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1. 

SUMMARY 

The clinical responses of susceptible and 

previously infected sheep to orf infection were 

similar except in the speed of development. In both, 

the lesions progressed through the classical pox stages 

of papule, vesicle, pustule and scab. The duration of 

each stage was significantly shorter in previously 

infected sheep than in susceptible sheep. A few of 

the previously infected sheep (5.3 per cent) were 

refractory to reinfection. 

The histological changes associated with orf 

infection in susceptible and previously infected sheep 

were assessed. In both, there was a thickening of the 

epidermis at 30 hours post -scarification. Ballooning 

degeneration followed in the cells of the upper layers 

of the epidermis and progressed to form vesicles in 

four to six days in susceptible sheep and three to four 

days in previously infected sheep. Inclusion bodies 

were not observed. Resolution, as manifested by 

restitution of the normal histological structures, 

occurred in three to five weeks in susceptible sheep 

and in less than two weeks in previously infected sheep. 

Examination by electron microscopy of ultrathin 

sections of biopsy samples collected at intervals from 

susceptible and previously infected sheep confirmed 
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the clinical observations and the observed histologi- 

cal changes revealing evidence of virus multiplication 

in previously infected sheep as well as in susceptible 

sheep. In susceptible sheep, the first evidence of 

virus multiplication was at 30 hours post- scarification 

whereas in previously infected sheep it was at three 

days. Virus persisted in skin tissue for 17 days in 

susceptible sheep and for three to seven days in 

previously infected sheep. Granular masses believed 

to be accumulations of new virus constituents were 

observed in the cytoplasms of the cells of the upper- 

most layers of the epidermis. They were diffusely 

distributed in the cytoplasms and were never observed 

in the nuclei. Immature and complete virus particles 

appeared in the cytoplasms and cytoplasmic vacuoles of 

the cells of the uppermost layers of the epidermis and 

in extracellular spaces. In one section only a few 

virus particles were observed over the nucleus. 

Electron microscopy did not permit differentiation 

between primary and secondary reactions when samples 

were collected within six days of scarification. 

Infectious virus was recovered from lesions in 

susceptible and previously infected sheep. Virus 

applied to scarified skin of both susceptible and 

previously infected sheep disappeared completely within 

24 hours and samples collected at this time were not 
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infective. Virus reappeared within 30 hours post - 

scarification in susceptible sheep and at two days in 

previously infected sheep. The increase in new virus 

was exponential, the highest titres of infectivity 

being detected in susceptible and previously infected 

sheep at four and five days post -scarification respec- 

tively. The high titres were maintained for more than 

two weeks in susceptible sheep but in previously 

infected sheep the plateau phase was short, namely, 

three days. Disappearance of virus from samples 

taken from previously infected sheep was very abrupt. 

The decline phase in susceptible sheep was spread over 

three weeks. 

Virus behaviour in cell cultures was also studied. 

Particles in different stages of development were seen 

in the cytoplasms of infected cells and were similar 

to those observed in skin sections. The rate of virus 

multiplication in cell cultures was similar to the rate 

of multiplication in susceptible and previously infected 

sheep but it occurred earlier. 
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INTRODUCTION 

Pox infections of sheep and goats are a major hazard 

of livestock in the semi -arid areas of the tropics and 

subtropics particularly in the countries of the Middle 

East; in particular, sheep pox disease remains a serious 

and constant problem in vast areas where sheep are 

economically important. Vaccination has been practised 

for many years but appears to have had little effect on 

endemicity. The virus of orf, a benign disease of sheep 

and goats of world -wide distribution, is a member of the 

pox group of viruses and I have, therefore, used orf 

virus as a model for the study of the pathogenesis of 

pox- infections in susceptible and previously infected 

sheep, and in cell cultures, with the objective of 

increasing our understanding of the epidemiology of the 

poxes in the hope that rational control and preventive 

measures can be formulated. 
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REVIEd OF THE LITERATURE 
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RECOGNITION OF THE DISEASE 

Orf, a widespread disease of sheep and goats, has 

many synonyms; for example, contagious pustular 

dermatitis (CPD), contagious ecthyma, Ecthyma contagiosum 

are terms commonly used in textbooks. In addition, 

however, there are numerous vernacular names such as 

"black muzzle ", "scabby mouth" and "sore mouth ". Man is 

also susceptible (Boughton and Hardy, 1934; Peterkin, 

1937) and acquires the disease through contact with 

affected animals. On rare occasions, dogs have acquired 

infection through eating infected sheep carcasses 

(Wilkinson, Prydie and Scarnell, 1970). 

Walley (1888) recognised that orf was a pox -like 

infection because of its mode of evolution. Nevertheless, 

for many years the causative agent of the disease was 

believed to be a bacterium, Fusiformis necrophor 'us, 

because of the regularity with which it could be recovered 

from the lesions (Hoare, 1913). It was not until 1923 

that Aynaud was able to demonstrate a filterable virus in 

scabs as the cause of the disease. He also reported 

that the virus survived in the scabs from which fresh 

animals were infected long after the resolution of the 

original outbreak. He also noted that the disease in 

sheep bore many similarities to vaccinia and variola 

viruses. The findings of Aynaud were confirmed later by 

Lanfranchi (1925), Glover (1928), Howarth (1929), Boughton 
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and Hardy (1934) and Manley (1934). 

The disease has a world -wide distribution (Selbie, 

1944; Plowright, Witcomb and Ferris, 1959). Sheep and 

goats of any age are susceptible but the disease is more 

frequent and is allegedly more severe in animals under 

one year of age (Berry, 1901; Aynaud, 1923; Glover, 

1928; Schmidt and Hardy, 193,; Boughton and Hardy, 

1934; Sabban, El- Dahaby and Hussein, 1961). Outbreaks 

of the disease are not confined to any particular period 

of the year but seem to be more prevalent during the 

spring and summer months (Glover, 1928; Manley, 1934). 

The experimental and natural lesions of the disease 

progress through the classical pox stages of macules, 

papules, vesicles, pustules and scabs (Glover, 1928; 

Boughton and Hardy, 1934). The natural lesions may show 

considerable variations in their severity and all grada- 

tions may be encountered from the mild form in which the 

pustules are strictly localised to the nostrils and the 

external aspects of the lips and surrounding tissues, to 

the acute form in which severo lesions occur on the 

mucous membrane of the mouth, the vulva, the cornea, and 

on various parts of the body, particularly the regions of 

the coronet and the tail. In addition, Lutu (1971) 

found inapparent infections occurred in a high proportion 

of older lambs reared in a flock endemically infected 

with orf and were rocognis3d either by the presence of 
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antibodies or by the secondary character of the antibody 

response following inoculation. 

Boughton and Hardy (1934) reported that in the 

natural outbreaks of the disease there was no generalized 

eruption over the hairless parts of the body nor have any 

systemic disturbances been noted. However, infected 

material produced the typical lesions of the disease when 

inoculated into the skin of any part of the body. More- 

over, when Boughton and Hardy (1934) inoculated the 

scarified skin they found that the lesions developed only 

at the site of inoculation and did not spreadconfirming 

earlier reports by Glover (1928) and Schmidt and Hardy 

(1932) . 

Scabs obtained five to 14 days after scarification 

are known to contain a high concentration of orf virus 

(Abdussalam, 1958; Olah and Elek, 1953; Lutu, 1971; 

and Romero -Mercado et al., 1973). Moreover, the disease 

is spread by means of the crusts which are highly infec- 

tive and once the malady has made its appearance in a 

flock few of the lambs are likely to escape (Glover, 

1928). Boughton and Hardy (1934) believed that the 

direct contact between healthy and infected animals was 

responsible to a large extent for the rapid spread of 

the disease through a flock in a pasture. They also 

suggested that the presence of the infective scab in the 

range and contamination of the water supply might furnisL 
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a common source of infection. 

As reported by Glover (1928) and confirmed by 

Boughton and Hardy (1934) intravenous and subcutaneous 

inoculation of susceptible animals with the virus of 

contagious pustular dermatitis failed to produce lesions 

nor were any general systemic symptoms manifested. 

Moreover, they were not able to transmit the infection to 

susceptible animals using defibrinated blood drawn from 

infected animals at the height of the disease. 

Glover (1926) and others have reported that the 

advent of natural outbreaks of the disease in a flock did 

not lead to high mortality but there was a considerable 

loss in condition which might extend over a period of 

five or six weeks, a loss which was all the more serious 

in that the lambs which were being fattened seemed to be 

particularly prone to infection. Darbyshire (1961), 

however, observed several outbreaks in sheep below one 

year of age which were characterised by multiple ulcera- 

tive or pustular eruptions in the buccal cavity, cheeks, 

tongue and lips together with extension to the gastro- 

intestinal tract. The affected animals had elevated 

temperatures. The mortality was high and ranged in 

different outbreaks of the disease from seven to seventy - 

eight per cent. This work, however, can be criticised 

on the grounds that the presumptive diagnosis of orf was 

not confirmed by acceptable methods; Darbyshire was able 
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to produce skin lesions on scarified sites but he did not 

demonstrate the presence of orf virus. 

Sabban and his colleagues (1961) described outbreaks 

of the disease among foreign and native breeds of sheep 

in Egypt. This disease was characterised by rise of 

temperature and slight mortality (four per cent); the 

lesions were usually confined to the mucocutaneous region 

of the commissures but not inside the mouth and in some 

cases they noted leg lesions. Sabban and his colleagues, 

however, failed to confirm the presence of orf virus. 

Similarly the recent report by Kumar, Pachalag and 

Chattopadhyay (1974) in which they describe a fatal 

contagious ecthyma in imported adult Merino sheep in India 

which was characterised by fever, profuse salivation and 

lacrimation together with mucopurulent discharges, is 

suspect because the presence of the virus was not confirmed. 

The mortality rate was 20 per cent. 

Despite the reports of fatal epidemics there is no 

evidence of plurality of the virus. (Aynaud, 1923; 

Glover, 1928; Howarth, 1929; Boughton and Hardy, 1934; 

Nisbet, 1954; Precausta and Stellmann, 1973). 

The histopathological features of the disease as 

described by Glover (1928) were characterised, in the 

early stage, by the proliferation of the cells of the 

Malpighian rete and by swelling and rounding of the cells 

of the Stratum granulosum. Later these changes were 
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pronounced and the superficial zone of the epidermis bore 

a strong resemblance to the "ballonisante" stage seen in 

the lesions of vaccinia. The dermis showed infiltration 

of leucocytes, mainly polynuclear cells. Glover (1928) 

added that there was no evidence of intracellular 

particles of the nature of the inclusion bodies of 

Guarnieri. 

Nisbet (1954) concluded that orf and contagious 

pustular dermatitis were similar and identical histologi- 

cally and, in both, intracytoplasmic inclusion bodies 

were not present. Wheeler and Cawley (1956) reported 

that the early chases of the disease in sheep skins were 

characterised by ballooning degeneration of the uppermost 

portion of the prickle cell layer which resulted in 

multilocated superficially placed vesicles and pustules 

which were replaced late in the disease by a heavy crust. 

The dermis showed infiltration of rounded cells and 

reticulo -endothelial cells. Later pseudo -epitheliomatous 

hyperplasia and granuloma formation which gave way near 

the end of the disease to a papillomatous phase were ¡r, 

evidence. 

