his work on STIR 

at the Rowett Research Institute he has held a post in the 

South of England for some years. 
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S&UTON III 

The Infective Agents of BordeEEL_2i9igAtstular 
'mat±tis and Strawberry Foot 

a A do.zi)arison of thellrjamiail,t2;?erties. 

Introduction 

The virus etiology of CPI) pas first discovered in 1923 by 

ud, who observed that bacteria-free filtrates of infective 

taxberial uere capable of reproducing the disease. he stated 

owever that positive results were difficult to obtain using 

such filtrates. His findings were confirmed by other workers 

different parts of the world (Glover .1926, hoparth 19292 

Zeller i920). The virus itself has since been isolated in 

mrifeci foiti and studied by Abdussalam (i 948). 

The salue virus has been assuued to be the cause of orf on 

ocount of the close relationship of the two conditions, but, 

iss 

far as a search of the literature has disclosed, this virus 

l 

s never before been isolated frai oases of orf and studied in 

he pure state. 

As mentioned in the General Introduction the infective 

gent of SFR has not previously been isolated, but a virus 

tiology was suggested by Harriss (j 940) and accepted by Horgan 

d haseeb (j 948). It was L-4ecided therefore to submit material 

ran SFR to the same exsidnations as the waterisl from orf and 

D in order to determine whether evidence of virus etiology 

mid be obtained. This section describes the results of 

he exa"inations. 
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nstained Tissue iire)arations. 

Unstained wet preparations were made from experimentally 

infected sheep 3 - 4. days after inoculation, and examined under 

the darkgroundmicroscooe. These however were found to contain 

tissue debris to an extent which rendered them unsuitable for 

studying particles as small as virus bodies. 

-'tained Tissue Predarations. 

To prepare these, the fluid contents of the vesicles from 

ambs experimentally infected with orf and CPI), and the contents 

f the pustules from lambs infected with SFR, were obtained by 

gently curetting the lesions at the appropriate stage (the 

fourth day in orf and CPI), the second and third days in SFR) 

ith a blunt sterile scalpel and smearing on to a slide. 

These sears were allowed to dry in air, placed in 

distilled water for 3 minutes, dried in air, fixed in ethyl 

alcohol for 5 minutes, then treated with ether and allowed to 

7+ 

Staining methods employed were Paschen (i 906, 1913), dilute 

arbolfuchain, modified Zdehl-Neelsen, Giemsa,and.Morosow's 

(1926) modification of Fontands method. 

In all cases the staining reactions and morphology of the 

lementaxy bodies of orf and CPD viruses were identical so both 

ill be described simultaneously. 

Paschen!s Nethod:- Orf and OPD. This proved to be by far 

he most satisfactory method of staining the elementary bodies 

E.B.$) of these viruses, although great care was necessary to 

revent/ 
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prevent the mordant_ and. the stain depositing on the slide due to 

verheating or not washing 'long enough after application of the 

rdent. Consistent results were thus not easily obtained. 

effier's mordAnt rio2aufaetureil by Ho llboxn of Leipzig gave 

xcellent results but unfortunately became unobtainable and 

tler 
varieties d were less reliabl e. l e .Stnears stained by 

hisatods 
-iameter, stained a deep pink colour, and commonly grouped in 

airs and occasionally in threes. (Fig.., 33 ) ...2 

SFR. 6..lears from this condition__ stained by Paschen's. 

method showed nothing reseaibling virus pa.rticles. Numbers of 

large cocci about the :size of staphylococci were observed singly 

end occasionally in pairs. 

Carbol Fuchsia,:- Orf and CPD. This stain v2as used in an 

:ttempt to find a method of staining E.b.s which was without a 

endency to deposit on the slide. Strong (.Ziehl.Neelsen) 

carbol fuchsin was diluted with three times its volume of 

distilled water, filtered on to the slide and left unheated for 

ten minutes or longe:/.... Certainly there V10.$ little tendency for 

artefacts to fora, but the L.B.s only took on a very faint pink 

colour, the intensity of staining being much less than that in 

a good Paschen-stained smear. The merits of this method were 

simplicity and freedom from artefact. 

SR. As before., no evidence of virus particles vas seen. 

The cocci seen with Paschen's stain were again observed. A 

vexy few frafgaents of a filamentous organism were also seen, 

which/ 
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Fig.33 Smear of vesicle fluid from experimental orf 
lesion, showinc, elementary bodies of orf virus. 

L'iany can be seen in pairs. Paschen x 1500 
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which exhibited branching.. They were about 1).1. in thicimess 

and 10 - 201.4. ;la length. 

Modified Ziehl-Neelsen Method;- The procedure for this 

stain was as follows:-. 

1) Dilute carbol-fuchsin filtered on to the slide and 

left unheated for 10 Lainutes. 

2) A brief deeolourisation with 0..t acetic acid. 

3) iviethylene blue eounterstain filtered on to the slide 

and left for 30 seconds. 

Orf and GPD. The E.B. s stained extremely faintly with the 

carbol fuctisin, their affinity for the stain being too weak 

for practical purposes. Under darkground illumination, however, 

they appeared more distinctly with a pale green colour. 

SFR. Again the modified Z-N stain demonstrated no 

evidence of virus particles, either with direet or darkground. 

illumination. The cocci and the few filaments observed took 

up the methylene blue ounterstain. 

Giezza Uri" and 041). The E.13.8 showed only a very slight 

affinity for this stain, and were difficult to discern using the 

microscope with direct illumination, in spite of prolonged 

staining.- With darkground illumination, however, they appeared 

more clearly with a pale green colour similar to that obtained 

with the modified Z -N stain. 

am. No virus particles we.c observed. cocci and 

filaments stained blue with direct 

.1-,jorosow's iAodification of Fontana's i'iethod:- This method 

proved/ 
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roved- quite unsuitable on account of the readiness with which 

artefacts closely resembling virus elementazy bodies could be 

roduced. 

aermentarxBions of Orr and U2D Viruses. 

Materials and ethod:- The method used was based on that 

described by L:ralgie (1932) for the production of vaccinia E.B. 

suspensions. Five day old orf lesions were harvested from the 

flank of a Ohevlot hoge), and ground up to a fine emulsion in 

5 c.c. sterile nutrient broth. 5,000 international Units of 

calcium penicillin viere added to eliminate bacterjn1 contaminat . 

as far as possible. This suspension was allowed to stand at 

for five hours, and was then applied to the 

lucked flank. of the lamb by means of a sterile swab. The 

rea of skin had been previously prepared. by swabbing with 

lcohol, washing tdth soap and waters, then swabbing with ether, 

insing with water, allowing to dry and scarifying with a series 

f close lines made with the point of a hypodermic needle using 

n'ly light pressure. The wool surrounding the area was clipped 

well back from the plucked area to avoid adherence to the 

lesions. 

By the fourth or fifth day after inoculation vesicles were 

onriuent over the whole area, and at this stage the number of 

lementary bodies was at a makimum in the fluid contents of the 

vesicles, as evidenced by the large numbers visible in Paschen- 

stained smears. The most satisfactory procedure for harvesting 

vas then to destroy the lamb, remove the affected area of skin 

4,1 
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and Pin it to a board. For economic reasons this was not 

always Possible, and in the case of older lambs they -were 

anaesthetised. and held on a table by two attendl4nts while 

harvesting was carried out, In either case a smPli amount of 

^clivaine'S citric acid-disodium phosphate buffer solution 

(0.004. M and ph 7.0) was dropped on to the infected skin surface 

and scraped gently with a. blunt scalpel. The resultant pulp 

of epitheliun, vesicle contents and buffer solution was 

transferred to a mortar and pestle using a spoon. More buffer 

as applied to the skin which was again scraped. The scrapings 

ere bulked, ground up to a fine suspension and made up in 

(du= to 20 c.c. with buffer and shaken vigorously in a corked 

ottle with glass beads for 30 minutes. The suspension was 

then allowed to macerate in the refrigerator at 4?0 for 3 hours, 

After which it was further ground up in a Griffiths tube and 

stood overnight in the refrigerator. 

The following day the suspension was first centrifuged for 

minutes at 1500 r.p.m. on the horizontal centrifuge to throw 

un gross tissue debris. The supernatant was decanted and 

ved, the deposit was resuspended in 10 c.c. buffer solution 

.nä centrifuged again for 5 minutes at 1500 r.p. on the 

orizontal machine. The resulting supernatant was then 

-canted and pooled. with the first supernatant to fora. the 

rude E.B. suspension. 

This crude suspension was centrifuged for 3 hours at 500 

.p.m. on/ 
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rlfuge in V x -10 test tUbes. The supernatant 

mas removed, the tubes me_le inverted on filter paper and 

allowed to drain, fat being removed from the sides of the tUbes 

by sterile cottonmool swabs. The deposit was resuspendedin 

10 c.c. buffer solution and recentrifuged at 4500 r.p.m. for 

3 hours. This procedure was carried out in all three times to 

mash the Z.B.s, and-the final deposit was resuspended in 10 c.c. 

of 0.08% NACU containing i part in 50 of AcIlvaine's buffer 

solution of ph 7,2. Thorough suspension was ensured by 

drawing and expelling through a level-ended Pasteur pipette 

held against the foot of the test tube.. (For serological 

work described in Section Inc)) aog of sodium aside was added 

as a preservative.) Smears made from this final suspension 

and stained by Paschen's method showed numerous_ E.R.s, and it 

was therefore eentrifuged at 2000 r.p.m. for 5 minutes on the 

horizontal centrifuge to throw down arg residual tissue debris. 

The supernatant was drawn off by a Pasteur pipette, and formed 

the purified orf elementary bedy suspension, which was an 

opalescent fluid witha. bluish-white colour. 

aup elementary body suspensions were also iade by using 

this technique. 

Examination unuer Larkumund Illumination:- Preparations 

re made by placing a drop of the L.B. suspension on a thin 

slide and covering with a uoverslip which was sealed with a 
1 

ixture of equal parts of paraffin wax and vaseline. Under the 

darkground microscope Brownian movement was obvious in fresh 

reparations,/ 



preparations, the E.B.8 themselves being non-motile and 

gradually adhering to the coverslie or slide after some hours. 

The E.Bes of orf and 'D were identical in morphology and 

appearanceIxeing round or slightly ovoid and exhibiting a 

slight greeniSh.Tellow colour with this type of illumination. 

In size they appeared about 003)1. in their longer dimension. 

Stained Preparations. These differed in no respect from 

the stained tissue smears previously described, except in the 

absence of tissue debris and the larger number of E.B.s present* 

The arrangement of many in pairs and of some in groups of three 

was again noted. The stain of choice again was that of 

Paschen. (Fig* 34) 

Through the kindness of Li.. 

R. H. A. Swain of the Dacteriology Lepartment of Edinburgh 

University it was possible to Obtain electron micrographs of 

orf and CLID 11;.13. suspensione. Specimens were prepared by 

Dr. Swain as follows:- A small drop of the E.B. suspension was 

placed on a copper grid covered with a collodion membrane* 

After drying over calcium chloride the specimen was washed in 

two changes of glass.Pdistilled water to rerove the deposited 

salts. The preparation was then shadow-cast with a vapour of 

gold palladium alloy (60 per cent Au, 40 per cent ea ) at an 

.gle of 30°. 

A portion of the E.B. suspension in each case was 

inoculated on the scarified flank of a susceptible lamb. 

fypical lesions were produced, thus cenfirming that virus was 

present./ 



Fige314. Elementazy body suspension of orf vini. 
Paschen x 15(X) 



Fig.35 Ilectron micrograph of elementary bodies 
of orf virus. z 33,000 

Fig.% Ueotron micrograph of elementary bodies 
of ori virus. z 33,000 



iileoUron LAicrograph of elementary bodies 
of 02D virus. x 33,000 

Fig.38 Electron mieroaph of elezentary bodies 
of CA) virus. x 33,000 
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close similarity in morphology between the E.B.s of 

orf and OPD is very apparent in these electron :qicrographs 

(Pigs. 35, 362 37, 38)e in both cases the E.B.s were 

coccobacillary in shape, with an occasional cocoa]. form. Some 

were seen in pairs, but this could merely be a chance arrange- 

ment. No details of internal structure were di,cernible. 

The mean size of the elementary bodies was calculated from 

the micrographs to be 270y x 163y for orf, and 290y x ia0mti 

for UPI). 

Examination ofjILALLTlyLamEmaterial from SI R lesion 

Although the examination of stained tissue smears carried out 

and described above had shown no evidence of the presence of 

E.B.s in Sl R lesions, it was decided to treat material from 

, experimental SFR lesions empirically and to produce a suseensio n . 

using the same technique as for the E.B. suspensions of orf and 

OPI?, Which could be examined for the presence of virus particle 

and also used as an antigen in serological work. 