Recently Kluge, Cheville and Peery (1972) reported 

that the first epidermal change seen histologically in 

sheep skin infected with contagious ecthyma virus was 

slight acanth osas at the 31st hour post- inoculation. 

Keratinocytes were enlarged and many contained small 
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periodic- acid -Schiff -staining granules. Basophilia in 

pyronine- stained sections and orange fluorescence in 

acridine orange- stained sections were increased. 

Sections stained with fluorescin isothiocynate contained 

small foci of weak intracytoplasmic fluorescence. 

Sections examined by electron microscopy showed rare 

virions. Later at the 55th and 72nd hours post - 

inoculation marked acanthiosis with elongation of the 

rete pegs was seen in the epidermal cells and a large 

percentage of keratinocytes had green cytoplasmic 

fluorescence. At that time ballooned cells were 

observed and contained large eosinophilic cytoplasmic 

inclusion bodies. They added that electron microscopic 

examinations of samples collected from 72 to 13 hours 

revealed the highest concentration of virions. Virions 

in various stages of maturity were in focal areas of the 

cytoplasm of infected keratinocytes but a large single 

local viral factory was not seen. Moreover, Kluge and 

his colleagues added that the disease could be identified 

by microscopic examinations of epidermal lesions as early 

as 31 hours after inoculation. The diagnosis depended 

upon the finding, usually at the periphery of the lesions, 

of markedly ballooned keratinocytes containing distinct 

basophilic cytoplasmic inclusion bodies. In subacute and 

chronic infections the diagnosis was masked by epithelial 

hyperplasia and tissue deb'is but the FA test made it 
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possible to diagnose these lesions. 

Hart, Hayston and Keast (1949) reported that in 

resistant sheep or those that had recently recovered from 

experimental or natural infection the disease ran a very 

mild course, and lesions healed in seven to 15 days, the 

majority of cases healing in from 10 - 13 days. 

iirythema, swelling and pustule formation when present, 

were rarely pronounced, usually consisting of thin dry 

scabs along the scarification line. 

Wheeler and Cawley (1956) added that re- inoculation 

of the virus of orf into partially immune sheep produced 

essentially the same lesions grossly and microscopically. 

The re- inoculation lesions lasted for a much shorter 

period and the granulomatous phases appeared much earlier 

and in most animals the papillomatous phase was not seen; 

when it did occur, it was inconspicuous and of short 

duration. 

CLASSIFICATION 

Nisbet (1954) observed small cocci under the light 

microscope and pox -like particles in metal- shadowed 

preparations examined by electron microscopy. Nisbet's 

findings were confirmed later by Abdussalam and Cosslett 

(1957) who, on morphological grounds, assigned the virus 

of orf to the quadriform group of Ruska and Kausche (1943) 

which contains the viruses of Molluscum contagiosum, 
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ectromelia, rabbit myxoma, canary pox, vaccinia, swine 

pox, fowl pox and varicella. Nagington and Whittle 

(1961) observed the criss -cross pattern and oval shape of 

the virus in negative -stained preparations that was to 

prove characteristic of orf virus and which distinguished 

orf virus from other poxviruses. In 1964 Huck classified 

orf virus along with the poxes of horse, sheep, goats, 

pigs and camels and bovine papular stomatitis virus in a 

sub -group of the pox viruses called the ungulate poxes. 

Peters, Müller and Buttner (1964) proposed the descriptive 

term "paravaccinia" for the subgroup which they limited to 

viruses causing orf, bovine papular stomatitis and milker's 

nodules. Nagington, Tee and Smith (1965) pleaded for the 

term "orf subgroup" instead of "paravaccinia subgroup ". 

Their plea was heeded and Meinick and McCombs (1966) 

classified orf virus in subgroup II (orf -like viruses of 

the poxviruses group). To -day the virus is still classi- 

fied in the orf subgroup (Moss, 1974) which includes orf 

(contagious pustular dermatitis), bovine papular stomatitis 

and milker's nodules. 

The vertebrate poxviruses show a similarity in size, 

morphology, chemical composition, including DNA content, 

and mode of development in the cytoplasm of host cells 

(Moss, 1974). Members of the defined groups and some of 

the ungrouped mammalian pox viruses (swine pox, molluscum 

contagiosum, Yaba virus, and Tanapox) have been shown to 
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share a common group "NP" antigen (Woodroofe and Fenner, 

1962) and have the capacity to rescue other heated - 

inactivated pox viruses by a process of nongenetic reacti- 

vation (Fenner and Woodroofe, 1960) . Wit'-/groups, the 

pox viruses are closely related, both morphologically and 

antigenically, and generally have quite similar biological 

properties (Fenner and Burnet, 1957; Downie and Dumbell, 

1956; Andrewes and Pereira, 1972). 

MORPHOLOGY 

The virions of all pox viruses appear as large oval 

or brick -shaped bodies (Moss, 1974). Vaccinia virus 

particles measured approximately 270 x 218 nm in cross - 

section (Westwood, Harris, Zwartouw, Titmuss and Appleyard, 

1964). Other members of the variola -vaccinia, myxoma- 

fibroma and avian subgroups were similar in size and 

appearance (Moss, 1974). Orf appeared to be narrower, 

for example, 252 x 158 nm (Abdussalam and Cosslett, 1957; 

Nagington, Newton and Horne, 1964), 260 x 160 nm 

(Nagington and White, 1961), 208 x 143 nm (Kujumgiev and 

Todorov, 1961), 250 x 170 nm (Spradbrow, 1968), 240 x 

170 nm ( Knocke, 1962), 240 x 140 nm (Mitchiner, 1969), 

270 x 180 nm and 320 x 175 nm in negative- stained prepara- 

tions (Kluge, Cheville and Perry, 1972), 300 x 170 nm 

(Poulain, Gourreau and Dautigny, 1972) and 270 x 170 nm 

(Faizulina, Zaitsev, Khandeuv and Anufriev, 1973). 
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Sheep pox was smaller being 194 x 115 nm (Abdussalam, 

1957). 

Electron microscopy of either neEatively stained or 

thin -sectioned specimens of vaccinia virus revealed a 

complex structure consisting essentially of a biconcave 

core, two lateral bodies which fitted into the concavi- 

ties and an envelope (Peters, 1956; Epstein, 1958; 

Dales and Siminovich, 1961). The external surface of 

the virions of vaccinia appeared beaded when negatively 

stained (Noyes, 1962a, b). Westwood and his colleagues 

(1964) suggested that the surface projections were com- 

posed of loops of thread -like structures which were 

themselves double helices formed from two coiled strands. 

In contrast to vaccinia, orf virus exhibited what appeared 

to be a single tubular thread in the form of a left -handed 

spiral coiled around the external surface (Nagington et al., 

1964). 

Morphological studies of orf virus using cytoplasmic 

extracts of cells infected with the virus showed two types 

of particles in the form of cylinders with convex ends 

(Nagington and Horne, 1962). Type -one was estimated to 

be about 230 to 260 nm long with a diameter of 150 to 170 

nm. Tubular structures of about 7 - 9 nm diameter were 

observed forming a criss -cross pattern with a centre - 

to-centre spacing of about 18 to 23 nm. The type-two 

particles were of less regular shape and appeared to be 
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enclosed in an outer envelope. Measurements indicated 

it was longer than the type -one particles being about 

300 nm long and 240 nm in diameter. 

The particles of bovine papular stomatitis (BPS) 

virus bore a striking resemblance to those of orf virus 

( Nagington et al., 1962). They were of similar shape 

and easily identified by the criss -cross pattern of 

tubular filaments measuring about 8 - 9 nm across. 

Undistorted particles have been estimated to have a mean 

length of 270 nm and diameter of 170 nm. When compared 

with orf virus these particles appeared to be somewhat 

longer but Nagington and his colleagues considered that 

this might not be significant because the particles were 

treated with formaldehyde before negative- staining. 

In the United Kingdom bovine papular stomatitis and pseudo - 

cowpox (milker's nodule) are widespread in dairy cattle 

(Nagington, Tee and Smith, 196). Pseudocowpox or ring - 

sores causeslesions on the teats of dairy cattle and less 

frequently infects the mouth and muzzle of calves to give 

lesions like bovine papular stomatitis (Williams, Plowright 

and Burrows, 1966; Nagington, Lauder and Smith, 1967). 

From electron microscopic studies, pseudocowpox has 

been classified as a member of the paravaccinia group of 

pox viruses (Peters et al., 1964). Its dimensions in 

thin -sections as reported by Cohen, Delong, Sanders and 

Moscovici (1964) were 100 x 150 nm. 
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CULTIVATION 

Numerous attempts have been made to find an experi- 

mental host in which orf virus could be easily handled in 

the laboratory. Rabbits, mice, guinea -pigs and embryon- 

ated hens' eggs have all proved to be unsuitable or of 

limited value. On the other hand, orf virus replicates 

in cell cultures. Greig (1957) adapted three Canadian 

strains of the virus to cell cultures derived from skin of 

ovine embryos. Clear cytopathic effects appeared on the 

third day or fourth day after inoculation and usually 

resulted in complete destruction of the cell sheets by the 

seventh day. The behaviour of the virus in cell cultures 

did not change over a further ten passages. Similar 

results were described by Webster (1958) who used suspended 

fragments of sheep skin but he did not observe cytopathic 

effects in monolayer cultures. 

Plowright, Witcomb and Ferris (1959) achieved the 

adaptation of an English strain of contagious pustular 

dermatitis to primary cultures derived from sheep and calf 

testes and to embryonic kidneys of sheep, goats and cattle. 

Sheep testes monolayers inoculated with the virus of sheep - 

scab origin showed cytopathic changes of a non -specific 

type within 24 hours after inoculation. In the next 

passage the time to complete the cytopathic effects was 

seven days. Thereafter up to 12th culture generation 

it was two to three days. The cytopathic changes of a 
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non -specific type were not seen in the other monolayers 

employed because the adapted virus at the level of third 

or fourth passage in sheep testis and kidneys were used 

as inocula. Moreover, the cytopathic changes in infected 

cells were characterised by the formation of large granu- 

lar cytoplasmic inclusions consisting of a paranuclear 

"matrix" area which was eosinophilic and an outer zone 

which was more basophilic. Adsorption of the virus to 

testis cells was more complete than in kidney cells. 

The "eclipse" phase in kidney cells lasted over eight 

hours but was less than 12 hours. However, in both 

testis and kidney cells the "eclipse" phase was not well 

demonstrated from the data presented by Plowright and his 

colleagues. The virus was disseminated more rapidly and 

completely and the peak viral titres were higher in cul- 

ture of testis cells than in kidney cells. The virus 

titre in testis cells at 54 hours was over 10 
7.1 TC1D50 

per ml whereas in kidney cells at 48 hours was over 10 
6.1 

TC1D50 ml. Virus demonstrable in both testis and kidney 

cell culture fluids was consistently less than that in 

attached cells. In regard to the effect of repeated 

freezing and thawing on cultured virus, Plowright and his 

colleagues found that there was no reduction in the virus 

titres after five treatments. They concluded that the 

treatment did not inactivate CPD virus and, because the 

last titration figures were higher than the original, 
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might even have dispersed viral aggregates. The patho- 

genicities of the original sheep -scabs and cultured virus 

in sheep skins were similar; in both the pustules col- 

lapsed and dried out rapidly by the 13th to 15th day. 