The procedure was exactly the sanie as that described under 

'Elementary Body Suspensions of Orf and LIED Viruses" anart from 

one detail, whichwas that the inoculum used to produce the 

lesions was not treated with penicillin, as it had been 

discovered by experience that the infective agent of SFR was 

inhibited by this antibiotic (this sensitivity to penicillin 

will be described in detail later). The experimental SFR 

lesions were harvested at 3 days and the material obtained was 

treated/ 
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treated as previously described. 

The resulting suspension was a greyishWhite opalescent 

fluid similar in appearance to the E.B. suspens]ons of orf and 

CPD. 

Examination of this suspension under the darkground miero 

showed no evidence. of a large nuMber of particles of uniform 

Particles of varying sizes were seen, but did not present the 

camon size, shape and colour which a nurified suspension of 

S.B.s would be exoected to show. 

Stained smears of this suspenoion contained a few Gram.. 

positive cocci of varying size, usually small (approximately. .. 

0.5 - 006FLin diameter) and sometimes occurring in pairs. A 

few fragpents of a filamentous organism showing branching and 

which took up the Gram's stain in an irreguler manner were also 

seen. 

Zmears stained by Paschen, Glemsa and modified Ziehl- 

Neelsen methods were negative for E.B.s. 

Electron micrographs were taken of this meterial, with 

negative results forE.B.s in all cases. 

/Ismail portion of the suspension was applied to the 

plucked and scarified flank of a lamb. NO reaction occurred 

until the fourth day when the area shoved erythema, and on 

closer observation an eruption of typical tiny yellowish 

pustules was seen to be commencing0 in three days time crusts 

had formed over the area. The reaction was therefore typical 

of SFR with the exception that the incubation period had been 

greatly lengthened. 

'radoco 



G4. 

IGradocol Membrane Filtration. 

In the course of this investigation the viruses of orf and 

' D have been passed on many occasions through the gradocol 

Mbrane type of filter described by Elford (1931). The 

echnique uns similar to that described under "Zethods used in 

he production of exoerimental lesions° except that in addition 

the clarified suspension, after the removal of a small amount 

For 
control purposes, was divided into four equal amounts of 

bout 5 c.c. each Each of these amounts was passed through a 

Tedocol membrane of different average pore diameter, the sizes 

being 0.7, 0.6, 0.5 and 0.4-ji . To test for the presence of 

irus the filtrates were anJied to the plucked and scarified 

lanks of susceptible Oheviot lambs, a portion of the original 

Unfiltered suspension always being, retained and applied to a 

imilar area on the lamb's opposite flank. Guitures viere made 

rom each filtrate into glucose and nutrient broths, and 

cubated for 48 hours at 3700. Results were only assessed 

fter it had been ascertained that no bacterial growth had 

ccurred in these cultures. 

The filtrates were prepared from both dried crust suspensi s 

d suspensions of fresh material harvested directly from four 

lesions. The results mere identical from the dried and the 

fresh material. 

Orf and CFI) viruses behaved in an identical mannern both 

assing 0.7, 0.6 and 045fLmembranes as indicated by the product n 

f typical lesions, but both failing to pass the 0.4 1r membrane, 

hic4/ 
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fihich is therefore the limiting membrane. 

According to the method described by lford (1933), the 

ize of both viruses is therefore within the ran ue 200 - 300 mt. 

.11 

As previously described in Section II the infective agen 

f SER failed to pass filters of 0.7)1 average pore diameter. 

e Effect of Ether. 

The fact that CPI) virus is unaffected by treatment with 

ther for periods of up to twelve hours was demonstrated by 

nnett, Horgan and haseeb 094/0, who used this technique for 

ducing the bacterial content of material harvested from CPI) 

es ions 

Horgan and Haseeb (i 948) discovered that similar treatment 

with ether for twelve hours inactivated the infective agent of 

SFR. This fact was confirmed by Abdussalam and i3lakemore (1948 

ho stated that treatment for five hours with ether was sufficie t 

o inhibit the infective agent of SFR. 

An experiment was therefore carried out to compare the 

ffect of treatment with ether on the infective agents of Orf, 

PD and SFR, using the method described by Bennett, Horgan and 

i.aseeb (1944). 

0.05 gm. each of dried crusts of orf, eel) and SFR were 

ighed out and ground up in separate sterile mortars with 5 c.c 

minion. i c.c. of each of these 1:100 suspensions was set 

side as a. control. To the remaining 1+ c.c. of each, 0.5 c.c. 

f ether was added and the suspensions well shaken up in small 

deGartney bottles with screw cads and rubber seals. These 
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and the controls were put in a refrigerator at 2°C for 5 hours, 

after which the ether vas removed by bubbling filtered air 

through the suspensions for 5 minutes when no smell of ether 

remained. The etherised suspensions and controls were then 

applied to the plucked and scarified flanks of a susceptible 

lamb. 

On examination four days later the control areas showed 

typical lesions of orf, OD and SLR. The orf and OPD etheri 

suspensions had also produced typical lesions, but the area 

inoculated with the SER etherised suspension shoved no reaction 

at all. 

This experiment therefore confirmed that the infective 

agent of WR is inhibited by 5 hours treatment with ether, while 

that of CPI) resists such treatment. The virus of orf behaves 

in an exaptly similar manner to CPI). 

Sensitivit to Penicillin. 

In this investigation penicillin has been used as a routine 

method of reducing bacterial contamination in suspensions of orf 

and CPI) viruses, and the technique has been described under 

*Methods of Production of Experimental Lesions". Calcium 

penicillin at a strength of 4,250 units per c.c. was added to 

1:500 suspensions of infective orf and CPI) crusts for periods 

of up to 18 hours at room temperature, but usually of L. - 6 

hours, after which the suspensions in every ease produced 

typical lesions on the flanks of susceptible lambs when the 

usual/ 
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usual incubation period of two days had elapsed. At no time 

was theee any indication that penicillin exerted an idhibitory 

effect on either of these viruses. 

Similar treataent of suspensions of SFR, however, indicate 

that the infective agent was inhibited by penicillin. It was 

noted that when penicillin was added in the strength mentioned 

above very eoor 'takes' resulted on the lambs, and aecordingly 

an experiment was carried out to deternine the effect of varyin 

amounts of penicillin on the infective agent of SFR:- Five 

I cac® amounts of al in 250 suspension of SFR crusts in 

bouiio veee distributed in smali sterile screweapped.Mo0artne 

bottles. To each of these was added 1 c.e. of penicillin 

eolution, the strength differing in each case and varying from 

20 units up to 6,000 units per cou. This gave a final 

suspension of 1 in 500 SFR crusts and peniciliin concentrations 

of 10, 100, 1,000, 2,000 and 4,000 units per e.e. The bottles 

were then alloyed to stand at room temperature for four hours, 

when the suspensions were applied separately to five plueked 

areas on the flank of a lamb. A control suspension of 1 in 

500 SIR (unereated) was applied to a plucked area on the epposit 

flank, Forty-eight hours later the lamb uns examined and the 

following results obtained:c. 

Done Unite of Penicillin per e.e. 10 100 1000 2000 4.000 Oontrol) 

Severity of Lesion +44+ +++4. +4. 4- 

4+44 = Gonfluent eruption. 4.4. = Scattered pustules. 

= Few isolated eustulee. 

These/ 
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These results show that concentrations of penicillin of 100 

units per c.c. and over exert an inhibitory effect on the 

infective agent of SFR, and explain why poor 'takes' were 

obtained on lambs when SFR suspensions containing 12250 units 

penicillin per c.c. were used. 

Resistance to Lesleation and Stora-ye. 

It has already been mentioned in the General Introduction 

that the virus of CPD present in the crusts from the lesions of 

the disease exhibits a high degree of resistance to desiccation, 

and also retains its virulence after storage for long periods 

of time. Many Previous workers have remarked on these 

important of OPD virus, amongst these being iart et 

al. (1949) in Australia who claimed that OPD scabs proved 

infective after 151 years storage at rooii temperature. 

During, the course of this present work, infective scabs of 

orf have been collected from field outbreaks, powdered, 

desiccated over calcium chloride, ampouledwad stored at 0 to 

4?O. When tested later for potency after periods of storage 

varying frau 3-1 to 6 years, these scabs have produced 

typical lesions on susceptible lambs, indicating that the 

resistance of orf virus is of the same high order as that of 

Harris (1948) rioted that the infective agent in SFR crusts 

also remained highly virulent for lotw, periods (one year 

experimentally). Abdussalara and Blakemore (1946) mentioned 

that/ 
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that infective scabs of SFR kept in buffered glycerol were 

viable when tested 14 montLs later. 

During this work infective SFR crusts have proved viable 

when tested for potency on la-Lbs after storage for 46 months 

at 0 to 

All three infective agents therefore share the properties 

of resistance to desiccation and long periods of storage. 
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11111.11.110:60GIOAO STUDIES 

troduction. ------ 

The only recorded luaunologioal work on orf is that of 

lover (1932-33), to which reference was made in the General 

Introduction. There a.:-e no other pUbliShed accounts of cross-- 

immunity tests or serological comparisons between orf and UPI). 

On the other hand a considerable amount of experimental wor 

ias been carried out on the imaunological relationship of 

ifferent strains of ORD virus, mainly by Glover (19280 1932-33) 

tri d horgan and ilaseeb (i 947a, 1947b). Results indicated that 

'he strains examined were either identical or very closely 

7ated. 

Immunological work on SFR has been recorded by harriss (19 

gan and Haseeb (1948) and Abdussalel,1 and Blakemore (1948). 

esults show some conflict of opinion. Harrios stated that Si 

fection conferred no illounity whatsoever, even against 

-.infection with SFR. Horgan and Baseeb claimed that imamity 

las produced against reinfection when the sheep were tested with 

he homologous strain some 3 nees later, but that there was no 

ibrotection against OA). Abdussalam and Blakemore noted that 

Infection with 02D conferred a transitory immunity to SFR. In 

the one experiment they carried out on reinfection with SFR a 

pat was reinfected 35 days after the first infection, developin 

an "accelerated" reaction. 

The experimental work described in this Section was under- 

akerV 
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taken to study by reinfection and cross-imunity tests the 

irmwanity produced to the homologous infection in orf, U2D and 

SFR, and also the immunological relationship of these three 

diseases to each other. in addition serological tests werzt 

carried out With orf and .PD material to determine the amount 

of complement-fixing antibody produced in immune and 

hyperimalm animals. 

The Immunit. Produced in the shea) b Lxperimental Lnfectior 

Orf Virus 

with 

In order to demonstrate the immunity produced by experimental 

infection, seven labs wer, inoculated on the flanks with a 

1:100 suspension of dried crusts of Birkenside Urf. All sewn 

owe tdpieal reactions, and were therefore retested with a 

1:40 suspension of the sane strain of virus at intervals 

varying from i to 6 months later. Control lambs inoculated at 

the sane times pave typical positive reactions. 

the results obtained. 

Lamb No. 

TABLE II 

Interval between inoculations 

Table II -sho 

Jesuit 

22 1 month Negative 

If 1115 months Negative 

5 3 " Accelerated lieactio 

i 4 " 

io " 

i 9 4. " 

11 6 " 

+++ 

+++ 

Accelerated .Leact ion 

+++, Degrees or extent and severity or lesions. 

These/ 
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These results show that immunity is solid for a period of 

up to 3 months after infection, and that beyond this tine there 

is considerable variation in the reaction in individual lalIbs, 

but indicate that a degree of protection can be produced, 

possibly sufficient to protect against the natural disease for 

upto six months. 

92122.E.E2-5°n with 4114219,1/La2511-12212aAla_gliaaajaxmlmkaaaiAl 

Infection with OPD Virus 

In order to demonstrate the immunity produced by 

experimental infection, seven lambs were inoculated on the 

flanks with a 9:100 susdension of dried. Gat orusts. All 

seven gave typical reactions, and were retested with a 1:40 

suspension of the sane strain of virus at intervals varying 

from 1 to 6 months later. .'iontrol ladbe inoculated at the 
positive 

sanie times gave typical/reactions. Table III shows the result 

obtained. 

III 

Loaib No. interval between inoculations Result 

40 i month Negative 

2 11 months Negative 

8 2 Negative 

9 3 
0 Accelerated React 

6 4 0 
4. 

3 44- 
It Negative 

21 6 A + 

Mild reaction with only a few pustules developing 

The 

n 
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These results follow the pattern described for immunity 

produced, by experimental or-f indicating that :LI:Amity is solid 

for a period of about 3 months, after which some variation is 

apparent but that sufficient protection is probably afforaed 

to proteot against the natural disease for up to six months. 

ImeitLjamivata in the sheeo b erimental Infection mithS 

Previous work carried out on this subject has been fully 

described in the introduction to this section. 