The original scab produced fresh pustules away from the 

lines of scarification up to the 10th day. However, 

the animals used by them were not identified as to 

whether they were susceptible or previously infected. 

MacDonald and Bell (1961) found that orf virus grew 

well and produced clear cytopathic effects not only in 

monolayers of embryonic lamb kidney cells but also in 

stationary cultures of human amnion, human embryonic 

kidney and human embryonic liver cells. Embryonic lamb 

cells seeded with heavy inocula of orf scab suspensions 

developed specific cytopathic effects after 24 hours and 

most of the infected cells became detached from the walls 

of the tubes in three days. The virus appeared to reach 

maximum titres in cells after three days and was then 

liberated into the medium. MacDonald and Bell suggested 

that human amnion cells might be the most suitable cul- 

tures for isolating contagious pustular dermatitis virus 

from human and sheep lesions. 

Nagington and Whittle (1961) found that orf scab 

suspensions from human lesions produced cytopathic changes 

in primary human amnion cell cultures and in secondary 

monkey kidney cells but not in HeLa, Mkt and Am9 cell 
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lines. The cytopathic effects in both types of cells 

were characterised by the appearance of rounded cells at 

18 hours and there was no further change for 15 days when 

a few holes were noted. Passage to a fresh culture 

produced a similar cytopathic change after six days and 

the holes increased in size until there was complete 

destruction of the cell sheets. Subsequent passages 

gave the same cytopathic change after three to four days 

in fresh cells but took longer when the cells were old. 

The cytopathic changes were indistinguishable from those 

produced by CPD virus of ovine origin and similar to those 

reported by Greig (1957) and Plowright and his colleagues 

(1959). However, Nagington and Whittle did not find the 

cytotoxic effect associated with scab suspensions as 

reported by Plowright and his colleagues. They added 

that the series of changes which took place in the cell 

seemed to begin with the appearance of a granular eosino- 

philic "matrix" in the cytoplasm surrounding the nucleus 

and unequivocal inclusion bodies were rarely seen. 

When Nagington and Whittle applied the adapted virus 

to the sheep skin, it produced some lesions which regressed 

after seven to eight days. They thought that the virus 

might have lost some of its virulence for sheep after 

serial passage in human cells. They also suggested that it 

might be a phenomenon similar to the rapid loss of pock - 

forming ability which occurred in ohorio- allantoic membranes. 
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They did not, however, consider the immune status of the 

sheep. This conclusion therefore must be suspect. 

Nagington (1968) studied the growth of paravaccinia 

viruses in tissue cultures of bovine and sheep testis 

monolayers and human amnion cell cultures. He found 

that sheep virus was initially able to grow only in 

sheep cells whereas sheep virus recovered from human 

lesions had lost this specificity. Bovine virus from 

bovine papular stomatitis infections, teat ring sores 

(pseudocowpox) and calf mouth lesions as well as bovine 

virus from human lesions ( "milker's nodes ") were non- 

specific. Sheep strains from both sheep and human 

infections were generally distinguishable from the bovine 

strains by the type of cytopathic effects as shown by 

plaque formation; sheep strains tended to give "open" 

plaques whereas bovine strains more often produced the 

"closed" plaques. 

Papadopoulos, Dawson, Huck and Stuart (1968) culti- 

vated orf, pseudocowpox and bovine papular stomatitis in 

primary monolayers of calf testis and found that the 

three viruses were very closely related morphologically, 

in their behaviour in tissue cultures and serological 

properties but they appeared to differ in their biological 

properties; sheep did not respond to experimental infec- 

tion with pseudocowpox virus. In addition Huck (1966) 

described the formation of minor primary lesions on the 
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muzzle of calves following the inoculation of pseudo - 

cowpox and orf virus but there were no secondary lesions. 

Huck suggested that these lesions had characteristcs of 

the experimental bovine papular stomatitis lesions 

described by Plowright and Ferris (1959). 

Kluge, Cheville and Peery (1972) used primary ovine 

foetal kidney, Madin- Darby sheep kidney and an ovine 

brain fibroblast cell lines for isolating contagious 

ecthyma virus from scabs. They found that infected cell 

cultures developed characteristic foci of necrotic cells. 

Virions were seen in cytoplasmic foci similar to those 

seen in skin sections by electron microscopic examination. 

In addition they observed that a few cells in infected 

cultures contained viral particles, vesicles, mitochondria 

and membrane aggregates in the nuclei. Kluge and his 

colleagues considered these defects were an artifact. 

Precausta and Stellmann (1973) succeeded in adapting 

five strains of contagious ecthyma virus from scabs of 

infected sheep in France and in Iran. With all five 

agents, the cytopathic effects were characterised by the 

appearance of rounded cells within 24 hours. Later 

groups of these cells increased in size forming a plaque 

of cellular lysis. Simple staining with Giemsa or 
Yjfs1 

haematox¡ and eosin did not reveal any special cyto- 

pathic structures. However, fluorescent antibody 

techniques made it possible to show cytoplasmic inclusions. 
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Rossi (1973) claimed to have adapted three out of 

five strains of contagious ecthyma in cell cultures 

prepared from duck and chick. embryos fibroblasts. The 

cytopathic effects in both types of cells were very 

similar to those described by Nagington and Whittle 

(1961). In both cultures sporadic "viral matrix" 

inclusion bodies were evident by using Giemsa stain. 

The virus titre was higher in duck cells than in chick 

cells and in both the titres were higher than those 

obtained by Plowright and his colleagues (1959). More- 

over, after five passages of the virus in cell cultures 

Rossi found that it had lost its pathogenic activity for 

lamb and rabbit skins. 

Rossi and Casalena (1973) confirmed the findings of 

Rossi (1973). They found that the viral antigen appeared 

in the cytoplasm of duck embryo cells at 30 hours after 

inoculation with the adapted cell culture virus by using 

immunofluorescence methods. The sera used were prepared 

from sheep recovered from experimental infections with 

ecthyma virus and rabbits hyperimmunized with virus 

adapted on duck fibroblast cells. However, the pictures 

published by Rossi and Casalena which showed fluorescence 

are not convincing. 

Poulain, Gourreau and Dautigny (1972) used foetal 

sheep muscle cell cultures for adapting contagious pustu- 

lar dermatitis virus from scab. The first changes in the 
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infected cultures appeared at !8 hours as small plaques. 

Vdovina, Alley, Bekenbaev and Khanduev (1973) 

reported that the virus of contagious ecthyma exerted a 

cytopathic effect in primary cultures of cells of the 

skin and kidney epithelium derived from non - immune and 

immune lambs. The virus titre in both was 106 TC1D50 

per ml on the fifth day. In contrast, in organ cultures 

of the skin of immune animals the virus did not reproduce 

and became inactive on the fifth day whereas in organ 

cultures of the skin of non - immune animals the virus 

replicated and the titre reached 10 5.5 TC1D50 per ml. 

Recently Vdovina and Chormonova (1970 found that a 

vaccine strain of contagious ecthyma virus reproduced in 

organ cultures of the skin of the ovine foetus at the 

highest rate under conditions of free aeration and 

reached maximum accumulation of 10 
6.3 

TC1D50 per ml on 

the sixth day of incubation. Similarly they found that 

under conditions of forced aeration the titre of virus 

reached a maximum of 105.6 TC1D50 per ml also on the 

sixth day. In contrast, Vdovina and Chormonova found 

that a low titre of virus, namely, 104.0 TC1D50 per ml 

occurred when the virus was incubated in skin organ 

cultures without air. They concluded that the virus 

reproduced at a higher rate under conditions of forced or 

free aeration of an organ culture of the skin of the 

ovine embryo than in hermetically sealed flasks. 
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RESISTANCE TO REINFECTION 

Several reports claim that sheep that have recovered 

from a natural attack of orf or have been vaccinated 

against orf possess a "solid immunity ". For example, 

Carr (1932) claimed that animals recovered from natural 

infection remained immune for two and a half years while 

vaccinated animals were susceptible after one year. 

Glover (1928) also stated that animals remained solidly 

immune to artificial exposure for at least eight months 

subsequent to vaccination. Lanfranc,hi (1925) reported 

that the immunity was not always of long duration but 

might lapse after five to eight months. A similar find- 

ing was reported by Nisbet (1954) who cited a period of 

solid immunity ranging from three to six months. 

On the other hand, other workers found a proportion 

of previously infected sheep were not solidly immune when 

challenged with orf virus. For example, Boughton and 

Hardy (1934) reported that most vaccinated animals, one 

month after vaccination scabs had been shed, were immune 

against exposure to the disease as it occurred on the 

range but some vaccinated sheep were not completely 

immune to reinfection if the virus was rubbed into the 

scarified skin. Experiments were designed by Boughton 

and Hardy to test this reaction; they found that the 

disease upon re- inoculation with known virulent virus 

progressed to the pustular state only. The pustules 
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dried up and a very thick flaky scab formed and dropped 

away within eight or nine days. Not all the animals 

reacted in this way; some did not show any signs of a 

"take" indicating that a solid immunity had been estab- 

lished. 

Hart and his colleagues (1949) analysed the informa- 

tion that had accumulated in the course of general diag- 

nostic work. Immunized sheep were used that had usually 

been infected within the four months prior to use 

although in some animals the challenge doses were admin- 

istered eight, ten and, in one case, sixteen months 

following the previous inoculation. All the animals 

reacted and showed lesions at the inoculation site which 

healed in 10 - 13 days. In addition, Hart and his 

colleagues carried out an experiment in which two suscep- 

tible sheep and a sheep which had been immunized three 

months previously were inoculated with orf scab filtrate 

on the inner aspects of the thighs. The immunized sheep 

developed a transient lesion which healed ten days after 

inoculation whereas the susceptible sheep developed 

typical lesions which healed 22 days after inoculation. 

The disease in both immunized and susceptible sheep ran a 

typical course. Sabban and his colleagues (1961) noticed 

that when orf scab suspensions were applied to the scari- 

fied skins of previously infected imported sheep two 

months after recovery, that only five out of seven devel- 

oped a few lesions which disappeared rapidly. 
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Schmidt (1962) challenged sheep that had recovered 

from the natural disease using a suspension of orf- 

infected scabs which he applied to the scarified upper 

lips and found that the sheep were immune from thirteen 

days to five months after the onset of the natural 

disease. However, when the challenge site was changed 

from the lips to the inner thighs or chest, Schmidt 

judged that eighty -eight per cent of the sheep were 

susceptible two months after the onset of the natural 

disease. 

Glover (1928) described a relationship between 

acquired immunity and the stage of development of the 

lesions. He observed that by the ninth day of disease 

there was some resistance to reinfection and that the 

immunity became progressively more solid, until, by the 

fifteenth day, when the lesions had advanced to scab 

formation, it was absolute. A similar relationship can 

be derived from the work done by Boughton and Hardy 

(1934) who concluded that the vaccinated animals were 

susceptible to artificial reinfection after primary 

inoculation if the challenge was carried out before the 

original lesion had healed but the lesion produced by 

the second inoculation was mild in character and usually 

of short duration. The length of time elapsing between 

the two inoculations determined the character of the 

lesion resulting from the second, the longer the duration 

the milder the type of lesion resulting from the second 
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inoculation. 