In order to demonstrate whether or not any inuunity was 

produced by experimental infection with S1, three larribs mere 

inoculated on the flanks with a 1;100 suspension of dried SFR 

crustl All three gave typical reactions, and mere retested 

by inoculation of a similar 1:100 suspension of dried SFR crust 

as Shown in Table IV. Two of these labbs received a ftwther 

inoculation of a similar suspension. In ail cases typical 

reactions had occurred two days after inoculntion, and all 

were of the same degree of severity as the initial reactions. 

These results showed complete lack of iamunity in all three 

animals. 

Table 

Reaction Reaction Reaction 
to ist to 2nd to 3rd 

Lezib NO,, Inoculation interval Inoculation late:m.11 Inoculation 

14 444 10 months +++ 21 days 444 

15 ++4- 7 " 21 +++ 

31 44+ 21 days 

+44 = confluent pustular eruption. 
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munit - Tests 

a) test for °roes-jar:unity between the viruses of orf and 

02D, four lanbs recovered from typical experimental orf and 

five lambs r.ec*vered from typical experimental Gi'D \eve used. 

The Dirkenside strain of orf and the Cambridge strain of Gab 

were used to immunise thee la:lbs. At varying intervals 

after recovery they we-re all challenged with both these strains 

and also with two -field strains, of orf, one field strain of 

GM, and one strain of orf froa a human case. A control laii) 

was also inoculated with all six strains. The results are 

given in Table V . From these it can be seen that in Imam 

27 and 3- recovery from experimental infection with Birkenside 

Off has afforded protection of a high degree against all the 

challenging strains of virus, and that this protection peraiste 

for at least 69 and 131 days respectively. 

In lambs 29, 28, 309 25 and 32 recovery from experimental 

infection with Cambridge CPD has likewise given a high degree 

of protection against ail the challenging strains of virus, . 

persisting for up to 1130 days after inoculation of the 

immunising dose. 

Lambs 33 and 26 however, immunised against Birkenside Orf, 

gave no indication of protection against the homologous virus 

or any of the challenging etrains, and gave comparable 

reactions to those of the control lamb. For this anomalous 

result no explanation could be found. 

It was also noted that in each lanb, regardless of which 

virus/ 
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virus had been used for imnunisation, the degree of protection 

provoked against all six challenging strains was very nearly 

the same. 

In order to determine whether immunity to orf or CPI) 

afforded any protection -against infection with SER, five labbs 

were used. Two of these had been previously inoculated with 

both orf and 02D1 two had been previously inocritAted with or 

only, and one had been previously inoculated with three field 

stradre of orf Typical reactions to these inoculations 

had occurred in ail cases. At varying intervals afterwards, 

these la=s were reinoculated with a 1:100 emulsion of SER 

crusts and also with a 1:40 emulsion of orf crusts. 

The results shown in Table VI demonstrate that immunity to 

orf or 021) afforded no protection against il.fection with SER. 

Table VI 

Ladb immunisinL1 Interva1 in, days .;1-lallpian inoculations 
o. virus - etween imninising challers Birkens ide 

Ore 

birkenside j L. Accelerated 
Orf, ,-;abridge aeact ion. 
OPD 

20 ++4. 

Field Orf 
111 2 42 4.44 

19 VI 

Dirkenside Orr 150 +44 

" 
150 +++ 

+443 +4.) = Degrees of extent and severity of lesions. 

- = No lesion after inoculation. 

.00 
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The Conoleraent Fixntion Test 

As mentioned in the introduction to this ,:fiection, no 

serological work on orf has been published. The complement 

fixation test in C21), on the other hand, has been employed by 

severa1 workers, both as a means of confirming diagnosis 

(Manley 1.934, Blakemore et al 1948, flacdonald 1951), and to 

measure the immunity prnduced in experimental infections 

(knaud '1923, c41over 1932-33) witn varying degrees of success. 

Glover stated that many serum samples from recovered lambs were 

so poor in antibodies that often it proved impossible to detect 

appreciable fixation. i-;learcut fixation was however obtained 

using hyperimmune laafb sera. 

The conplement fixation test was used in this work to 

confirm that specific complement-fixing antibodies were likewis 

demonstrable in sera from orf-immune and hyperimmune s$ 

and to determine the extent of cross-fixation between orf and 

CPD. In addition antibody absorption tests were performed to 

discover whether or not the antigenic constitution of the two 

virus strains used was identical. 

Materials and .,,Iethoda. 

kntigens: Two types of antigen were used:- 

1. The crust emulsion antigen described by Caover (1932- 

33 ) , which/ 
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which had the great benefit of being simple and cheap to 

prepare. A meighed amount of dried scabs fro experimental 

lesions was ground with forty times its weight of normal &Aline 

solution. The emulsion was transferred to a sterile corked 

bottle containing a few drops of ether and alloyed to macerate 

at 37°0 for seven days, the supernatant fluid thenteing drawn 

off by a pipette and censtituting the antigen.- When required 

for test 5.0 c.c. of this fluid was diluted with 7.5 c.c. 

normal saline solution and was used in amounts of 0.1 c.c. per 

tube.. This antigen did not prove anticomplementaey when used 

in this manner. 

2. The purified elementary body suspension, the preparation 

of which was fully described in Section Ma This was more 

difficult to prepare and much more expensive, usually necessitating 

the slaughter of a ImUb for each batch of antigen. This was 

also used in amounts of 0.1 c.o. per tube in the actual test, 

and did not prove anticomplementary in this amount. 

In addition to these, two control antigens were used. The 

first of these was an antigen mde in the same manner as 

antigen (1) above. noreal sheep's flank was plucked, 

scarified and inoculated with a pure culture of an 1 
haemolytic staphylococcus isolated from ore cruets. When the 

lesions had healed and crusted: over, these crusts wee made intO 

WI antigen* This antigen therefore contained in addition 

to staphylococci, much skin debris and was used to detect any 

nonspecific fixation of complement. 

The/ 
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The second. control antigen (C2) was a pure staphylococcal 

one prepared from a 20 c.c. glucose broth culture of an 0T 

haemolytic staphyloccus )7oyln. for 423 hours at 37°C. This 

culture was heated to 60°0 for 2 hours to kill the bacteria, 

and then centrifuged at 3,000 ro.m. on the horizontal centrifug 

for 30 minutes. The de,)osit waz resuspended in 10 c.c. normal 

saline and washed twice by centrifuging. The final deposit wa 

resuspended in 10 c.c. normal saline and constituted the 

ant in. 
Sera. 1) Convalescent and Recovered (Immune) sera were - 

obtained from lambs which had been artificially infected by 

scarification either on the flak- or inside the thighs. Blood 

samples were withdrawn from the jugular vein at varying 

intervals after infection. 

2) Ifyperianune sera were prepared from rabbits. 

inoculum consisted of the material obtained from 3-day old 

lesions on lamb's flanks. This was harvested and made into a 

fine suspension by grinding in a mortar and pestle with a a -43.1l 

amount of bouillon, finally being made up to 22 c. e. It was 

then shaken vigorously for ten minutes in a bottle with glass 

beads, and the virus killed by 30 minutes heating at 53°G. Oa 

suspension was next centrifuged on the horizontal machine at 

3,000 r.p.m. for eight minutes to throw down particulate matter. 

The stvernatant was removed, and 13 c.c. was set aside for 

direct inoeulation into rabbits, while 9 c.c. was filtered throu 

a gradocol membrane of 0.73p. average pore diameter and used to 

inoct ¡late/ 
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inoculate a seearate group of rabbits. 

The dose of this inoculum was 1 c.c. per rabbit, given 

intravenously on 14 consecutive days. After a rest of two 

weeks, six I 0.e. doses of live inoculum (prepared similarly, 

but unheated) were given on consecutive days. Ten days later 

the raobits were bled. 

In ail cases the method emoloyed to separate the serum was 

to allow the blood to clot and 'stand at room temoerature over- 

night, then to place in the incubator at 37°0 for half an hour, 

and after this to decant the serum. All sera were preserved 

by the method of Sonnenschein (1930) and stored at 0 - 4°0. 

All sheep sera were inactivated before use by heating at 

os 
58 t, for 30 minutes, while all rabbit sera were inactivated by 

heating at 56°C; for 30 minutes. The higher temperature was 

used in the case of Sheep sera to reduce anticanplementary 

action which occasionally proved troublesome. 

Coqialement:- Burroughs Viellcome preserved guineapig serum was 

employed, two minimum haemolytic doses being used in the actual 

tests. 

Mthod of carrying out the test : - in all tests the amounts of 

serum, antigen and complement were kept constant at 0.1 c.c. 

each per tube. Serum was used in varying dilutions, usually 

twofold, from 1 in 4 upwards, while the antigen was used at 

constant dilution. Antigen and serum control tUbes were also 

put up to detect anticomplementary action, the antigen control 

containing antigen, complement, and saline in place- of serum, 

the serum control containing serum (1 in 4)0 complement, and 

saline/ 



81 . 

saline in place of antigen. A complement control tube was al 

used in which both serum and antigen were replaced by saline. 

eru,a, antigen and complement were added to the tubes in 

that order, fixation being carried out at room temperature for 

10 minutes and then in the waterbath at 3700 for 30 minutes. 

To each tube was added 0.2 c.c. of haemolytic system, prepared 

by sensitising a , suspension of sheep red blood cells with an 

equal volume of !Jurroughs 4ellcome haemolytic serum, diluted 

to contain 5 :e.H.1.1., and 0.5 c.c. normal saline. The test was 

incubated at 37° in the waterbath for 30 minutes, and the - 

results were read after standing at room temperature for two 

hours. The greatest dilution of serum giving comelete fixatio 

of the 2 M.H.D. of complement was taken as the titre. 

The demonstration of Uorrr lement-fixin 7 antibodies to 

Orf and OPD Viruses. 

Serum sainples from laMbs taken at intervals of tram 15 

to 60 days after experimental infection with orf 2ave similar 

results to those obtained by Glover (1932-33) with UPD, in that 

the specific antibody content appeared to be so low that 

fixation often could not be detected. Positive results howeve 

mere obtained in one case from a lamb fraimmhich serum sanples 

mere taken on a number of occasions after experimental infectio 

with orf, as shown in Table VEIand fig. 39. 

The serum of one othgeeleffib taken 23 days after infection 

fixed complement to a titre of i in i6. This however was 

exceptional, and sera from five other laths taken at iatervals 

varying/ 
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arying from 15 to 30 days after infection showed no specific 

tibody content. Control sera from normal laMbs did not fix 

mplement at the lowest dilution of serum emloyed in the test, 

i.e. i in 4. 

On the other hand using hyperimune orf and 0?D sera, 

btained from rabbits by direct inoculation, against the 

mologous crust antigens clearcut fixation of complement was 

emonstrated, the titre being I in 64 in each case. 

Similarly the E.B. antigens tested against the homologous 

ryperinimune orf and G?D sera broduced by direct inoculation 

ixed complement to a titre of i in 32, and against the 

perimune sera produced by gradocol filtrates to a titre of 

in i6, in each case. 

The control antigens CI and C2 tested against these 

riloune sera, and the orf and 0?D crust and E.B. antigens 

estad against normal rabbit sera showed no fixation of 

lament at i in 4 the lowest serum dilution employed. 

Gross-fixation between Ort and GeD Viruses. 

Using orf and OPD antigens and hyperinaune sera, it vas 

o nd that in 5 sera of each type used, the heterologous antigen 

every case fixed complement to the saae titre as the homolo 

tigen. 

AfltiOdy Absorot ion lests in Orr and OPD. 

# 

These tests were carried out using the method of iriedewald 

1944). The hyperinreune sera used were those described above 

how 
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which gave identical titres of i in 64 with the homologpus and 

heterologous antigen, sera with high titres being desirable as 

the technique necessitated diluting the sera to i in 16 in ord 

to carry out two successive absorptions. The virus suspensions 

used for absorption were emulsions of infective crusts of orf 

CPI) ground up in 40 x 0% of buffered saline and used after 
incubation for 24 hours at 3700. The serum-virus mixtures 

were incubated at 37°C for 30 minutes and kept overnight at 4°C. 

Virus particles were then removed by centrifuging at 5,000 r.p. 

for 3 hours. To the supernatant fluid was then added an equal 

amount of virus suspension for secondary absorption, and this 

serum-virus mixture was treated similarly by incubation, storag 

overnight in the cold and centrifugation. The final supernat 

was a .1 in 16 dilution of the original serum. 

Control mixtures of hyperielaune serum and buffered saline 

were treated at the same time in an identical manner, without 

the addition of virus suspension. 

Complement fixation tests were then carried out on the two 

absorbed and the two -control sera, using crust emulsion antigen. 

The results obtained are given in TablesVIlland IX. 

These results show that both the heterologous and the 

homologpus virus in each case absorbed all the complement.- 

fixing antibody, and indicate, the identical nature of the virus 

strains tested. 

F a i lure/ 
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Failure to deamstra e cemplement-fixin, antibodies in S. 