Hart and his colleagues (l%9) also concluded that 

once a lesion had developed to the pustular stage, 

irrespective of whether the lesion was a result of 

natural infection or vaccination, sufficient immunity 

was developed either to prevent the development of 

further lesions or to ensure that the secondary infection 

ran its course in a shorter time than that of a primary 

infection. 

Glover (1933) established that orf virus was capable 

of stimulating the formation of antibodies. Lutu (1971) 

concluded that complement fixing antibodies developed 

sooner, reached higher titres and persisted longer than 

immunodiffusion antibody in susceptible lambs. Moreover, 

secondary responses occurred in most lambs previously 

infected with orf either naturally or experimentally. 

The antibody titres attained were higher than those of 

the primary response. 

Passively acquired antibodies in lambs and kids lack 

protective properties against natural and experimental orf 

infection (Boughton and Hardy, 1931; Trueblood et al., 

1963; Romero -Mercado, 1969; Kerry and Powell, 1971; 

Lutu, 1971). Moreover, inoculation of hyperimmune serum 

to susceptible lambs failed to protect sheep infected 

simultaneously by scarification (Olah and Elek, 1953). 

Plowright and his colleagues (1959) found that sera 

taken from sheep 21 days after inoculation of sheep -scab 



30. 

virus or cultured virus caused a variable degree of 

neutralization which in some instances (three out of 

eight sera samples) was hardly significant. There was 

no apparent difference between sheep infected by dermal 

scarification or by intradermal inoculation in provoking 

the production of neutralizing antibody. Abdussalam 

(1958) claimed to have obtained sera from rabbits infected 

with contagious pustular dermatitis virus that contained 

high titres of neutralizing antibodies. However, 

Plowright s group (1959) reported that high titres of 

neutralizing antibody could not be produced in rabbits. 

Nagington and Whittle (1961) concluded that the virus 

which they isolated in human cell cultures from the two 

patients was neutralized by the sera of convalescent but 

not uninfected sheep and there seemed to be a low level 

of neutralizing antibody detectable in the sera of 

convalescent patients. On the other hand, MacDonald and 

Bell. (1961) reported that they had not been successful in 

demonstrating unequivocally the development of orf 

neutralizing antibody after infection in either sheep or 

humans. However, they added that experimentally infected 

sheep developed significant rising titres of complement 

fixing antibody three weeks after infection by using 

antigen derived from infected lamb embryo kidney cell 

cultures. Similarly, Trueblood and Chow (1963) found 

that in vivo serum neutralization tests showed that 
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contagious ecthyma virus incubated with its homologous 

convalescent serum was not inactivated to the extent 

that it would not cause an infection in sheep. The 

same result was true with ulcerative dermatitis virus. 

They added that this was the best evidence that these 

disease entities did not produce protective neutraliz- 

ing antibody. 

Khanduev and his colleagues (1969) reported that 

serum collected from animals recovered from either a 

natural attack of the disease or vaccinated with atten- 

uated strains of ovine contagious ecthyma virus failed 

to inhibit the growth of the virus in tissue cultures. 

Nevertheless, the sheep did not respond to challenge. 

They postulated that different antibodies were respon- 

sible for the virus neutralizing effect and the protec- 

tive immunity, the latter being of local nature. 

Recently Poulain and his colleagues (1972) reported 

that ecthyma virus adapted to grow in cell cultures of 

sheep foetal muscle was neutralized in vitro by sera 

from animals sick, convalescent or immunized intrader- 

mally against the virus. The neutralizing effect was 

transmitted through the colostrum. The neutralizing 

efficiency of the sera was enhanced by the addition of 

complement. The antibody which produced the neutraliza- 

tion was shown by immunoabsorption to be a gamma globulin. 

Therefore, they recommended immunization of pregnant ewes 
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to protect their offspring. Their findings are so 

completely at variance with those of other workers 

that they must be confirmed independently. On the 

other hand, workers who have studied orthopox virus 

infections regularly report the development of high 

neutralizing antibody titres. 
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MATERIALS AND METHODS 
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VIRUS 

The strain used was the Easter Bush strain of orf 

virus described by Romero- Mercado (1969). It was in 

the form of infective dried scabs which had been stored 

in the deep freeze at -18 °C for more than two years. 

Suspension of the scabs were freshly prepared when 

required in either phosphate buffer saline (PBS) or 

Hank's balanced salt solution (HBSS) using a mortar and 

pestle. The suspension was centrifuged at 2000 g for 

30 minutes. The supernatant fluids were collected, 

treated with antibiotics at the rate of 50 yg of 

streptomycin and 100 units of penicillin per ml and 

held overnight at L C. 
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EXPERIMENTAL ANIMALS 

Cheviot, Suffolk, Blackface, Zetland, Cheviot- 

Suffolk crosses and Border Leicester -Blackface crosses 

(Greyface) were used. Most were reared either on 

Easter Bush farm or on the farms of the Edinburgh 

School of Agriculture. The Zetland sheep were imported 

from Shetland. 

Lambs that were clinically examined weekly from 

birth were designated "susceptible" if no orf had been 

diagnosed in the flock. Sheep designated "previously 

infected" were all observed as having been infected 

naturally or had been exposed artificially. Sheep on 

experiment were housed and during the first two weeks of 

exposure were held singly in metal crates. 
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IN VIVO STUDIES 

EXPERIMENTAL DESIGN 

The in vivo studies were designed to elucidate 

similarities and differences in the responses of suscep- 

tible and previously infected sheep after artificial 

exposure to orf virus, particular attention being paid 

to clinical, histological and ultrastructural changes. 

The study was also designed to correlate the host 

changes with virus behaviour. 

Sighting observations had shown that the course of 

the disease in susceptible sheep was about five weeks, 

whereas in previously infected sheep the lesions healed 

in less than three weeks. Orf virus was applied to 

freshly scarified skin of a susceptible or a previously 

infected sheep and biopsy samples were collected at 

appropriate intervals. The trials were replicated 

until the collections of samples spanned the expected 

periods of the clinical diseases. 

CLINICAL OBSERVATIONS 

Clinical examinations were made daily to note the 

gross characters of the reactions over the scarified 

areas. Particular attention was paid to the sequential 

evolution of macule, papule, vesicle, pustule and scab. 
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HISTOLOGICAL AND ULTRASTRUCTURAL CHANGES 

A 20 per cent suspension of orf- infected scabs was 

applied to freshly scarified areas of skin on the inner 

aspects of the thighs of 15 susceptible lambs and 25 

previously infected sheep. Biopsy samples of the 

experimental lesions were collected at intervals using 

a skin biopsy trephine having a diameter of 0.5 mm and 

were processed through the following steps: 

1. The sample was cut into cubes approximately 

one mm in each dimension and these were fixed 

immediately by immersion in a mixture of four 

per cent paraformaldehyde and 0.8 per cent 

glutaraldehyde. Fixation was allowed to 

proceed for 30 to 60 minutes. 

2. The fixed tissues were further fixed and 

stained with one per cent osmium tetroxide 

in phosphate buffer for one hour (Millonig, 

1962), or until the tissue fragments 

developed a dark brown colour. 

3. The stained tissues were dehydrated in 

graded ethanol, first using 10 per cent 

ethanol for six to 2L hours followed by 

50 per cent ethanol for 30 minutes and 

then through three changes of absolute 

ethanol in a period of 90 minutes. 

Finally the tissues were cleared in two 
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changes of propylene oxide in 30 to 140 

minutes. 

. The cleared tissue cubes were embedded in 

epoxy resinl first using equal volumes of 

the resin and propylene oxide for 10 

minutes at room temperature, then the resin 

alone for 24 hours at room temperature and 

finally in fresh resin for 48 to 72 hours 

at 60 °C which resulted in polymerization. 

. A small block of epoxy resin containing a 

piece of skin tissue was sawn off and 

mounted with sealing wax on a piece of 

dowel rod approximately one cm in length. 

Sections approximately one micron thick 

were cut on an ultramicrotome2 with glass 

knives. The sections were flattened with 

chloroform vapour and then mounted on glass 

slides and dried. 

6. Thick sections were stained with toluidine 

blue and examined with the light microscope. 

1 - Araldite, Ciba -Geigy (U.K.) Ltd., Plastics Division, 

Duxford, Cambridge CB2 4QH. 

2- Cambridge Scientific Instruments Limited, Histon 

Road, Cambridge CB4 3JA. 
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7. A suitable area was selected and thin 

sections of it were cut on either a 

Porter Blum1 or a Cambridge Huxley 

ultramicrotome2 utilising a diamond or 

a glass knife. Sections about 70 nm 

thick were mounted on uncoated copper 

grids3. 

8. The sections on the grids were stained 

for four to 15 minutes by immersion in 

alcoholic uranyl acelate (Stempak and 

Ward, 1964), washed in 10 per cent 

ethanol for 30 to 40 seconds and further 

stained by immersion in lead citrate 

solution for two to four minutes (Reynolds, 

1963). Finally the grids were washed for 

one to two minutes in di;3tilled water and 

dried at room temperature. 

9. Stained sections were examined in an 

AEI -EM -6B electron microscope4. 

1-V. A. Howe and Co. Ltd., 46 Pembridge Road, London W1 1. 

2- Cambridge Scientific Instruments Limited, Histon Road, 

Cambridge CB4 3JA. 

3- Smeth Hurst Highlight Limited, Bolton, Lancs. 

it-Associated Electrical Industries Limited, Harlow, 

Essex. 
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VIRUS MULTIPLICATION 

Kinetic studies were carried out, in vivo, using 

susceptible lambs and previously infected sheep as 

donors. They were scarified on the inner aspects of 

the thighs. A dose of 0.1 ml of 20 per cent orf scab 

suspension in either PBS or normal saline was applied 

to the scarified area. Serial biopsy samples were 

taken from the infected areas at intervals. Each 

sample was divided into two portions; one portion was 

fixed immediately in Karnowsky's solution for ultra - 

structural studies, and the other was weighed, ground, 

emulsified and diluted in tenfold steps in PBS. Each 

dilution was screened for its virus content by applying 

it to freshly scarified skin using one sheep per dilu- 

tion. Both susceptible and previously infected sheep 

were used; the presence of virus was manifested by the 

development of typical primary reactions in susceptible 

sheep or by the evolution of typical accelerated reac- 

tions in previously infected sheep. 
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IN VITRO STUDIES 

EXPERIMENTAL DES IGN 

The in vitro studies were designed to supplement 

observations on the pathogenesis of orf infection in 

sheep with studies on the development and behaviour 

of the virus in cell cultures. For this purpose, orf 

virus was recovered from scabs from infected sheep and 

adapted to grow in primary lamb kidney cells. The 

cell culture- adapted virus was then passaged in a 

variety of primary cell and cell line cultures. 

For cytologic studies, cells were grown in 

Leighton -type tubes1 with coverslips and infected when 

a confluent monolayer had established. Coverslips 

were collected at intervals and stained with Giemsa or 

Acridine Orange after fixation in methanol. Coverslips 

used for fluorescent antibody tests were fixed in acetone, 

flooded with sheep hyperimmune anti -orf serum, washed 

with PBS at pH 8.3 and stained with rabbit anti -sheep 

globulin conjugated with FITC. 

For growth curve and electron microscope studies, 

cells were grown in plastic flasks. Confluent monolayers 

were inoculated with cell- culture -adapted orf virus and 

samples were collected sequentially. 