Uomplement-fixation tests were perrormed usiug antigens 

and sera prepared from SI R material by methods exactly similar 

to those previously described for orf and C2D. no specific 

comlibment-fixing antibodies could be demonstrated by these 

tests. 
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Discussion 

The comparative studies of the physical properties of the 

infective agents of clef, u21) and S1 described in the first o 

of this e'ection have provided important evidence retarding the 

relationship of these three diseases. 

Firstly, Border orf has been demonstrated to be caused by 

a filtrable virus, which has been isolated and studied in the 

form of a purified elementary body suspension. hitherto the 

virus etiology of this disease had only been asswied on the 

results of a limited number of cross-ilimunity tests with GPD 

virus carried out by Glover (1932-33). This purified orf viru 

has been shown to reproduce the experimental disease exactly, 

can, therefore be regarded as the sole causal organiaa. 

Secondly, comparison of the physical properties of orf and 

UPD viruses studied in this work shows them to be identical in 

all respects. This includes morphology, size (both by ultra..- 

filtration and electron micrography), staining reactions, 

resistance to ether and penicillin, and resista_ice to desiccati n4 

Thirdly, similar studies of SFR material have produced no 

evidence in support of the virus etiology su,ested by Jiarriss 

(1948) and Horgan and haseeb (1948). Elementary bodies could 

not be demonstrated in infective material by staining methods, 

darkground illumination or electron micrography, either direct 

from Sal lesions or in material purified by high-speed 

centrifugation. The purified material, however, still eon- 

tained small amounts of' the infective agent, demonstrated by 

the/ 
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the fact that when it was inoculated on to a lamb typical lesi 

were events broduced after a much-lengthened incubation 

period* Stained preparations of this purified material and 

also those made directly fran experimental lesions showed a 

few Gramm.positive cocci, sp,ae occurring impairs, and also a 

very few fragnents of a Gran-positive branching filamentous 

organism sinilar in appearance to that described in the crusts 

and superficial epidermal cells of histological sections of SFR 

lesions in eection II. 

Conclusive proof that the SFR witerial used contained no 

virus was provided by the fait that swensions of it were 

invariably non-infective after passage through a coarse grado 

membrane filtere This fact suguested that the infective 

agent of SFR vas bacterial in nature, and might therefore be 

related to the filountous organism described above. 

The inhibition of the infective agent of SFR by five hours 

treatment with ether and its sensitivity to penicillin also 

indicated that its nature was very different to the viruses of 

orf and U2D, which remained unaffected by such treatment. 

The results of the lanunoloc,ieal studies in the second 

part of this Lyection showed very close similarity between the 

viruses of orf and Wit. Both produced a solid infirmity in the 

experimental sheep to reinfection with the homologous virus for 

a period of 3 months. After this time, although a high degree 

of immunity could be demonstrated in some Iambs up to 6 months 

after initial infection, other Iambs showed a loss of immunity 

varying/ 
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varying from partial to complete. This finding did not 

therefore agree with the statement of Glover (1928) that inoeul tion 

of susceptible sheep with GPD seta up a solid immunity enduring 

for at least 8 months. This variation in imeenity is 

paralleled in the field by reports of unsatisfactory results in 

the preventive vaccination of lambs against orf. While in man, 

cases vaccination against the natural disease proves successful 

this prophylactic measure is far from being as effective as the 

vaccination against GPD in other countries, according to the 

results obtained in the U.Z.A. and Australia which were quoted 

in the General Introduction. 

Oroesaimmunity tests between orf and 'D demonstrated 

that infection with the one conferred an equal degree of 

protection against reinfection by itself or by the other. 

SFR again exhibits a marked difference from orf and CPD, 

since it has been shaven experimentally that infection with SFR 

confers no ineunity to reinfection by itself even when carried 

out within as short a period as 21 days. This agrees with the 

findincs of Harries (1948). ,rossatamanity tests aleo 

demonstrated that laeunity to orf or UPI) confers no protection 

against infection with an, which is in agreeaeaat with the 

findings of Horgan and Haseeb (1946). 

Thus while the viruses of orf aad eel) appear laaunologi 

identical, the infective agent of 6FR bears no immunological 

relationship to either of them. 

The results of the serological tests performed on orf and 

CPD/ 
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OPD material once more indicated the identity of the two viruse 

Similar serological tests carried out using SFR material failed 

to Cemonstrato the presence of specific complement-fixing 

antibscs® 

The murk carried out in this Section, then, has shorn that 

orf and C2Da:::e caused. by viruses which ag)ear identical in bo 

their physical and irounological properties° 2.,k) grounds could 

found for the suffestion that SFR has a virus etiology, and 

indeed the experimental evidence obtained indicates the 

possibility that it is bacterial in origin° 

o 
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SiCTION IV 

The Isolation of an LufectimlaAlseLLIZerimebalLesions 

111L4SA211-4100t ilot* 

Introduction. 

There ia no record of the -infective agent of SFR having 

been isolated. The views of 31-evious workers on this aspect 

of the disease may therefore be smailarised briefly. 

Barrios (1946) suggested that SFR might be either a separat 

disease from or an immunological variant of, i;PD. This implie 

a virus etiolopy. Be also stated that the infective agent 

remained viable in dried crusts kept for over one year at 0 - 

e0, and that no lanunity appeared to be conferred by natural 

or artificial infection, both of which statements have been 

confirmed in the present investigation. Three allusions were 

made by him to bacteriological examination of infective material 

and all were incidental in nature:- 

i) 'leferring to natural lesions running a chronic course, he 

said "staphylococci and conform organisms predaninated among 

he bacteria isolated frpin such lesions". 

2) Ii.eferring to histological sections of lesions he stated 

"open lesions show a variety of Gram-positive and Gran-negative 

rganians in the exudate, but these ap;?eared unrelated to the 

pithelial change except in the presence of general breakdown 

f the lesions with ulcer formation". 

)/ 
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3) Referring to a test inoculum which had been passed through 

a Seitz SB disc (Harries did not himself use gradocolmeMbranes 

for filtration) and which produced soanty lesions on 22 out of 

29 previously infected lames, he said that "it proved free of 

bacteria". 

Horgan and haseeb (1 948) described the experimental lesio 

and carried out cross-immunity tests on rabbits, sheep and 

goats using 15FR (obtained frima Dr. Seibie of the giddlesex 

Hospital, London), vaccinia and-GPD. The title of their paper 

was "The Immunological Relationship Between a New Virus, 

Proliferative Dermatitis of the Legs ("Strawberry Foot Rot") of 

Sheep, and the Viruses of Vaccinia and i:;ontagious Pustular 

Dermatitis." In the paper they stated that Dr. Selbie had 

informed them that a new virus of the animal pox group termed 

Strawberry Foot Rot had been isolated from sheep in Scotland. 

No further evidence was supplied by these authors in support of 

a virus etiology for the condition, and they did not record 

any bacteriological findings. They noted that etherisation 

of infective material for twelve hours killed or completely 

inhibited the infective agent, and no reaction occurred on 

experimental animals inoculated with this material. No 

evidence was found by them of any immunological relationship 

between vaccinia, UPD and B. 

Abdussalaa and Blakemore (194e) gave no opinion as to the 

nature of the infective agent, although stating that it passed 

a coarse (0.69,1a gradocol meMbrane filter - the only 

recorded/ . 
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recorded instance of this beinu done. As mentioned in Section 

III a,it has not proved possible to confirm this statelmPlt in 

the present investigation. Abdussalam and Blakemore did however 

find "a filamentous orgeenisa, morphologically resembling 

FUsiformis necrophorus, in the exudate Pram four-day rabbit 

lesions resulting fram intradermal inoculation. It was not 

possible, however, to isolate the organism by cultural methods". 

They also found that treatment for 5 hours with ether was 

sufficient to inhibit the infective agent, which has.been 

confirmed in this work (see bection Ma) - this being in 

marked contrast to the virus of JPD, which resists such treatme 

No other bacteriological examiaation was recorded by these worte4es. 

Both by Implication and by statement, therefore, a virus 

etiology has been aesigned to SFR on slender evidence, and 

published accounts of attempts to exclude other agents as the 

'cause amount to very little. 

Source of .daterial. 

It is necessary to emphasise that all infective SbR 

material used in this investigation originated from a sample 

of dried crusts submitted from field cases of SFR by Barrissin 

1949. This material was maintained to the present date by 

desiccation and storage and also by transmission on the la.:bs 

being used for experimental work. The use of this strain of 

material throughout was necessitated bemuse field cases of the 

disease could not be located, in spite of requests to Veterinat 

Investigation Officers in the North of Suotland and to the 

Rowett/ 
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Rowett _,,esearoh Institute in whose flock the disease oas first 

described. 

he isolation of a ilicro-or anism from ihc,)erimental Lesions of 

In the earlier stages of this work, during the course of 

transmission experiments on sheep, many routine bacterial 

cultures had been made both from fresh infective materiAt and 

from dried crusts from lesions, also directly from lesions on 

experimental sheep. These cultures had been incubated under 

aerobic, micro-aerophilic and anaerobic conditions, the only 

organisms recovered beinu large numbers of O(1 haemolytic 

staphylococci and very occasionally a corynebacteriam. 

Smears had also been examined from experimental lesions 

in sheep at varying stages ia their development. - These showed 

the bacterial flora to consist almost exclusively of Gram- 

positive cocci, which appeared to confins the cultural findings. 

Paschen-stained breparations of exudate from the lesions had 

never at any time showed bodies resembling virus particles. 

Another finding having an important bearing on the nature 

of the infective agent present in the crusts, submitted for thi 

investigation by Harriss as Spa, was that it had never, in 

spite of repeated attempts, proved possible to confirm the 

statement of AbdussAlam and blakemore (1948) that the infective 

agent would pass a coarse gradocol membrane filter.of 

circa 0.711. On the other hand orf and CPT virus particles 

had been passed through such a membrane on nuaerous occasions. 

Othing/ 



94. 

Nothing resembling the few Gram-positive filaments and 

double chains of cocci observed in histological sections of 

experimental lesions, and described in Section I, had been 

demonstrated in any cultures made from infective material. 

was therefore by chance t hat recourse was made to a sample of 

dried and ampouled SFR crusts which had been stored in the 

refrigerator at ß - 1 °Üfor 46 months. when tested, these 

crusts produced a typical SFR reaction on a 1a bl s flank. 

Material from this animal as harvested, and with intervening 

desiccation repassaged suecessfually on two occasions for rout 

purposes. On the last of these occasions wears were made 

from the undersurface of the confluent soft yellowish crust whidh 

was produced by the third day. These smears stained by Gram 

showed a different picture from anything previously observed. 

Numerous Gram-positive cocci of varying size were seen as usuali 

but in addition there was a considerable number of gym.- positive 

filaments, resembling those seen in histological sections of the 

lesions. A portion of the crust was therefore ground up with 

sterile saline, four 5 ":,: ox- blood agar plates were streaked with 

the resultant emulsion and incubated aerobically at 370i:. 

Ttenty -four hours later each plate showed a few widely scattere4 

Colonies only of the o(¡3 haemolytic staphylococcus hitherto 

invariably seen in large nu hers, but in addit ioa there vas a 

profuse growth of a tiny colony, pinpoint in size. Examined 

under a dissecting microscope these colonies were irregular 

shape with a crenated edge and a rough surface, ace, greyishwhite in 

colour/ 
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colour by refloated light. They were leathery in consistence 

and firmly adherent to the medium, and could not be rewired by 

rubbing with a platinum loop. 

.:'knear s were made from 04. hour cultures by removing a colo 

with a platimum spade and crushing it between two slides, and 

were stained in the first instance by Gram and modified Ziehi- 

Neelsen methods. e:xamination showed Greee.p.positive filaments 

aeparently exhibiting true branching, some parts of the filamen 

taking up the methyl violet stain more intensely than others.- 

The organiem stained bluo by the modified ZiehleNeeizen 

method. 

Wbcultures were made from the original plates by cutting 

out several of these tiny colonies and grinding them up ia a 

sterile mortar with a few drops of bouillon. Ox-blood agar 

plates were then inoculated with the resultant emulsion. Afte 

24 hours inclebetion at 37°C a pure culture of the organism was 

obtained. 

The bacteriological findings in this instance therefore 

wee unique and entirely unexpected, in view of the regnlarity 

with which haemolytic staphylococci alone and in large numbers 

had been recovered on many previous oc-casions. Ohese unusual 

findings might in fact be explained by the reduction of the 

numbers of staphylococci by prolonged desiccation and repeated 

passage, for experiments which will be described later showed 

that the staphylococcal colonies exerted an inhibitory 

effect on the growth of the um 

asjarLósieistie 

colony in vitro. 
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Reproduetion of the ex,)erimental disease euatesor 
the 

having obtained a pure culture, two laMbs were employed to 

test the pathogenicity of this organism. A plate culture 

showing a good growth of the organism was used, the entire 

blood agar medium and colonies beirkz round up in a sterile 

mortar with a very wall amount of bouillon. This emulsion 

formed the inoculu:1, and was rubbed into the plucked cleaned 

and scarified flanks of the laTbs. After an incubation period 

of 24 hours the inoculated areas on both animals were covered 

with an alaast confluent eruption of binhead-sized yellow 

pustules related apparently to hair follicles and not to the 

scarifications. These lesions both in appearance and 

development, at that ttae and subsequently, weIe indistinguish- 

able from those of experimental SFR. Thick honey-coloured 

crusts formed, most of Which dropped off by about two weeks 

after inoculation. It was noted that just prior to separating 

off, these crusts asaamed a slightly convex shape, i.e. the 

centre of the crust appeared to lift off the underlying skin 

before the periphery (this had also been observed in 

experimental SFR). The failing of the crusts revealed intact 

but somewhat flaky skin underneath. 

Cultures were made frcvl the lesions on both lambs on to 

ox blood agar tuld nutrient agar plates at 24 hours, 46 hours 

and also at 10 days after inoculation, and in ail cases after 

24 hours incubation at 37°U a large number of typical colonies 

of/ 
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of the original organism was obtained either in pure culture 

or, more rarely, with a few colonies of o(T3 haemolytic 

staphylococci. 

Smears viere illade from the lesions daily and stained by 

Gmuts metLiod. :eor the first two days many Graa-poSitive 

filaments wore seen; after this time large numbers of Gram- 

positive cocci were observed in addition to the filaments. 

line lesions produced by this organisai, therefore, were 

identical in incubation period, macroscopic appearance and 

rate of t:ievelopment to the lesions produced by infective 

materini submitted by haxriss as SM. Lesions exactly similar 

in ever3,-- respect viere later produced. on lambs on many occasions 

with ¡Rare cultures of the organism which had been grown for up 

to ten generations in artificial media. 

Microscopical L) earance of the Lesions. 

As the macroscopic appearance of these lesions was 

indistinguishable from that of experimental SFR. previously 

described in S3ction It, no separate description is required. 

In order to study the mioroscopical appearance of the lesions 

a linear inoculation was made on the newly plucked scarified 

and cleaned flank of a lamb. I3loosies were removed at 

intervals and fixed in Susa. Paraffin sections viere cut and 

stained Giemsa and Gram. The chanjes observed were as follows 

(the time refers to the interval after inoculation):- 

21 hours. -Little obvious alteration in the normal structure hat. 

occurred. A small scab had formed over the line of scarf lent 

which/ 
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which on close observation was seen to contain several 

filamentous organisms. Epidermal thickening was very slight, 

and there was a small amount of dermal infiltration consisting 

mainly of polymorphs, with a few lymphocytes and macrophages. 

46 hours. Several snail conical scabs were seen on the skin 

surface in this section, usually surmounting a -small pustule 

filled with polymorphs. Below and lateral to these pustules 

was considerable intercellular oedema of the epidermis, which 

was now obviously proliferating, being 6 - 10 cells deep. The 

free margins of the scabs were seen to contain numbers of 

filaments which however did not appear in the pustules below 

the scabs. in some scabs the filaMents were seen to have 

divided intococeal forms, some of which remained in doUble 

chains and thus retained the outline of the filament* The 

filaments now showed a tendency to grow towards and into hair 

follicles. In the dermis infiltration by polymorphs was 

becoming more intense, particularly below the epidermal 

pustules. The endothelial cells of the dermal capillaries 

were swollen, and the vessels themselves were filled with 

polymorphs. 

LL1Purs Proliferation of the epidermis continued, the cells 

of the upper half showing degenerative changes and necrosis, 

most marked in those cells below pustules, but never becoming 

reticular. lermal infiltration remained moderate, appearing 

round the base of hair follicles with polymorphs predominating. 

.96 hours. By this time the pustules tended to coalesce. A 

great/ 
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great increase in the thickness of the scabs or crust was noted 

due to hyperkeratosis, and resulting in a stratified appearance 

These crusts now foreied a continuous layer over the epidermis 

and throughout their substance were many filaments and osccal 

forels,some of which had. spread down into and invaded several 

hair follicles, forming a tangled mass in the follicle. The 

epidermis was greatly thickened, the rete pegs forming blunt 

fingerlike processes projecting into the dermis. The super- 

ficial layers of cells were necrotic and eosinophilic, their 

nuclei having disapoeared. 'Reticular degeneration was 

observed in a few cells in the upper layers. Infiltration of 

the dermis was becoming more intense and was still predominantly 

polymorphonuclear with many of the cells migrating from the 

capillaries. 

1) 

120 hours. The changes seen now were largely an intensifica ti n 

of the foregoing - increasing size of pustules and thicknes s. of 

crusts, further proliferation of epidermal cell s with 

degenerative changes involving the cells :in the upper two-thirds 

of the epidermis, and filamentous organism. invading the hair 

follicles. The dermal infiltration was now intense and had 

altered in character, being almost entirely lymphocytic with a 

few polymorphs and macrophages. It extended up to the stemnits 

of the dermal oapillae and well down into the corium, 

surrounding all hair follicles wad sebaceous glands in the area. 

1 hOurs. hyperkeratosis was very marked by this time, the 

keratin being thrown up into "viaves", with whorls and plugs in 

the/ 
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the mouths of the hair follicles. The pusteles by now had 

become reduced in size. The round-celled dermal infiltration 

was very marked, particularly in the neighbourhood of eapillar. 

166 hours. A few large pustules remained, some of which had 

broken down, scaterin their contents throughout the epidermis 

and dermis, but the most striking, features were the extre_ie 

thickness of the stratified crusts anu the colossal proliferat 

of the epidermis of which the rete pegs were now e-tremnely long 

Tangled masses of branching filaments could be seen in fissures 

Sir 

n 

in the crusts. The dermis now contained numerous macrophages, 

and the endothelial cells of the capillaries were grossly. 

swollen. 

The same series of sections stained by Gram's method showeii 

the filamentous organism and coccal forms to be Gram-positive. 

lt was therefore apparent that the lesions produced by 

pure cultures of this micro-organism and those of experimental 

SFR bore a striking similarity to each other, the only differ n 

bein11 one o egree, the lesions caused by the culture being 

more severe, as might be expected when a relatively huge 

infective dose had been applied to a large recently injured 

area of the sensitive Skin. 

The organism itself was indistinguishable in appearance 

from that observed and described in histological sections of 

kR in Section II. 

The conclusion drawn from these findings, then was that 

the micro-organism isolated was the etiological agent present 

in the material submitted by harries as STR, and accordingly 



RISIOPATHOLOGY OF BIZ LESIONS PRODUCED BY PURE OULTURES OF ! 

14ORO-ORGANIW ISOLAMD AZOIA z!.:2-figaBa:sd FoOT RUT. 

Fig.40 48 hour lesion produced by culture. scab 

surmounting saall pustule. Epidexual proliferation 
commencing. Giemsa x100 

Pig.41 96 hour lesion produceki ay ault-ure. 

Marked epideraril pxi3.fi°eraaticn® Giemsa x 75 . 



.ig.42 168 hour lesion produced by cu:tture4 
iipidexmal proliferation and hypericemtosä.s now at a 

maximun. Giemsa at 75. 

Fig.43 72 hour lesion produced by culture. 
Hair follicle showing invasion by filaments 

of the micro-organism. Giensa x 400 



Fig,424. 72 hour lesion produced by culture. 
Small epidermal pusttil.e showing central 

clump of filaments of the micro-organism. 
Gierisa. z 400 
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a full investigation of its characters was carried out as 

described below. 

The Micr_o_sz__-o anise 

Morphology: Preoarations made from a 211. hour nutrient broth 

culture showed branching filamentous orgaaiseis forming a 

leyeelium, the majority of which were in the process of trans- 

formation into eoccal fores or tconidia'. The brenchin« was 

lateral, the branches themselves having .a slightly smaller 

diameter than the main filent. Tle organism tapered towa 

its proving tip (Fig. 45). Filaments not showing division int 

cocci measured u1 to 2814- in length and. varied in diameter fro m 

0.5 - 1.4? . 6horter uribranched filaments, usually curved an 

with a fusiform swelling at one extremity, measuring frog 2 - 
45 in length and 0.5 - 0.751x in diameter were also observe 

Mycelial filaments showing transforeation into cocoa]. forms 

were up to 50tt in length and varied in dianeter from 1.5 to 

3.514. The first stage in this transformation apjeared to be 

a transverse division of the filorrient into oval bodies with the iv 

long axes at right angles to the axis of tile filament (Fig.)#6 ). 

In the second stage each of these oval bodies divided into two 

spherical bodies, the division occurring at right angles to 

their long axis, i.e. along the axis of the filament. This 

resulted. in the appearance of two chains of streptococci lying 

side by side. In some cases it appeared that a further such 

division had occulased giving rise to four *streptococcal° 

chains/ 
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chains lying side by side (Fig.47). The cocci or tconidia 

then broke off from the filament, and largo numbers were seen 

singly, in -pairs in tetrads (Figs. 48&)-), mhile some 

larger groups mere observed still remaining together in the 

Shape of the fragpent of the filament which they had original' 

formed. There was considerable variation in the size of thes 

tconidial their diaaeter being frau less than 0.51k to 1.5-r-, 

those being smallest which were farmed nearest to the 

extremity of the filament. 

Similar preparations stained by Glamsa showed in filament 

dividin into 'conidia' a shadowy lateral outgrowth along the 

entire filargent, reseMbling the hairs on a caterpillar (Fig. 50). 

i'reparations we made with difficulty from colonies on a 

24- hour nutrient agar plate, owing to the extreme tenacity and 

meMbranous consistency of the colonies. This was overcome by 

removing the colonies with a platinum spade and crushing them 

between two slides. Bralching filaments only were seen with 

no conidial formation. 

It orovedmuch simpler to make smears from colonies on a 

72 hour nutrient agar plate, the consistency having become 

butyrous and material thus being easily removed with a i0Odo 

These smears showed exclusively masses of cocoal forms, many 

of which resembled staphylococci in size and distribution. 

There were however numerous other coccal forms which were 

smaller, being less than 0.5p. in diameter. Removal of this 

butyrous material with the loop revealed the original 

membranous/ 
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membranous colony in the centre firmly. adherent to the medium 

as before. ilaments were not seen in such 72 hour preparatio so 

The organisn was non-motile and no oa)suie was deonstrates. 

atEaniraTReactions: Both filaments and 'conidia' were 

strongly Gram-positive. In those filAwents which were under- 

going division into 'conidia' there was an irregular batred 

or beaded appearance, the "conidiat taking up the stain while 

the interspaces took up the counterstain (carbol fUchsin). 

Isolated 'conidie and groups of 'conidial which had broken 

off from the filaments also appeared surrounded by a substance 

staining with the counterstain, which in single forns showed 

as a thin rim round their periohery. The organisms was non- 

acidfast both by the Ziehl«Neelsen and modified Ziehl-Neelsen 

methods (decolourisation in the latter was by 1% acetic acid 

only). 

cultural Reactions: 

-Nutrient Agar 2late - 48 hours at 37°0 aerobically -A 
streak culture showed a scanty growth of tiny irregula 

heaped-up umbonate colonies about 0.1 - 0.2 mm- in 

diameter, with an irregular glistening surface and an 

entire regular border (Fig*51). They were greyish- 

white in colour by reflected light, opaque and very 

adherent to the medium. The consistency vas horny 

and they were very difficult to emulsify. 

72 hours at 37°U - under the 'microscope the colonies 

were seen to be filamentous, with a branching mucelium 

at their periphery (eig.52). 

4 days at 370U U - the colonies had increased in size 

to about 0.5 411116, in diameter, and now shoved a faint 

yellow/ 
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yellow colouration. The were amvex with a smooth 

glistening surface. The consistency of the outer part 

of the colon,/ was now butfrous, while the cent renaind 

horny and adherent to the medium. 

10 days at 37°0 - colonies larger, 0.5 - 140 am., 

diameter, with a smooth surface, an undulate edge, and 

differentiated into a raised centre and a s'elving 

periphery, the whole colony resembling a rosette (Fig. 3) 

At no time was there any tendency for surface colonies 

to spread. Ao aerial mi,celium was formed. 

Agar Stab 2 days at 37°G - growth occurzed to a depth of 

5 cm. below the surface. 

Agar Slope -4 days at 37°0 - moderate growth of discrete, 
raised, smooth glistening convex yellowish colonies 

with a regular border, measuring up to 1 mm.- in 

diameter. 

Gelatin Stab ,!> in a stab culture liquefaction was complet 

in 6 days at 37°C. At 22°0 liquefaction, saccate,had 

developed to a depth of 1.5 cm.. in 31 days. 