1-A. Gallenkamp and Co. Ltd. 
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Virus titrations were conducted in cell cultures 

grown in test- tubes. Tenfold dilution steps were made 

in PBS blanks using a separate pipette for each trans- 

fer. Five culture tubes were inoculated with 0.1 ml 

of each dilution. The quantal assays were based on 

the presence or absence of CPE within 14 days of 

inoculation and the 50 per cent end -points were calcu- 

lated by the Spearman- Kärber method (Dougherty, 1964). 

CELL CULTURE REAGENTS 

Hank's Balanced Salt Solution 

Hank's balanced salt solution (HBSS) was prepared 

from two stock solutions A and B as follows:- 
, 

Stock solution "A" 

Na Cl .. .. .. .. .. .. .. 160.0 gm 

KCl.. .. .. .. .. .. .. 8.0 gm 

MgSO4. 
7 H2o .. .. .. .. .. 4.0 gm 

H20 (deionized) .. .. .. .. 800.0 ml 

CaC12 .. .. .. .. .. .. 28 gm 

H0 (deionized) .. .. .. .. 1000 ml 

Mix the two solutions and add deionized 

water to 1,000 ml. 



 

Stock solution "B" 

Na2HP0I . 12H 
2 
0 . .. .. 00 3.04 gm 

.. .. .. .. .. .. 1.2 gm 

Dextrose .. .. .. .. .. 20.0 gm 

Phenol Red .. .. .. .. .. 0.4 gm 

H2O (deionized) add to .. .. 1,000 ml 

The stock solutions were stored at I} °C in large 

bottles with two ml of chloroform added to each as a 

preservative. 

Hank's solution was prepared from the stocks as 

follows : - 

Solution A .. .. .. .. .. 1 part 

Solution B .. .. .. .. .. 1 part 

H2O ( deionized) .. .. .. .. 18 parts 

N /10 HC1 .. .. .. .. .. 0.2 ml 

The solution was sterilized by autoclaving at 

10 lb /in2 for 15 minutes and stored at 4 °C in tight 

stoppered bottles after being left in the incubator 

at 37 °C for three to seven days. The pH was immediately 

adjusted before use by adding the required amount of 4.4 

per cent of sodium bicarbonate solution. Antibiotics 

were added before use. 

Lactalbumin Hydrolysate Media 

A 0.5 per cent solution of lactalbumin hydrolysate 
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(LAHM) was prepared by adding 0.5 gram of lactalbumin 

hydrolysate powder to five ml of stock solution A, 

five ml of stock solution B and 90 ml of deionized 

water. After the powder had dissolved, it was steri- 

lized by autoclaving at 10 lb /in2 for 15 minutes, left 

in the incubator (37 °C) for three to seven days and 

stored at 4 °C. Serum and antibiotics were added and the 

pH adjusted with 4.4 per cent sodium bicarbonate solution 

prior to use. For initiating growth, the pH was adjusted 

to 6.9 - 7.0. After growth of the cells had occurred, 

the medium was ad just2 to a pH of 7.6 - 7.8. Ten ml of 

normal bovine serum was added to 90 ml of medium when 

cell growth was desired and five ml when a maintenance 

medium was required. 

Sodium Bicarbonate 

Stock sodium bicarbonate was prepared by adding 4.4 

grams of NaHCO3 powder to 100 ml of deionized water. 

The solution was sterilized either by filtration through 

a Seitz filter at 7 lb /in2 or by autoclaving at 10 lb /in2 

for 15 minutes. It was stored at 4 °0. 

Antibiotic Solution 

The stock mixture of antibiotics (Ab) was prepared 

by dissolving one vial of Penicillin G potassium' 

(1,000,000 international units), one vial of Streptomycin 

1- Glaxo Laboratories Limited. 
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Sulphate' (one gram), one vial of Polymyxin B Sulphate2 

(500,000 int.u.) and one vial Kantrex3 ( Kanamycin 

S 1phate solution) (0.5 gram) in a 100 ml of sterile 
n 

Hank's balanced salt solution (HBSS) and stored frozen at 

-20 °C. One ml of stock was added to each 100 ml of all 

cell culture medium immediately before use to give a 

final concentration of 100 units of penicillin, 100 

micrograms of streptomycin, 100 units of polymyxin and 

50 micrograms of kanamycin. 

Trypsin Solution 

A one per cent stock solution of trypsin was prepared 

by adding one gram of trypsin4 to five ml of stock solu- 

tion A, five ml of stock solution B and 90 ml of deionized 

water. A small amount of sodium bicarbonate powder was 

added to raise the pH of the solution. A magnotic 

stirrer was used for one hour to dissolve the trypsin 

powder. The solution was sterilized by filtration 

through a Seitz filter at 7 lb /in2 and stored frozen at 

-L0 ° C. 

1- Glaxo Laboratories Limited. 

2- Sigma Chemical Co. 

3 - Winthrop Laboratories. 

4 - Difco Laboratories. 
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For preparing trypsin for trypsinization, 25 ml of 

trypsin stock solution was added to 75 ml of sterile 

HBSS, one ml of stock antibiotic mixture and one ml of 

4.4 per cent sodium bicarbonate. 

Normal Bovine Serum 

Blood was collected from seven -day -old calves at the 

time of slaughter in a sterile container. The blood was 

allowed to clot. The clotted blood was held at 37 °C for 

one to two hours and then at 4 °C overnight. The separ- 

ated serum was centrifuged at 1,000 g for 30 minutes. 

The supernatant fluid was collected and sterilized by 

filtration through a Seitz filter. Filtration was faci- 
by 

litated either warming the serum to 37 °C or by adding an 

equal amount of sterile LAHM. Samples were taken in 

universal bottles and held at 37 °C for ieveral days to 

confirm the sterility. Serum was stored frozen at -20 °C. 

C}i.LT, CULTURES 

Primary Cell Cultures 

Primary cell cultures used included lamb kidney 

(LK), calf kidney (CK), lamb thyroid (LTh), calf thyroid 

(CTh), lamb testes (LT), rabbit kidney cells (RK) and 

chick embryo -fibroblast (CEF). They were prepared by 

the method described by Hancock, Bohl and Birkeland 

(1959). The essential steps in the procedure were : - 
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Lamb and calf kidney cells:- Fresh kidneys were 

collected with aseptic precautions from seven -day -old 

lambs and three -day -old calves at the time of slaughter. 

Fat and capsules were removed and discarded. Cortices 

were removed, placed in a beaker containing sterile HBSS 

with antibiotics and minced with scissors into small 

fragments. The fragments were washed three times with 

HBSS with antibiotics. Four volumes of 0.25 per cent 

trypsin were added to one volume of minced cortex and 

the mixture was gently agitated for 30 minutes. The 

supernatant fluid was discarded and the tissue fragments 

were rinsed and washed three times with HBSS and three 

times with 0.25 per cent trypsin. Fresh 0.25 per cent 

trypsin was added to the flask to its original volume 

and trypsinization was allowed to proceed at room temp- 

erature for a further 90 minutes. The trypsinized cell 

suspension was poured through two layers of sterile 

gauze into a sterile beaker to remove tissue fragments. 

the cell suspension was centrifuged at 60 g for five 

minutes. The supernatant fluid was discarded. The 

cells were resuspended in HBSS with antibiotics and 

recentrifuged at 60 g for five minutes to remove excess 

trypsin and debris from the suspension. One volume of 

packed cells was suspended in 100 ml of LAHM containing 

10 per cent normal bovine serum, one per cent antibiotics 

and 0.5 per cent sodium bicarbonate. 
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The suspension was seeded into plastic flasks, glass 

bottles, test -tubes, or Leighton -type tubes with cover - 

slips using volumes of five ml, 10 ml, one ml and one ml 

respectively. Flasks, bottles and tubes were incubated 

horizontally at 37 °C. The medium was changed every 

third day. Monolayers formed within five to seven days 

and were thereafter sustained in maintenance medium. 

Lamb and calf thyroid cells : - Fresh thyroids were 

collected with aseptic precaution from seven - day -old 

lambs and three -day -old calves at the time of slaughter. 

The fat and capsule were removed and discarded. Tissues 

were chopped into small fragments with scissors and 

rinsed several times with HBSS. Thereafter the procedure 

for preparing cell cultures was the same as before. 

Lamb testes cells : - Testes were surgically removed 

with aseptic precautions from young lambs. The paren- 

chyma was exposed, detached from the Tunica albuginea and 

rinsed several times in HBSS. Thereafter the procedure 

for preparing cell cultures was the same as before. 

Chicken embryo fibroblasts:- Nine to ten -day -old 

chicken embryos were used. The outer shell over the 

air -sac was marked, wiped with absolute alcohol and 

opened with sterile scissors. The live embryos were 

removed by sterile forceps and placed in petri dishes 

containing HBSS. Legs, wings, head, neck and viscera 
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were removed wnd discarded. The remaining tissues were 

minced into small pieces. Thereafter the procedure for 

preparing cell cultures was the same as before. 

Continuous Cell Line Cultures 

Continuous cell -line cultures used included HeLa 
Um 

cells grown and maintained in Eaglets medi.. containing 

ten and five per cent normal bovine serum resnectively; 
um 

VERO cells grown and maintained in 199 med.i containing 
I 

ten and five per cent normal bovine serum respectively; 
um 

human amnion cells grown and maintained in 199 medi 

containing ten and two per cent normal bovine serum 

respectively; baby hamster kidney (BHK) grown and main - 
um 

tamed in Eagle's medi, containing ten and five per cent 

normal bovine serum respectively and rhesus monkey 
um 

kidney (LLC -Mk2) grown and maintained in 199 medi. con- 
i, 

taining ten and two per cent normal bovine serum 

respectively. 

Electron Microscopy 

Cells were grown in plastic flasks and infected 

with cell culture -adapted orf virus when confluent 

monolayers had established. Flasks were selected at 

intervals; the cells were fixed immediately in situ 

by adding a small amount of a mixture of four per cent 

paraformaldehyde and 0.8 per cent glutaraldehyde 

(Karnowsky, 1965). Fixation was allowed to proceed for 
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30 minutes. room temperature. The fixed cultures 
Al 

were further fixed and stained with one per cent osmium 

tetroxide (0s0 ) in phosphate buffer for an hour at room 

temperature. The fixed cultures were detached from the 

flasks by scraping using a sterile glass rod. The 

detached cells were centrifuged gently, the supernatant 

fluid was removed and discarded, and a few drops of two 

per cent agar was added to the pellet. The embedded 

pellet in the agar was dehydrated, cleared, embedded in 

epoxy resin and processed for ultrathin sections as 

before. 
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SUPPLEMENTARY STUDIES 

THE ROLE OF SCARIFICATION IN THE 

DEVELOPMENT OF ORF LESIONS 

To determine the importance of scarification in the 

development of orf lesions, four previously infected 

sheep were inoculated intravenously with a dose of one 

ml of a 20 per cent orf scab suspension in PBS. Folds 

of skin on the inner aspects of the right thighs were 

then crushed strongly several times using a burdizzo 

without causing any superficial damage to the intact 

skins. Simultaneously, the inner aspects of the left 

thighs were scarified gently. All sheep were examined 

daily for a period of 15 days. 

At five days post- inoculation biopLy samples were 

collected from both right and left thighs of all four 

sheep and processed for electron microscopy. 

HUMORAL IMMUNITY 

IN VIVO 

Two susceptible lambs were used; one was inoculated 

intravenously with one ml of sheep hyperimmune anti -orf 

serum per kg body -weight and the other with a similar 

dose of normal sheep serum. The two lambs were immedi- 

ately scarified on the inner aspects of the thighs and a 
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dose of 0.1 ml of 10 per cent orf scab suspension was 

applied to the freshly scarified areas. The two lambs 

were kept under clinical observation for several days. 

111 

IN VITRO 

Known samples of anti -orf serum were inactivated at 

56 °C for 30 minutes. The samples were then diluted 

five -fold in maintenance media. Cell culture - adapted 

orf virus was diluted to contain 100 TCIDSu in the 

volume of 0.1 ml. Equal volumes of the serum dilutions 

and the virus dilution were mixed and held at room temp - 
o 

erature for one hour. Simultaneously a dilution /known 
h 

normal serum was mixed with an equal volume of the virus 

dilution. Four tubes of primary lamb kidney cells were 

inoculated with 0.2 ml volumes of each mixture and the 

cultures were held for one hour at 37 °C before the addi- 

tion of fresh media. Incubation was then continued at 

37 °C. Microscopic examinations were carried out daily 

up to the 15th day after inoculation, the media being 

changed twice a week. 

CÏ TJ,ULAR IMMUNITY 

An experiment was designed to study the effect of 

sensitised lymphocytes on the progress of orf infection 

in vivo. Two lambs which had recently had orf were 

killed. The spleen from one lamb was collected using 
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sterile precautions and the thymus was similarly collect- 

ed from the other lamb. Suspensions containing 11 x 106 

cells /ml in PBS were made from the spleen and thymus 

specimens separately using the method described by 

Habicht, Chiller and Weigle (1973). 

Four susceptible lambs were used. One was inocu- 

lated intravenously and intraperitoneally with 20 and 

10 ml of spleen cell suspension respectively. The second 

lamb was inoculated similarly with thymus cell suspension. 

The remaining two lambs were left as controls. The four 

lambs were then scarified on the inner aspects of their 

thighs and u dose of 0.1 ml of 20 per cent orf scab sus- 

pension in PBS was applied to the freshly scarified areas. 

The lambs were kept under clinical observation and 

examined daily for several weeks. 

IMMUNOSUPP RESS I ON 

The immunosuppressive drug used was a synthetic 

corticosteroid, betamethasone1. Two susceptible lambs 

were given a course of betamethasone intramuscularly at 

the rate of one mg /kg body weight daily for five days. 

These two lambs together with two other lambs were then 

scarified over the inner aspects of the thighs and a dose 

of 0.1 ml of 20 per cent orf scab suspension in PBS was 

1 - Glaxo Laboratories Limited. 
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applied to the scarified areas. The lambs were 

examined daily for several days. 
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RESULT S 
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IN VIVO STUDIES 

THE EXPERIMENTAL LESION 

Susceptible Sheep 

The lesion that followed the application of infected 

orf scab suspensions to scarified areas on the inner 

aspects of the thighs of 78 susceptible sheep evolved as 

follows: on the first day, there was no sign of reaction 

and the lines of scarification had nearly disappeared. 

On the second and third days the skin on the inner 

aspects of the thighs was erythemic and the lines of 

scarification were prominent being deeply congested and 

slightly raised above the surface of the skin (Table 1, 

Appendix Table 1). On the third and fourth days indivi- 

dual circumscribed elevated papules, 1 -2 mm in diameter, 

appeared along the scarification lines which became 

contiguous. The papules increased in number and size 

and they were surrounded by a zone of congestion. Small 

depressions appeared in the centres of the papules; this 

was the first sign of vesiculation (Plate 1). On the 

fifth and sixth days, the vesicles were prominent and 

contained a very small amount of clear serous fluid. 

By the seventh day, the lesions were pustules being mani- 

fested as confluent elevated lines, pale yellow in colour. 

The surrounding zone of congestion was still present 

(Plate 2). On the eighth day, the pustules were enlarged, 
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soft and moist, and most of them were confluent along 

the lines of scarification. Exudate from the pustules 

was evident by the eighth and ninth days and encrusted 

over the lesions (Plate 3). By the eleventh and 

twelfth days, the crust had dried, was firm and brittle 

and covered all the lesion. The peripheral erythema - 

tous zone disappeared. The scab gradually became 

drier, thicker and more extensive. Removal of the scab 

revealed a vascular bed of prominent swollen dermal 

papillae, a feature pathognomonic of orf- infection 

(Plate 4). Resolution of the lesion began first at the 

edges but the scab remained firmly adherent at the centre 

until complete resolution had occurred. The scat 

finally dropped off in three to eight weeks, the mean 

being 4 f 1 week. 

Previously Infected Sheep 

Previously infected sheep exhibited either an accel- 

erated response or were completely refractory when 

infected orf -scab suspensions were applied to the scari- 

fied skin on the inner aspects of the thighs; 234 sheep 

out of 247 sheep (94.7 per cent) had an accelerated 

response; 13 sheep (5.3 per cent) were refractory 

(Appendix Table 2). The sequence of macroscopical 

changes in animals that reacted when challenged was as 

follows: on the day after application of the virus the 
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scarified lines were unchanged (Plate 5). By the second 

day, the skin over the inner thighs was erythemic and the 

lines of scarification were congested and elevated (P1: =ite 

6). A few papules were just discernible. On the third 

day, the papules were complete each being surrounded by a 

zone of congestion (Table 1; Plate 7). A few vesicles 

were evident and by the fourth day vesiculation was com- 

plete (Plate 8). Pustules rapidly superceded the 

vesicles and by the fifth day linos of scarification had 

been transformed into pustules. By the sixth day, the 

whole lesion was one confluent pustule (Plate 9). By 

the seventh day, encrustation of exudate was evident and 

the peripheral erythematous zone had disappeared. By 

the eighth day, the whole lesion was covered by a scab 

(Plate 10). The scab remained firmly adherent at the 

centre until complete resolution had occurred seven to 

17 days after scarification. 

Sixteen previously infected sheep were challenged 

twice (Table 2). The intervals between challenges 

ranged from two to weeks. One of the 16 sheep was 

completely refractory to the first challenge but gave an 

accelerated response to the second challenge. Two other 

sheep which exhibited accelerated responses to the first 

challenge were completely refractory to the second 

challenge. 

The mean and standard deviations of the durations 
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of the lesions following the first and second challenges 

were 14.6 ± 1.5 days and 12.1 ± 3.3 days respectively. 

The difference between paired observations was just 

significant (t(12) = 2.382; P <0.05). There was no 

correlation between the interval between challenges and 

the difference in the duration of the challenge lesion 

(r(11) =-0-249; P <0.05) . 

Comparison 

All susceptible sheep reacted when exposed to orf- 

virus. frost previously infected sheep also reacted. 

The responses of susceptible and previously infected 

sheep to experimental orf infection were similar except 

in the speed of development (Fig. 1). In both, the 

lesions clinically progressed through the classical pox 

stages of papule, vesicle, pustule and scab. The dura- 

tions of each of these stages were significantly longer 

in susceptible sheep than in previously infected sheep 

(Table 1). Moreover, the stages in susceptible sheep 

sere distinct and clear -cut whereas in previously 

infected sheep the stages overlapped. Resolution 
n 

occurred four weeks in susceptible sheep whereas 

it was complete in two weeks in previously infected 

sheep (Fig. 2) . 



60. 

TABLE 1. 

Means and standard deviations of the onsets in days 

of the stages of orf lesion development in 78 

susceptible and 234 previously infected sheep 

Stage 
Susceptible 

sheep 
Previously 

infected sheep 
t 

Macule 

Papule 

Vesicle 

Pustule 

Scab 

Resolution 

2.50 ± 0.50 

3.72 t 0.51 

5.46 t 0.73 

7.77 t 0.64 

11.55 t 0.97 

28.05 t 6.77 

Not observed 

2.89 i 0.53 

3.97 t 0.56 

5.11 t 0.64 

7.26 t 0.79 

14.44 t 2.19 

12.099** 

18.766 ** 

31.780** 

39.17bß::: 

26.791** 

** P m001 
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TABLE 2. 

Response of previously infected sheep to 

challenge and rechallenge with orf virus 

Sheep 

No. 

Interval Resolution in days 

(weeks) First challenge Second challenge 

522 32 16 11+ 

178 28 13 11 

170 27 15 8 

138 24 13 17 

638 17 17 17 

629 15 13 15 

u06 114 0 17 

609 11 15 10 

611 11 16 0 

609 10 15 0 

531 9 15 9 

519 9 11E 11 

523 8 15 13 

529 8 14 11 

501 3 13 111 

515 2 17 7 
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FIGURE 2. Duration of orf stages on the scarified 

skins of susceptible and previously infected sheep. 
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HISTOPATHOLOGY 

Susceptible Sheep 

The earliest pathological changes noted histologi- 

cally were a slight thickening of the Stratum spinosum 

214. hours after application of ori` virus over the scari- 

fied skins of the thighs of susceptible sheep. The 

other cell layers and the dermis were normal (Plate 11). 

At 30 hours, there was a commencing proliferation 

and a slight thickening of the cells of the Malpighian 

rete; the epidermis aubled its normal thickness because 

of these changes. The Stratum granulosum remained 

normal. 

At 42 hours, marked changes were evident; the 

cells of the Stratum granulosum and the uppermost layers 

of the Stratum spinosum showed the early stages of 

ballooning degeneration, the cells being distinctly 

swollen and rounded, the nuclei shrunk -and the cytoplasms 

filled with vacuoles of irregular size and shape (Plate 

12). The cells of the Nalpighian rete were markedly 

thickened with proliferation towards the dermis. The 

dermis contained some inflammatory cells mainly poly - 

morphs and lymphocytes. 

At two days, the epidermis increased in depth to 

about three times its normal thickness. Ballooning 

degenerative changes were obvious in the epidermal cells, 

extending halfway down the epidermis. Some macrophages 
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were observed infiltrating the dermis and a few poly - 

morphonuclear leucocytes were seen in and around the 

capillaries in the dermal papillae. 

By the third day, the epidermis was about six 

times its normal depth. The ballooning degeneration 

affected most of the layers of epidermis except those of 

the basal cell layer (Plate 13). The ballooned cells 

were granular and few contained nuclei. No intracyto- 

plasmic inclusion bodies were detected. The basal cell 

was enlarged and disorganised and the cells showed some 

mitotic activity in their nuclei. The lesion was now 

at the stage of papule formation. Cellular infiltration 

of the dermis increased and consisted mainly of polymorphs, 

lymphocytes and macrophages. 

At four days, the commencement of vesicle formation 

was noted; a small amount of eosinophilic fluid contain- 

ing nuclear debris appeared within the epidermal cells 

(Plate 11}). All cellular structures were destroyed 

except for the cells of the basal cell layer. Ballooning 

degeneration was very prominent and now affected the cells 

of the root sheaths of the hair follicles in the region of 

the lesion (Plate 15). Dermal infiltration was intense 

consisting of polymorphs, mononuelears and macrophages. 

There were many newly formed blood vessels in the dermal 

papillae. 