Nutrient broth - abundant grvwth occurred at 37°0 after 

48 hours incubation, with Slight granular turbidity. 

A slight granular deposit was romed, later becoming 

viscid and disintegrating inca4pletely oa shaking. 

Considerable growth was observed on the sides of the 

tube. urface growth was present, consisting of a 

thin granular pellicle formed by 72 hours, which 

disintegrated incomplete4 on shaking. 

o, 
Glucose Broth - moderate growth occurred at 370 in 48 

hours with slight granular turbidity and a moderate 

Lranular deposit becoming viscid by 72 hours and 

disintegrating completely on shaking. There was no 

surface growth. 
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Ox blood Agar Plate - 46 hours at 37 °C Aerobically - 

dee p plates and surface streaked ; plates shoved god 

growth, often confluent. The addition of blood to th 

median greatly y improved growth compared with that on 

nutrient agar. Isolated surface colonies were 0.3 - 

0.G :m.n. in diameter, irregularly heaped -up, with an 

irregular glistening surface and an entire reg,ler 

border. They IT.4ere yellow in colour by reflected 

light, opaque and very adherent to the medium, which 

was depressed for 1 - 2 :snm.. around the periphery of 

the colonies. A zone of oC- haenolysis 1.5 . 
m:. in 

diameter surroUnded.the colonies. (Fig. 54) 

4 days at 37 °0 - The colonies were now up to 1 ,M26 

in diameter, xaised, convex and with a smooth glisten 

surface. A clear zone ofj - hae:uolysis 3.0 - 3.5 :mmsr 

in diameter now surrounded the colonies. luis zone 

had a narrow o(- haemolytic zone at its periphery. 

Deep colonies showed a similar zone of J3 -bae rsol si.s 

about 5 miì. wide. 

Loef here k erun -, 4 hours at 37 °0 - a good, raised, 

moist confluent growth had occurred which was extremely 

adherent. 

8 days at 37 °0 - no liquefaction visible. 

28 days at 37 °0 - l iquefact ion of the medium was 

obvious. 

Potato - 7 days at 37 °0 - No growth was observed. 

Coagulated Egg -- 72 hours at 37 °C - a good, raised, moist, 

confluent extremely adherent growth had occur red. 

There was evidence of slight liquefaction after 31 days 
at 37 °C. 

Resistance: 

The organisa was killed by heating to 58 °e . for 30 minutes. 

in dried cruets from lesions it appeared to resist 

desiccation for long periods. 

îietaboli.,n:/ 



THE.MIGRO..ORGAUTSK 
wINWESIMMAIIIMMIO 

Fig.45 24 hour nutrient broth culture. 4celiun 
exhibiting true branching. Glemsa x 1000 

411 

Fige46 48 hour nutrient broth culture. Filament 
showing transverse division into oval bodies. 

Giemsa x 1000 



Figda 24 hour nutrient broth culture. Division 
of filament into cocoa' foras. Giemsa. x 1000 

Fig.48 24 hour nutrient broth culture. Goecal foros 
resulting from division of filaments. Giemea z 1000 



Pig. ¿.9 24. hour nutrient broth culture. Coccal forms 
showing pair and tetrad arrangement. Giemsa x1000 

Fig.50 24 hour nutrient broth culture. Filaments 
Undergoing division into coccal forms and showing 

'hairy' outgrowth. Giansa x 1000 



THE MIURO.ORGANISK 

Mat 
4 

A 

48 hour colonies of' the micro-organism on 
nutrient agar. x 30 

Fig.92 72 hour colonies of the micro-organism on 

-nutrient agur, showing peripheral branching mycelium. 
x90 



Pig. 53 10 day colonies of the micro-organism on 
nutrient agar. x 30 

Fig054 48 hour colonies of the mdcro-organism on 
oxblood agar, showing surrounding zone of haemolysis. 

x 15 
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libtabolisra: 

The organism grew readily under aerobic conditions, and 

also in an atliosphere containing 10. 002. Under conditio s 

of strict anaerobiosis good growth also occurred. The 

organism is therefore aerobic and facultatively anaerobic. 

It Lrew readily at 37°C and also at 22°0, and although 

in the latter case the rate of growth was slower it was 

eventually as good as at 37°0, becoming aparentafter 72 

hours. 

A yellow pigmnt was produced after 48 hours at 37°C, 

best observed on enriched media, e.g0 oxblood agar. Thi 

pigment was also produced at 22°.U. 

Fermentation Reactions and Other Biochemical i'ro ertiesZ 

Glucose and laevulose were fermented in 24 hours, glycerin 

and maltose after 5 days, ail with production of acid 

but no gas. lio changewasproduced in galactose, 

saccharose, mannite, raffinose, arabiaose, dextrin, 

inulin, salicin, sorbitol, dulcite or lactose. 

Litmus A4ilIC - clotting of the medium occurred in 4 days 

with comolete digestion in 10 days. There was no 

change in alkalinity. 

Indol was not produced. ' 

Nitrate Reduction - no reduction of nitrates could be 

demonstrated. 

Ammonia - no production of ammonia could be deaonstrated 

in peptone water. 

katuls.1.11Sitz: 

k;ultures of the organism proved pathogenic for the 

rabbit and guineapig when inoculated by rubbinh a swab 

dipped in a broth culture on to the shaved and scarified 

skin. ii;rythema was produced in 24 hours, becoming acute 

in 4d hours when the inoculated area became raised and 

oedematous. Small pustules were observed at the third 

(14Y/ 
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day. These ruptured and by 4 to 5 days a thin yellow 

crust covered the area. This crust became greatly thick 

ened, and separated off in 10 to 14 days, leaving intact 

skin underneath; Suboutaneous inoculation of the organ. 

into rab 'its and guineapigs produced small localised 

abscesses. 

Immunity: 

In the sheep infection with this organism by pluckiT 

of the wool, scarification of the skin and rubbing on 

swabs dipped in broth cultures produced no demonstrable 

immunity, inoculations repeated on the same animai as 

Jazzily as five times over aoeriod of 89 days being invaria 

followed on each occasion by the oroduction of typical 

lesions within the usual incubation period of 1 - 2 days. 

Lambs immune to orf and Gel) reacted as strongly to 

infection with this organism as la.i-bs which were susceptìbt e 

to orf and 02D. 

The results of experimental inoculations on four la20s 

are given in Table X;', 

Filtration: 

As morphological studies of cultures of the organisa 

showed that numerous soall coccal forms, some apoearing 

to be les- than 0.51.4. in diameter, were present it was 

considered that these might be sufficiently soall to pass 

one of the coarser gradocol meobrane filters. in order 

to test this theory several methods were used as follows: 

1) A 46 hour oxblood agar plate Showing a good growth of 

the organism was emoloyed. The medium together with the 

colonies was emulsified in a sterile mortar with a very 

small amount of bouillon. Thisamulsion was further 

diluted with 6 c.c. bouillon, clarified through a sand 

and pulp filter and then passed through a 0.6611 average 

pore diameter gradocol membrane. cultures were wade 

from the original emulsion and the filtrate, and both were 

applied/ 
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applied to the plucked. and scarified skin of a lamb. 

After 48 hours a typical pustular reaction had 
on, 

occuared on the laan/the area to which the unfiltered 

emulsion had been aeplied. The area inoculatec-11 with the 

filtrate was covered. by a delicate yellow confluent Sheet 

with an irregular surface appearing almost as a mere 

(Amnularity of the akin surface. Asmear made from this 

'lesion' shoved large nuabers of staphylococci and after 

intensive search one portion of a Grau-positive filament 

was seen. Cultures made from the 'lesion showed only a 

pure groth of cif; haemolytic staphylococci. After 72 

.hours the yellowish sheet had become a thin crust over the 

areal which flaked off at the fifth day. 

2) Three glucose broth cultures of the organism, one 7 da5s, 

one 6 days and one two days old were bulked, clarified an 

filtered as before through a 0.66p, membrane. The 

filtrate was applied to a laqb'e flank and cultured into 

broth and on to oxblood agar plates. 48 hours later no 

reaction ofanykind via;, visible on the lamb's flank, and 

all cultures had remained sterile. No lesion developed 

subsequently on the lamb. 

3) The growth from a 15-day agar plate culture was washed 

off and emulsified in 5 o. e. bouillon. it was then 

clarified and passed through a 0.6614 membrane. The 

Ultrate was aialied to a lamb's flank and cultured into 

broth and on to an oxblood and a nutrient atar plate, 

5 days later no reaction had occurred on tee lamb and all 

cultures had remained sterile. 

The affect of Ether: 

In order to determine the effect of ether on the 

organism 0.5 c.c. ether was added to 4, c.c. of a 72 hour 

nutrient broth culture in a small screw-capped bottle, 

which was then stored at 2°C for 5 hours. The ether was 

then removed by bubbling filtered air through the broth 

for/ 
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for 5 minutes, when no sAell or ether could be detected. 

co drops of the etherised culture we streaked out on 

an oxblood agar and a nutrient agar plate. 6iailar 

control plates wee inoculated from the sa-e broth cultui 

before eterisation. 

After 5 days aerobic iocubotion at 37°0 no growth had 

occurred on the Mates inocolted with the etherised 

culture, while theoontrol plates showed a good growth of 

the organism. 

Etherization for five hours thus appears to cause 

complete inhibition of growth of the organism. 

----11....A.---Theibitcf§k291: As 

mentioned earlier in this section the microorganism was only 

isolated in cultures from experimental SFR lesions after the o 

crusts used for inoculation had been treated in a manner which 

had considerably reduced the number of haemolytic staphylococc 

normally found ia them. It was therefore considered that 

the staphylococci might exert some inhibitory action on the 

growth of the micro-organism in vitro. Three different 

methods were used to detect whether such an idhibitory effect 

was produced. These were as follows- 

a1 With a platinum loop a small amount of a 48 hour ap 

haemolytic staphylococcus plate culture was well :mixed with 8 

drops of a 48 hour broth culture of the miero-organism in a 

Petri dish. Using this mixture as the inooulum two oxblood 

agar plates were streaked successively without recharging the 

loop. The broth culture alone was similarly streaked =MT 

oxblood agar plate as a control. After 48 hours incUbation 

. 
au 

37O. 
many confluent staphylococcal colonies were seen on th 
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plate first inoculated, but single colonies showed on the 

second plate. On the first plate no colonies of the f9 lento 

micro-organism had grown, and on the second plate only a few 

Colonies were visible, some of thichwere close to the 

staphylococcal colonies, but none showing any surrounding zone 

of haemolysis. The control plate on the other hand showed a 

good growth of the micro-organism, the colonies showing well- 

marked p-,haemolYsis. 

After 5 days incUbation at 37°0 growth of the micro- 

organism remained very much poorer on the plates inoculated wit 

staphylococci as compared with the control. 

b) To determine whether this inhibitory effect was due to a 

filterable substance produced by the staphylococcus, a 48 hour 

broth culture of it was passed through a Seitz sterilising 

filter. Tenfold dilutions of this filtrate were made to i in 

1000. Five oxblood agar plates uere flooded each with 0.5 c.c. 

of 4b hour broth culture of the filamentous micro-organisu0, th 

surplus drawn off with a pipette and the plates inverted and 

dried in the incubator at 37°C for 30 minutes.. Four sterile 

discs of Whatman No. 1 filter .baber 0.7 cm. in diameter were 

cut, and to each of these was added one drop of one of the - 

following filtrate dilutions:- tnailuted filtrate, 1 in 10, 

1- in 100 and i in 1000. .::;ach disc was then placed on the 

centre of one of the previously inoculated oxblood agar plates, 

one plate being left without a disc as a control. 

After 21.. hours incubation at 37°0 marked inhibition of 

growth/ 
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growth of the filamentous micro-organism was noted on the plate 

with the undiluted filtrate dise, and slight inhibition on the 

plate with the 1 in 10 filtrate disc, when compared with the 

control plate. NO inhibition was noted on the other two )late 

After 48 hours incubttion the inhibitory effect diminished, 

and after 72 hours all plates showed approximately the saw 

amount of growth as. the control. 

0) An oxblood agar plate was inoculated with the micro- 

organism slailarly to those described in b) above. with a 

platinum loop an 046haemaytic staphylococcus was inoculated 

in the centre of each of the four quarters of this plate. 

After 72 hours incubation at 370U a confluent growth of 

the micro-organism occurred on the plate, with a single 

staphylococcal colony in each quarter. It was seen that the 

growth of the micro-organisn within the *haemolytic zones of 

the staphylococci, although confluent, was less profuse and 

heaped-up than its growth outside this zone, 

By each of these . three methods it has therefore been 

possible to show that in .vitro the bresenee of haemolytic 

staphylococcal colonies, or filtrates prepared from broth 

cultures of haemolytic staphylococci, inhibit the growth of 

this filameAous micror.:roanisal to a varying extent. 

Penicillin Sensit iv it The micro-or sa was tested for 

sensitivAy to pehieillin by the method of Goulu and Bowie 

(1952). The zone of inhibition of growth resulting from i 

unit of penicillin in a 6.8 mm. disc of filter paper was 49 ram. 

in/ 
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in diameter. In comoarison with the standnrd strain S5 of 

Oxford staphylococcus the organisa i$ therefore sensitive to 

less then 0.003 units penicillin per c.c. and thus 

included in the sensitive class. 

Identificat ion of the 

The morphology and cultural reactions of this micro.. 

organism indicate that it belongs to the genus Aetinogyces of 

. et al. 
Wilsonand Miles (1946). According tc Breed/(i948) it 

belonLs to the genus NOcardia,these autho4smaking a differentia- 

tion betweel4 aerobic species on the one hand and anaerobic or 

microaerophilic species on the other. 

A search of the literature reveals that similar micro- 

organisas have been observed and reported in cases of 

mycotic dermatitis in sheep by Bull (1929) and Seddon (1929) 

in Australia, and Steyr' (1931) in South Africa. Bull and 

Stein isolated the organism and were able to reproduce the 

disease in the sheep using dure cultures. This organism was 

names Actinowces dernatonomus by Bull. Albiston (1933) 

isolated a similar organism from a case of mycotic dermatitis 

in a calf in austraiia. 

The Isolation of the micro-cocEanism from dried infective 

crusts of SFR. 

As a field case of SIR was not immediately availaole when 

this micro-organism was isolated, cultures were made frau two 

saaples of crusts from experimental SFR lesions which had been 

desiccated, ampouled and stored at 0 4OC in the refrigerator, 

one/ 



one sale (A) for 4 months and the other sample (B) for 5 

years. 

The crusts were enulsified in a small amount of bouillon 

and allowed to eaceraLe at 370U for 4hours before each sample 

was streaked out on two oxblood agar plates. Both samples 

were also aeelied to the prepared flank of a lamb to test the 

potency. 

After 24 hours incubation aerobically at 37°U both oxbioo 

agar plates made from each sample showed a profuse growth of 

typical tiny colonies of the micro-organism identified as 

actinomyces. Raemolytic staphylococci were also present, 

many colonies in sample A. overgrowing the tiny colonies and 

rendering them difficult to observe without very close exanina 

tion. Fewer staphylococcal colonies were present in sample Bn 

allowing the tiny colonies to be readily observed. 

24 hours after inoculation a typical SFR reaction had 

ooemenced on both inoculated areas on the lamb's flank. 

Subsequent development of both colonies and lesions con- 

firmed these observations. 

examination of material from orf and CPI) lesions for similar 

ajarc...sms-o , 

Material from a total of 20 lambs affected in 5 outbreaks 

of orf and 5 outbreaks of CPI) was examined culturally for the 

presence of similar mioroi-organisms with negative results in 

all cases. The presence of orf or i) virus in the material 

was confirmed in each case by inoculation on to a normal and 

imelune lamb. 



The Isolation of a Similar Infective Agent from a Field Outbreak 

of Dermatitis in Sheep. 
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The isolation of a Similar infective Agent from a Field 

Outbreak of iJermatitis in Sheeo. 

In order to obtain fresh material. from cases of SER for 

bacteriological examination for the presence of organisms of 

the genus Actinomyces, Veterinary Investigation Officers in the 

North of Scotland were requested to notify cases of the disease 

but over a period of .months none were encountered. The Rowett 

aesearch Institute, in -whose flock the disease was first 

described -4y harries, were also unable to provide any cases as 

the disease no longer oceurred in their sheep, which had not 

been recently grazed on the pasture .here the outbreak occurred 

About this tine (February 1954) material was however 

received for diagnostic purposes from an unusual outbreak of 

dermatitis in a flock of Blackface sheaf.) on a hill farm in 

Argyllshire. A-nuMber of tups and several ewes were affected, 

and the material consisted of small crusts (about 3 mm. ainmete 

from lesions which were said to occur maiìüy on the head and 

face. These crusts were therefore emulsified in a small 

amount of broth, the emulsion being aeplied to the plucked and 

scarified flanks of three normal ¡Cheviot hoggs, and to the 

prepared flanks of two .orf-immune hogys. An emulsion of orf 

crusts was also applied to the orf-immune hoggs and to one of 

the noria. hoggs as a control. 

Twenty-four hours later ail three Cheviot hoggs showed on 

the areas inoculated, with the Argyllshire material a generalise 

eruption of tiny pustules with surrounding erythematous zones 

closely/ 
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eloseLy resembling the initial lesion of experimental SFR. 

Smears of the pus from these lesions showed a Grampositive 

thick mycelium occurring like colonies in small clumps. 

Giemsa-stained smears showed Cocois often in pairs with flat 

apposing surfaces, and branching 4'd1aments some of -which shoved 

transverse striations and others paired formations of cocci in 

chains. The morphology of this organism therefore appeared 

identical with that isolated from experimental B. Observaticn 

of the lesions on the cheviot hogs over a period of eight days 

confirmed that their development was indistinguidhable from tha 

of experimental SFR or from the lesiOns produced by cultures 

of the actinomycotic organism. Exactly similar lesions 

developed on the orf-immune hoggs, which gave no reaction to 

the test inoculum of orf virus while the susceptible hogg gave 

a typical orf reaction. This, then, indicated that neither 

orf nor 02D virus was present in the crust from Argyllshire., 

Oxblood agar and nutrient agar plates were inoculated 

with.an emulsion of the original crusts and also directly from 

the lesions on the hoggs with the intention of isolating the 

actinomyces-like organism seen in the smears. After 24. hours 

incubation at 379C the plates made from the original crusts 

showed a slight but definite growth of tiny colonies identical 

to those previously isolated from lesioa6 and dried crusts of 

experimental STR. .These were best observed on the nutrient 

agar plates using the 2/3 objective of the microscope. , There 

was however heavy contamination with o(j3 haemolytic sta?hylocoo 

colonies/ 
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colonies, rendering sUbeultivation of the tiny colony impossibl 

as it was very leathery and tenacious and could not be removed 

with a wire or .loop. 4brther elates were inoculated frxe the 

original erueta in the hope of obtaining a separate growth of 

some of the tiny colonies, but contamination with the 

etaphyl000ceue.ereveated all attempts at isolation. The 

cultures inoculated with material from the lesions shoved 

merely a nuMber of staphylococcal colonies, with not one 

actinqvcotic colony visible after 48 hours ineUbation. 

In view of these findings a visit was made to the:alTected 

flock ln Argyllshire to zee the clinical appearance of these 

lesion and to obtain further fresh material from which it 

might be possible to isolate the organisa. 

The flock consisted of approximately 3,000 Blackface 

eves which grazed some 6,000 acres of hill land. About 30 

tups were used, 20 of which had been bought five months 

previously in 6epteMber 1953. Lesions had first been observed 

on the tups when they had returned to in-bye land after tupping 

time i.e. about two months prior to this visit. It was then 

seen that several had small hairless areas on their heads, eith r 

nea:2 the base of the horns or on the crest of the nose. These 

were assumed to be wounds resulting from fighting, and it was 

not till some time later that a thoreag4 examination made it 

clear that the hairless areas were the lesions of a dermatitis, 

and that all the tups were affected in varying degree. The 

first indication of the disease was an erection of the hair over 

the/ 



118. 

the affected part, which was usually on the crest of the nose, 

or around the eyes or the base of the horns. A closer 

examination of the skin beneath showed the presence of small 

pustules and a scurfiness of the skin surface. use pustules 

remained discrete., ruptured and dried up rapidly with the 

formation of a snail thin crust, the lesions being about 0.2 

0.3 M. in diameter. Older standing cases showed hairless 

areas up to 5 cm. in diameter, with an irregular black scab 

in the centre. One or two of the tups showed in addition 

similar pustular lesions onthe legs, extending from the corone 

to the knees or hocks. Lesions were not observed on the 

woolled parts of the body. 

At the time of visiting this flock lesions in the tups we 

mostly in the later stages, but examination of the ewes had 

shown that the disease had spread to them and a considerable 

number were showisg,similsr lesions. 6everal tups and ewes 

were examined, and a small amount of crust was obtained from 

the latter for experimental purposes. 

In the laboratory these orustsweae desiccated for 7 days 

vacuo over calcium chloride, then ground up and emulsified in a 

small asount of bouillon. This emulsion was applied to the 

plucked flanks of two labs, one previously uninapculated and 

one which had received an inoculation of orf crusts five months 

previously, and was also cultured on to nutrient agar and 

oxblood agar plates. An emulsion of orf crusts was also 

applied to the flanks of both lambs. 

Within/ 
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Within 46 hours a reaction to the Argyllshire crust had 

occurred with equal severity on both lambs, consisting, as befo 

with the previous material from the same source, of numerous 

tiny pustules and marked erythema, In addition the susceptibl 

lamb showed a typical extensive orf reaction, while the 

previously inoculated iadb showed only a few isolated orf 

pustules. There was thus no indication that Inuanity to orf 

in ally way lessened the severity of the reaction to the 

Argylianire material which therefore could be assumed to contai, 

no orf or 0.:21) vir.a;,® 

o 
After 4.6 hours incubation at 37U colonies indistinguishable 

from those of the aetinomycotic organimn isolated from 

experimental ZER were observed on all plates, On this occasi 

the numbers ofoCp haemolytic staphylococcal colonies veye fewer 

rendering sUbeultivation of the tiny colony possible. Nutrient 

agar and oxblood agar plates were inocrOstedwith swabs taken 

fraa the lesions on the laab and after 72 hours incubation at 

3700 showed a sure growth of the tiny actinomycotic-like 

colony, which on the blood agar plates was surrounded by a 

zone of i3-haemolysis. 

having thus obtained the organism in pure culture a full 

investigation of its morphology and cultural characteristics. 

was carried out in order to compare it with the micro-organisa 

previously isolated. 

The results of this investigation showed that in 

morphology, staining reactions, growth characteristics on solid 

and in liquid media, metabolism, fermentation reactions, 

pathogenicity/ 
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pathogenicity and munity this micro-organism was identical 

to that previously isolated and identified as belonging to the 

genus Actinomyces0 in addition its growth was similarly 

inhibited by etherisat ion and by the presence of staphylococcal 

colonies, and it was penicillin sensitive. Filtration of 

broth cultures- of the organism through a 0.661Agradocol medinvnl 

by the _method previously described in this Section showed that 

it was retained by such a filter. 
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Addendum to Section IV 

In the latter stages of this work (August 195k) nforation 

was received from the Rowett Research Institute at Aberdeen tha4 

a case saia to be typical of Strawberry Foot Rot had occurred. 

A visit was made to see this animal, a erossbred 1R1b, which 

Was ex:a:Mined, add material was Obtained from the iesionst 

Lesions were present on the coronet on two feet, and consisted 

of thin scabs covering a mass of granulation 'tissue which bled 

freely on removal of the scabs (Fig. 55). In addition there 

was a small wart-like scab at one cam:Assure of the lips. On 

enquiry it was discovered that many cases had occunedamong,st 

the lanbs in the flock in the preceding weeks, lesions being 

seen both on the legs and on the lids and apparently also on th 

udders of a few eves. Since the appearance of the lesions and 

the description of the outbreak closely resembled orf, the 

material Obtained was applied to the plucked and scarified 

flanks of three normal laths and two hoggs inoculated with orf 

three months previously. A typical pustular orf reaction 

developed on the nortal Iambs, a few isolated pustules only 

being seen on the previously inoculated. hoggs. At no stage 

did. the lesions resevible experimental SFR. 

Bacteriological examination of the crusts and swabs taken 

from the original lesions showed ainixture ail-haemolytic 

streptococcipaphaemolytic staphylococci and Uorynebaoterium 

oyogenes to be present. No actinowws-like colonies were 

grown. 

In all respects thereto= this case seen at Aberdeen was 

typica.lt 
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typical of orf. Uonfirmation of this was obtained by 

harvest_lig the crusts from the lesions produced on the susceptible 

lambs, emulsigying them in bouillon and passing the emulsion 

through a 0.661.1 i!raaocol wembrane filtere This fi/trate, whisk 

proved bacteriologically sterile, procueed typical orf lesions 

when applied to the flanks of two normal lambs. 



Fig.55 Coronet lesion of case said to be typical 
of SIPTI4 and Which was shown to contain orf virus. 
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Discussion 

Natural cases of the disease named StraWDerry Foot Rot by 

Harris and said by him to be widespread in the North-East of 

Scotland have Droved impossible to find for purposes of 

comparison with orf and OFD.. The explanation for this may be 

that either the disease is much less common than was first _ 

suggested or that perhaps, as Harries himself stated, the 

clinical simiblvity of the lesions of SFR and orf tends to 

conceal the existence of SFR as a separate entity. This is 

yell borne out by the fact that the one field case examined-in 

this investigation as SFR at the howett 1:esearch Institute was 

proved to be a case of orf. 