On the fifth day, vesicles were fully formed and 
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elevated above the level of the adjacent epidermis. 

The roof consisted of the remains of the Stratum 

granulosum, and the floor was formed by the degenerated 

cells of the Malpighian rete. The endothelial cells 

of the dermal capillaries were acutely swollen. 

Transformation of the vesicle into a pustule was 

rapid, the contents being polymorphs enmeshed in strands 

of fibrin together with granular eosinophilic material 

and much cellular debris. In many places the basal 

cell layers of the epidermis were ruptured and the con- 

tents of the pustules were in communication with the 

dermis which was infiltrated by large numbers of poly- 

morphs and a few macrophages. The cellular infiltration 

and the dermal oedema extended down to the layer of 

collagen bundles (Plate 16). 

By ten days, the pustules had ruptured and thick 

crusts composed of fibrin and necrotic cellular elements 

formed over the lesions. The lesions were active; 

ballooned cells were still present but in small numbers 

being located at the top of the pustules and in contact 

with the remains of the Malpighian rete. The dermal 

papillae were more proliferative towards the dermis 

which contained numerous polymorphe and lymphocytes. 

The blood vessels were numerous and large. In the 

dermis active- looking fibroblasts were apparent indicat- 

ing the initiation of healing (Plate 17). 
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By 15 days, the line of demarcation between the 

epidermis and dermis was clear. The cells of the basal 

cell layer looked organised. The epidermis appeared 

thick and dermal papillae were proliferative. A few 

polymorphs and deeply stained round cells were still 

present in the dermis (Plate 18). 

Between the 20th and 25th days, the skin looked 

normal except for the thickness of the epidermis. 

Previously Infected Sheep 

When previously infected sheep were challenged by 

orf virus applied to scarified areas of the thighs, the 

earliest changes occurred 24 hours later; there was a 

slight thickening of the epidermis because the cells of 

the Stratum spinosum were swollen and enlarged. No 

changes occurred in the dermis (Plate 19). 

In two day;, the epidermis increased in size and 

doubled its thickness. Ballooning degeneration affected 

most of the upper layers of the epidermis. Many 

inflammatory cells and numerous blood capillaries were 

present in the dermis. 

At three days, most of the epidermal cells showed 

ballooning degeneration. No intracytoplasmic inclusion 

bodies were detected. The ballooned cells were granular 

and very few of them contained nuclei except those of the 

cells of the Malpighian layer. The dermis was heavily 
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infiltrated with inflammatory cells such as polymorphs 

and lymphocytes. The lesions were now at the stage of 

vesicle f ormation:(Plate 20). 

At four days, ballooning degeneration affected all 

the epidermal cells. The basal cell layer was ruptured 

in many places and it was hard to see a demarcation 

between the epidermis and dermis. Some inflammatory 

cells invaded the epidermis (Plate 21). The dermis was 

so heavily infiltrated with polymorphs, lymphocytes and 

macrophages that it was difficult to see other constit- 

uents. The lesion was now at the stage of pustule 

formatßon (Plate 21) . 

By the fifth and sixth days, the lesion was a mass 

of deeply staining round cells in both the dermis and 

epidermis. These cells also invaded the deeper parts 

of the dermis. Boundaries between the cell layers of 

the epidermis were no longer visible (Plate 22). 

By the seventh and eighth days, the deeply staining 

round cells had declined in number and the demarcation 

line between the dermis and epidermis was again apparent. 

By the tenth day, the cells of the basal layer were 

organised. The epidermis appeared thick but the dermis 

was more or less normal except for some fibroblasts 

(Plate 23). 
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Comparison 

Microscopically all the stages of orf virus 

infection appeared earlier in previously infected sheep 

than in susceptible sheep (Table 3). 

In both, no intracytoplasmic inclusion bodies were 

detected microscopically. 

The healing process started in previously infected 

sheep on the ninth day whereas in the susceptible sheep 

healing was delayed until the 20th day. 
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TABLE 3. 

The timing in days of the stages recognised 

microscopically of orf lesions in 

susceptible and previously infected sheep 

Stage Susceptible Sheep 
Previously 
Infected 
Sheep 

Macule 2 

Papule 3 2 

Vesicle 4 3 

Pustule 6 4 

Resolution 20 9 
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ULTRATHIN SECTIONS 

Susceptible Sheep 

Electron microscopic examinations of ultrathin 

sections of 49 biopsy samples collected at intervals 

from 12 susceptible sheep after application of infected 

orf -scab suspension to freshly scarified areas of the 

inner aspects of the thighs revealed a sequence of virus 

development in the skin divisible into eclipse, multi- 

plication and resolution stages. 

Eclipse Stage: After application of an orf -scab 

suspension to the scarified skin, the virus apparently 

disappeared. No virus particles were detected either 

attached to or penetrated into the skin surface at the 

site of infection in samples examined at zero hours. 

The cells of the epidermal layers appeared normal and 

their cytoplasmic organelles were well preserved. In 

samples examined at six and 18 hours post -infection, no 

evidence of either virus multßnlication or cell abnor- 

malities was observed at any level of the epidermal 

layers. 

At 2)4 hours post- infection, there was still no 

detectable virus in the cells of the epidermal layers. 

However, most of the cells of the upper layers of the 

epidermis especially the cells of the Stratum granulosum 

were enlarged and there was marked condensation and 
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margination of their cytoplasmic contents. The other 

cells of the epidermal layers appeared normal. 

Multiplication Stage: The first evidence of virus 

multiplication was found at 30 hours post -infection. 

The cells of the Stratum granulosum, particularly those 

cells which were located directly beneath the Stratum 

corneum had accumulations of electron -dense granular 

material perinuclearly in their cytoplasms (Plate 24). 

No such material appeared in the nucleus. In addition, 

small or large aggregates of electron -dense material were 

occasionally observed in cytoplasms. They were diffusely 

distributed in such cells and appeared only intracellular - 

ly and not extracellularly (Plate 25). A few virus 

particles, both mature and immature, were seen rarely 

either associated with the aggregates or free in the 

cytoplasms of infected cells (Plate 26). Immature virus 

particles had central low -dense granular cores surrounded 

by an electron -free zone and two outer membranes (Plate 

27). The other cells of the epidermal strata were free 

of virus activity except those in the prickle cell layer 

changes (Plate 28). 

At 42 and 48 hours post- infection, the electron - 

dense viroplasmic aggregations increased in number and 

size and appeared in the cytoplasms of most cells of the 

Stratum granuiosum but still not in the other cells of 

the epidermal layers (Plate 29). Occasionally, a few 
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complete virus particles were observed embedded within 

the viroplasmic materials and also scattered irregularly 

throughout the cytoplasms of infected cells (Plate 30). 

The particles had an oval to cylindrical profile with 

tubular, rod -like or dumb -bell- shaped elongated cores 

characteristic of known pox- viruses (Plate 31). 

Virions in various stages of maturity were also 

observed in the cytoplasms of infected cells (Plate 32). 

The number of mature and immature virus particles at this 

period of infection were approximately the same. No 

virions appeared either intranuclearly or extracellularly. 

They were present within and outside viroplasmic aggre- 

gates. Immature virions were usually associated with 

viroplasmic accumulations and appeared to contain 

sequestered viral matrix material (Plate 33). 

The infected cells were twice their normal size. 

The cytoplasmic organelles of such cells were relatively 

well preserved but the ribosomes apparently increased in 

number (Plate 34). Keratin was also observed as small 

or large dark granules in the cytoplasms. Mitochondria 

with cristate structure were visible, but they were few 

in number (Plate 35). The nuclei of infected cells 

exhibited degenerative changes and varied in size, loca- 

tion and shape. Large numbers of infected cells did not 

contain a nucleus. The nucleolus was enlarged and appear- 

ed at the centre or at the periphery near the nuclear 
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membrane (Plate 36). 

At three days post- infection, as the cycle of 

replication proceeded, numerous virus particles were 

widely distributed in the cytoplasm of infected cells 

of the Stratum granulosum and uppermost layers of the 

Stratum spinosum (Plate 37). Their numbers varied 

considerably from cell to cell. In advanced degenerated 

cells, the cytoplasmic organelles were completely lost 

and the cells only contained great numbers of virus par- 

ticles and cell debris (Plate 38). Virus particles were 

also observed extracellularly, but they were invariably 

less numerous than intracellularly (Plate 39). In early 

degenerated cells, the cytoplasmic organelles were clearly 

preserved and virus particles in different stages of 

maturity were observed (Plate La. O) . Early virus forms 

were evident. They were free in the cytoplasms or assoc- 

iated with dense viroplasmic matrices (Plate 41). Some 

of the viroplasmic matrices were extensive and had at 

their periphery several. "shells ". Great numbers of 

"shells" either empty or containing low electron -dense 

granular material were seen within or close to the dense 

viroplasmic matrices (Plato 42). Mature virus particles 

were also seen close to or surrounding the dense matrices 

(Plate 43) . 

A few vacuoles appeared intracellularly as well as 

extracellularly. Most were empty except for cell debris, 
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some contained one virus particle and a few more than one 

virus particle. The vacuoles varied in shape and size 

(Plate 44). 

At four days post -infection, all biopsy samples 

examined were positive (Table L). Most of the cells of 

the epidermal layers were involved and showed numerous 

virus particles in different stares of development (Plate 

45). However, no evidence of virus activity was found in 

the cells of the basal layers or in the dermis. Early 

virus forms were observed in the early degenerated cells 

but not in the highly degenerated cells. Complete virus 

particles appeared extracellularly as well as intracellu- 

larly (Plate t46). In one section, a few complete virus 

particles were observed over a well preserved nucleus 

(Plate 47). 

At five, six, eight and ten days post -infection, all 

the biopsy samples examined were positive (Table 4, Plate 

L8). Great numbers of virus particles were present in 

most of the cells of the epidermal layers but not in the 

dermis. However, it was difficult to recognize the cell 

boundaries. Virus particles were found extracellularly 

as well as intracellularly (Plate 49). They were observed 

in great masses or scattered individually in the cytoplasm 

of the infected cells, but never in the nucleus. iLarly 

virus forms in different stages of development were still 

evident but they were few in number (Plate 50). The 
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infected cells were enlarged several times their normal 

size. Their cytoplasmic organelles were almost gone 

except for the presence of virus particles, homogeneous 

material and cell debris. The nuclei of such cells were 

usually undetectable (Plate 51). A few infected cells 

contained a nucleus which was characterized by its small 

size and highly degenerative state (Plate 52). 

At 14 days post- infection, two out of three biopsy 

samples examined were positive for the presence of virus 

activity (Table 4). Virus particles were evident in the 

uppermost layers of the epidermis but not in the lower 

layers. Their numbers were considerably fewer than in 

the previous period of infection. Early virus forms were 

rarely seen in the infected cells (Plate 53). 

At 15 days post -infection, one out of four biopsy 

samples examined was positive for the presence of virus 

activity (Table 4). The number of virus particles was 

low. They occurred beneath the skin surface. No early 

virus forms were evident (Plate 54). 

At 17 days post- infection, one out of three biopsy 

samples examined was positive for the presence of virus 

activity (Table 4). Very few virus particles were 

present and they were located directly beneath the skin 

surface. They were embedded in the cell debris. No 

early virus forms were observed (Plate 55). 