From information obtained in Aberdeenshire it appears that 

the term 'StaWberry- Foot Rot' is apilied by the layman with 

equal facility to any ulcerative dermatitis of the legs of shee 

resulting in the forAation of a mass of ..ranulation tissue and 

could therefore equally well be applied to oases of typical 

Border orf. 

The assignation of a virus etiology to SFR rests on the 

slender evidence of a limited number of gradocolmeMbrane 

filtration experiments carried out by Abdussalam and Blakemore, 

and also the statement by aelbie, quoted by Horgan and haseeb, 

that a new: virus of the animal pox group called strawberry foot 

rot had been isolated from sheep in Scotland. .N.so experimental 

record of the isolation of such a virus has ever been published 

and the results of all experimental work carried out on the 

material/ 
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material available in this investigation to determine the 

nature of the infective agent of SR instead of confiraing that 

it is a Virus, have in fact proved it to be bacterial by the 

failure to demonstrate elementary bodies in the lesions or in 

purified preparations from thea, the failure of the Infective 

agent to pass a coarse gradocol 11.-tiibrane filter, and by the 

isolation of an organisa first seen in the experimental lesion 

and which in pure culture rebroduces these lesions exactly both 

macroscopically and histologically. In addition this micro. 

organism is inhibited by etherization and produces no demonstra 

inmunity In infected lamb, both features being said to be 

characteristic of SM. 

No systematic bacteriological examination appears 

previously to have been carried out in SFR. Abdussalem and 

Blakemore (i 946) observed a filamentous organism resembling 

Fusiformis necrophorus in the exudate from rabbit lesions whic 

could not be isolated in culture. - No descriotion of its 

morphology or staining characteristics was given, and it 

therefore cannot be compared with the micro-organism isolated 

in the present investigation. 

There are several features of this actinowcotic micro- 

organism which when considered together -may account for the 

fact that it has not previously been discovered in this country 

First, the large nuiber of coccal forms which are produced 

closely resemble staohylecocci in morphology, arrangement and 

staining reactions, and in smears made from the lesions would 

bei 
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be indistinguishable from the staphylouoccus. Second/y, con- 

siderable numbers of staphylococci are found co-enisting in the 

lesions, and being readily grown in culture they offer an 

apparently simple and straightforward exdlanation for all the 

coceal forms seen microscopically. Thirdly, these haemolytic 

staphylococci, as has been shown, inhibit and obscure the growth 

of the actirlaikycotic organism in vitro, again leading the 

observer to the erroneous conclusion that they are the sole 

bacterial flora of the lesion. lastly, the size of the coloni s 

of the actinomycotio organism is initially so small that unless 

present in large numbers they °Quin easily be overlooked. 

These features, then, combined to render the initial 

isolation of this organism a difficult procedure which was only 

rendered possible by the chance use of material in which the 

numbers of staphylococci had been greatly reduced by 

desiccation and prolonged storage followed by several ovine 

passaees with intervening desiccation. Glover (1932-53) 

described the necessity in CPI) of similar treatment of iafecti 

crusts to destroy or attenuate the associated staphylococci and 

thus to prevent the production of a fulminating type of lesion. 

The similar micro-organism isolated by Seull (1929) and 

named by his Actlaomyees dermatonomus is the cause of a disease 

of merino sheep in South Africa and Australia knoon as bumpy or 

Matted nool. A full description of its morphology and c,ltural 

characteristics was riven by bull, and the micro-organism isola 4a d 

in the present investigation agrees very closely with this 

description/ 
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description in all but a few minor respects, the major 

characteristios of morphology, cultural reactions and pathopeni 

being identical. These minor differences are listed in '2able 

TABLE XI 

- 

ActinoAyces 
dermatonomus 
Dull 192 

Organism isolated 
ih present 

investi-ratio 

Association with 
othex. bacteria 
or moulds. 

None0 
Usually associated with 
ocp haemolytic 
staphylococci. 

Growth under 
. 

anaerobic 
conditions. 

None. Good. 

Action on 
Loeffler's 
serum. 

__ 

No digestion after 14 
days at 37°C (Not 
recorded beyond thiS 
time). 

..._. . 

Digestion after 28 days 
at 37°0. 

Action on litmus 
milk. 

Colour bleached 3.n 14. 

days, yellow pigment 
of organism Imparted 
to medium. 

No change *alkalinity 
hence no colour changea 

Action on 
mAltose. 

No changea 

, . 

':Acid but no gas 
produced after 5 days. 

.....-....., 

Lumpy Wool disease appears sporadically, and takes the 

form of hard pyramidal masses, ajout half an inch in diameter 

and extending up the wool fibre for about an inch, which are 

formed by coagulated exudate and hiperkeratinised epithelium, 

and are usually found on the dorsal aspect of the body. 

Zimilar wart-like- masses are occasionally observed on the face. 

Recently developed pyramidal masses are removed with 

difficulty and leave a raw bleeding surface. Young animals 

appear/ 
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ppear more susceptible than the fuligrown sheeo, and the disel 

-uns a course of four months or longer, the masses eventually 

separating off and growing out with the wool Steyn (1 931) 

ives a sini3A'r description of the condition in South Africa, 

but adds that in the worst cases the ears, no and legs are 

fected. 

The accounts of both Bull and Steyn regarding the 

xperimentaï transmission of the disease 1 broth cultures of the 

rganisui are of interest. Erythema was noted after 24 hours, 

with the formation of minute yellowish pustules at 4b hours', 

which later enlarged and scabbed Over. In Bull's case the 

maximam reaction occurred at the seventh day with complete 

resolution by about the twelfth day. Histological examination 

showed that the organism remained confined to the crusts and 

to the superficial epidermal cells. There is therefore con-, 

siderable resemblance between the experimental lesions of the 

Australian disease and of SFR. This similarity however does 

not extend to the natural diseasea, and the clinical appearance 

of lavy wool disease bears no obvious relationship to any 

dermatitis of sheep known in Britain, and it ray be that the 

breed of sheep and the climate are factors determining the 

appearance and distribution of the lesions in Australia. Bull 

mentioned that moisture facilitated experimental infection and 

that natural eases mele most prevalent when weather conditions 

were net - it is therefore of interest to note that here the 

organism was isolated from a flock in Argyllshire, which has 

probably/ 
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robably a higher ra,infa.11 than most other parts of Scotland. 

An important point concerning the lesions obsexved in the 

Argyllshire outbre ak. of deznatitis, and which are considered 

to have been due solely to infection with the actinomycotic 

organism, is that they did not resemble in bodily distribution 

or appearance Liarriss's description of natural SM. A possible 

explanation for this discrepancy is the suggestion put forward 

in the discussion to Section II of this work that in addition 

to the actinomycotic organism, orf virus was originally present 

in the natural cases of SIM investigated by harriss. The 

actinomycotie organiaa, however, does not appear to be a 

common secondary invader in orf or CD, since ap examination of 

material from 20 cases, representing 10 different outbreaks, 

showed no organism of this type to be present, although virus 

was demonstraole in every nase-0 
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Conclusions 
Summary 
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TION 

CONCLUSIONS 

The results or the -work carried out in this investigation 

haw proved that Border Orf is caused by a filtrable varus which 

has been isolated aid studied in the form of a purified 

elementary beta/ suspension. Oomparison of this virus with an 

t . glish strain of the virus of contagious pustular dermatitis 

las shown the two to be identical in their pathology, 

athogenicity and immunological reactions.. One difference only 

xists, and that is the predilection sites of the natural 

disease - the le{ in orf, and the lip in (WD. No indication 

as been given why this solitary differential feature should 

cour, or why the predollinance of leg lesions should be confined 

to the Border areas of Scotland and England, while in the rest 

pf the world the lips axa' most commonly affected. The 

conclusion drawn, therefore, is that Border Orf and contagious 

ustular dermatitis are different clinical manifestations of one 

a 

pecific disease. 

It has also been proved that the strawberry foot rot 

..terial examined was in no way related to orf or CPI) either in 

its pathology, pathogenicity or iralunology, and that it 

ntained as its etiological agent not a virus but a bacterium 

hich has not previously been isolated frmA sheep in areat 

ritain, but which was described by Bull (1929) in Australia 

d named by hin Actinomyces dermatononus. The same niero- 

rganism has also been isolated in the course of this work 

ran/ 
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from a field outbreak of dermatitis in sheep in Argyllshire, 

where the lesions produced did not, however, rese,mble the 

original description of natural straWberry foot rot given by 

Larriss (i 948). That this micrc-.organism plays a considerable 

part in the etiology of SFR is shown by the fact that it 

produces in the experimental sheep a proliferative dermatitis 
. 

with a histological structure closely resembling that 

described by Darr ss. In addition, infection with this 

micro-organisli produces no demonstrable immunity in the sheep 

to reinfection with itself, and it is inhibited or destroyed 

by ether, both of which findings we ,e originally stated to 

be characteristic of the infective agent of 

It also been demonstrated that infection 

orf and CPI) strains used in this work gave absolute protection 

against reinfection with either strain for a period of three 

months only. This provides evidenee that harriss's claim of 

a complete lauk of.eross-immunity between SFR and UPD-may not 

necessarily be correct, as he allowed an interval of two and 

a half months to elapse before challenging the immunity 

produced by SFR with a highly virulent strain of CPD virus, 

which may readily have overcome the immunity produced by a 

less virulent strain of orf virus. 

It is therefore suggested that the SFR outbrea k. described 

by harriss may have been caused initially by a strain of orf 

virus of moderate or low- virulence, the lesions becoming 

secondarily invaded by the actinomcotic organism. Previous 

failures to isolate this organism were probably dUe to the 

inhibitory/ 



innibitory effect hich the co-existing haauolytic 

staphylococci have been Shown to exert on its growth in vitro. 

The occasional failure of vaccination against orf and 

OPD to protect against the natural disease in Great Britain 

is considered to be accounted for by the fact that in certain 

sheep tau ilAy rapidly dininishes three months after such 

va6cination. 
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SUMMARY 

A comparative study of three dermatoses of sheep, 

namely Border Uri', L,ontagious Pustular Dermatitis and 

Strawberry Foot Rot, has been carried out. 

In all three diseases the natural lesions are clinic 

indistinguishable from each other, although affecting 

different sites - Border Orf and STAR the legs, and CPI) the 

lips and nostrils. 

Under ex2erimental conditions the development and 

appearance of the lesions of Border Orf and GP]) are identi 

as is their histological structure, both exhibiting the 

stages of papule, vesicle, pustule and scab. SFR can 

readily be distinguished by its rapidly-forming Liustular 

eruption in which no vesicle stage is observed. 

Bistoloically this latter disease is characterised by 

marked proliferation of the epidermal cells and by 

Ilyperkeratesis. 

Border Off and CPI) were alike in failing to infect 

either rabbits or guineapigs. Lesions were readily 

produced in both these s?ecies by SFR. 

Border orf has been sl]own to be caused by a filtrable 

virus, whickì has been isolated in the fors of a purified 

elementary body suspension, and which is morphologically 

and serologically identical with the virus of CPD. Nc 

evidence of virus etiology could be found in SFR. 
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Immunologically Border orf and aeD have been shown to 

identical. In the experimental sheep infection with eith 

of these viruses produces a solid innunity lasting for th 

months only. Thereafter in certain animals the level of 

immunity rapidly diminishes. SFR is immunologically 

unrelated to Border arf or &D, and fails to produce any 

demonstrable km:amity in the experimental animai. 

7. A micro-organism of the genus Actinomyees, not 

previously reported in association with sheep dermatitis 

in this country, has been isolated from SFR. Pure cultu 

of this organism eproduce exactly the experimental lesion 

of SFR. When inoculated into experimental sheep, no 

demonstrable immunity is produced, and the organism itself 

is inhibited or destroyed by treatment with ether. It is 

therefore su nested that it plays an important part in the 

etiology of SFR. The haemolytic staphylococci invariably 

found in association with this organista have been shown 

to exert en inhibitor- effect on its gromth in vitr o. In 

morphology and cultural chaeacteristics this organism 

closely resembles Actinomyces dermatonomus, which has 

previously been isolated from outbreaks of humpy Wool diee 

in Merdno sheep in Australia. 

8. A micro-organism identical to that described above ha 

been isolated from a field outbreak of dermatitis in a 

flock of Blackface sheep in Argyllshire. 

9. It has been possible to examine only one natural case 

be 

r 
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of SFR durinL this investigation. The lesions in this 

ease were proved to cc,ntain orf virus. It is therefore 

suggested that in this instance a case of Border orf was 

mistakenly called SFR on the clinical agi)earanLe of the 

lesions. 
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