Resolution Stage: The durations of the onsets of the 
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resolution stages varied from one sheep to another 

(Table 5, Appendix Table 3). The mean median value 

between positive and negative biopsy samples was 

14.0 t 3.9 days. 

Viral Dimensions: The bivariate means of the lengths and 

widths of undistorted orf virus particles observed in 

ultrathin sections of lesions sampled during the course 

of infection in susceptible sheep ranged from 214 x 115 nm 

to 277 x 148 nm (Table 6). The data were subjected to 

correlation analysis (Sokal and Rohlf, 1969) and the cor- 

relation coefficients were found to be homogeneous 

(Chi- square(7) = 7.474; P >0.30). The overall average 

dimension was 253 t 33 nm x 133 t 22 nm. 

A scattergram of the dimensions of all the orf virus 

particles measured had the typical elliptical shape of 

plotted correlated variables (Fip. 3). The principal 

axes and the standard deviation region around the overall 

mean are shown in figure h. 

Previously Infected Sheep 

Fifty biopsy samples of skin lesions were collected 

at intervals from 31 previously infected sheep challenged 

by applying suspensions of orf -scabs to freshly scarified 

areas of the skin on the inner aspects of the thighs. 

Ultrastructural examinations of the specimens revealed a 
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sequence of virus development divisible into eclipse, 

multiplication and resolution stages. 

Eclipse Stage: When suspensions of orf- infected scabs 

were applied to freshly scarified areas of the skin, the 

virus apparently disappeared; virus particles were not 

detected at the skin surface or inside the superficial 

cells of the epidermis in biopsy samples collected at 

zero hours. The epidermal cells appeared normal and 

their cytoplasmic constituents were well preserved. 

In samples examined at 20 and 24 hours post - 

scarification there was still no evidence of virus 

multiplication at any level of the epidermis. The 

cells of the epidermal layers did not show any abnormal- 

ities and their cytoplasmic organelles were undistorted. 

Likewise, in samples examined at two days post - 

scarification there was no evidence of virus multiplication. 

However, most of the cells of the Stratum granulosum were 

relatively enlarged. 

Multiplication Stage: The first evidence of virus multi- 

plication was found three days post- infection; eight out 

of ten biopsy samples were positive (Table 7). In samples 

which showed evidence of virus activity, the numbers and 

the developmental stages of the virus particles varied 

considerably from layer to layer and from cell to cell in 

an infected area of the skin. In early infected areas, 
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virus particles only occurred in the cells of the Stratum 

granulosum, particularly those cells which were located 

directly beneath the Stratum corneum (Plate 56). Other 

cell layers of the epidermis and dermis were free of 

virus activity (Plate 56). 

Within a single cell, virus development was not 

synchronous; viral forms in varying states of develop- 

ment were present within the same cytoplasm (Plate 57). 

Immature virus particles were either associated with 

electron -dense viroplasmic matrices or free in the cyto- 

plasms of infected cells (Plates 57, 58). Viroplasmic 

matrices varied in size and shape; they appeared as 

small.foci or large diffuse areas (Plate 59). Some 

viroplasmic matrices contained great numbers of shells 

which were either empty or contained electron -dense 

granular material (Plate 60). Mature virus forms were 

also evident. They appeared either in groups or were 

scattered individually throughout the cytoplasm. Their 

numbers varied from cell to cell. All viral forms were 

present intracellularly but not intercellularly. No 

virus particles appeared intranuclearly. 

In advanced infected areas, virus particles were 

found in most cells of the epidermal layers especially 

the cells of the Stratum granulosum and the cells of the 

uppermost layers of the Stratum spinosum (Plate 61). 

The other cell layers of the epidermis and dermis were 
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free of virus activity (Plate 62). The numbers of virus 

particles also varied from cell to cell. In early degen- 

erated cells, a few immature as well as mature virus 

particles were evident (Plate 63). They occurred intra- 

cellularly but not intercellularly. The cytoplasmic 

constituents of such cells were relatively well preserved 

(Plate 64) . 

In advanced degenerated cells, numerous virus part- 

icles were observed (Plate 65). They were found intra- 

cellularly and intercellularly. Early virus forms were 

rarely seen. The cytoplasmic organelles were completely 

distorted and only contained great numbers of virus 

particles and cell debris (Plate 66). In some cells, 

large homogeneous electron -dense material occurred in the 

cytoplasms and virus particles in different stages of 

maturity were observed embedded within the homogeneous 

material (Plate 67). 

Vesicles of different size and shape appeared in the 

cytoplasms of infected cells. Each vesicle was bounded 

with one single membrane. They contained very faint 

electron -dense material. No virus particles occurred 

within the vesicles (Plate 68). 

At four and five days post- infection, all biopsy 

samples examined were positive (Table 7). The degree 

of virus activity varied from one sample to another. In 

samples where virus activity was at an early stage, virus 
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particles were found in the cells of the Stratum 

granulosum and the uppermost cells of the Stratum 

spinosum. The other cells of the epidermal layers 

and dermis were not affected (Plate 69). Viral forms 

in different stages of maturity were evident (Plate 70); 

early virus forms were found in early degenerated cells 

but not in advanced highly degenerated cells (Plate 71); 

mature virus forms were found intracellularly as well as 

intercellularly. In samples where virus replication was 

more severe and advanced, most of the epithelial cells of 

the epidermal layers were involved and contained great 

numbers of virus particles which were also found inter - 

cellularly (Plate 72). 

No virus particles were detected in the dermis. 

The dermis showed cellular infiltration consisting mainly 

of polymorphs, lymphocytes and macrophages (Plate 73). 

The blood vessels of the dermis were enlarged and 

engorged with erythrocytes and few leucocytes (Plate 74). 

Neither the leucocytes nor the endothelial walls of the 

blood vessels showed evidence of virus activity. 

At six days post -infection, all biopsy samples were 

positive (Table 7). Virus particles were present in the 

epithelial cells of the epidermis at all levels, although 

they were most numerous in the upper cell layers of the 

epidermis. Virus activity was more extensive and 

numbers of virus particles were much higher than in the 
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preceding period of infection (Plate 75). No virus 

particles were observed in the dermis. However, it was 

difficult to recognize the cell boundaries. Cellular 

infiltration of the dermis was more intense. Vacuoles 

appeared intercellularly as well as intracellularly. 

They varied in shape and size. Some were empty except 

for cell debris; others contained one or more virus 

particles (Plate 76). 

At seven days post- infection, five out of eleven 

biopsy samples were positive (Table 7). Virus particles 

were found in all cells of the epidermal layers but not 

in the dermis (Plate 77). Their numbers were much lower 

than in the preceding period of infection (Plate 78). 

They were observed intracellularly and intercellularly 

(Plate 79). Early virus forms were rarely seen. 

Vacuoles containing a variable number of virus particles 

appeared in the extracellular spaces (Plate 80). The 

dermis showed cellular infiltration but none of the cells 

contained virus particles. 

Resolution Stage: The duration of the onsets of the 

resolution stages varied from one sheep to another 

(Table 8, Appendix Table 4). The mean median value 

between positive and negative biopsy samples was 

6.9 t 1.5 days. 

Viral Dimensions: The bivariate means of the lengths and 
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widths of undistorted orf virus particles observed in 

ultrathin sections of lesions from previously infected 

sheep were analysed (Table 9). The correlation 

coefficients were homogeneous (Chi- square(2) = 3.766; 

P >0-10). The overall average dimension was 

246 t 34 nm x 144 t 18 nm. The scattergram was 

elliptical (Figs. 5 and 6). 

Comparison 

Electron microscopic examination of ultrathin 

sections of biopsy samples collected at intervals 

yielded evidence that orf virus multiplied in the skin 

of both susceptible and previously infected sheep. 

In both, the sequence of virus development in the skin 

was divisible into eclipse, multiplication and resolu- 

tion stages. The onsets and the durations of these 

stages varied (Table 10). In both, viral replication 

was first evident with the appearance of electron -dense 

granular aggregates perinuclearly in the affected cyto- 

plasms. The cycle of replication was much longer and 

the resolution stage appeared later in susceptible sheep 

than in previously infected sheep. During the course 

of the infection in both, virus development was not 

synchronous. Virus particles appeared in the cytoplasm 

of infected cells but not in the nucleus. On one 

occasion, complete virus particles appeared above the 



nucleus in biopsy samples collected from a susceptible 

sheep at four clays post- infection. 

At six days post- infection, the numbers of virus 

particles appeared to be much more numerous in previously 

infected sheep than in the susceptible sheep. In both, 

extensive homogeneous aggregates appeared in the cyto- 

plasms. Within the aggregates, virus forms in different 

stages of maturity were observed. In both, vesicles and 

vacuoles were evident. Vacuoles containing variable 

numbers of virus particles were observed. In both, no 

virus particles were detected in the dermis or in the 

endothelial walls of the blood vessels. 

At eight, 10, 14 and 17 days post - infection, virus 

particles were evident in ultrathin sections of the 

epidermal layers of susceptible sheep. No virus part- 

icles were observed in sections from previously infected 

sheep at these times; the ultrastructure was normal. 

The bivariate means of the lengths and widths of 

undistorted orf virus particles observed from susceptible 

and previously infected sheep were similar (t( = 1.11+0; 

P >0.10). For comparative purposes the bivariate means 

of the lengths and widths of 80 undistorted particles 

observed in sections from natural cases of bovine papular 

stomatitis was calculated and found to be 253 t.42 nm x 

149 ± 14 nm with a correlation coefficient of +0.276 

(P <0.05). This differed slightly from the overall 
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correlation coefficient for orf virus from susceptible 

sheep (t( = 2.208; P <0.05) but was similar to the 

overall correlation coefficient for orf virus from 

previously infected sheep (t(00)= 1.198; P> 0.20). 

The scattergram was elliptical (Figs. 7 and 8). The 

overlap between orf virus and bovine papular stomatitis 

virus is illustrated in figure 9. 
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TABLE 4. 

A summary of the results of ultrathin section 

examinations of skin biopsy samples collected 

at intervals from susceptible sheep 

Days Number of biopsy Number 
post -infection samples examined positive 

0.00 1 o 

0.25 1 0 

0.75 i 0 

1.00 1 0 

125 2 2 

175 1 1 

2.00 2 2 

3.00 2 2 

400 3 3 

6.00 2 2 

7.00 4 4 

8.00 2 2 

1000 2 2 

1400 3 2 

15.00 14 1 

17.00 3 1 

2100 3 o 

22.00 1 0 

23.00 1 0 

28.00 2 0 

35.00 2 0 

3600 1 0 

4200 2 0 

49.00 2 0 

56.00 1 0 
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TABLE 5. 

The onset of resolution in the skin 

of susceptible sheep examined 

by electron microscopy 

Sheep 
No. 

First negative sample 
(days after scarification) 

L 1 21 

L 2 22 

540 23 

541 15 

476 15 

475 15 

652 17 

665 21 

671 21 

667 14 
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TABLE 6. 

Dimensions of virus particles in different 

stages of infection in susceptible sheep 

Days 
PI N Bivariate mean (nm) 

Correlation 
Coefficient 

P 

1.75 36 265 x 134 +0.497 <0O1 

3.00 152 264 x 136 +0.301 <001 

4.00 80 252 x 152 +0.244 <0.05 

6.00 80 277 x 148 +0.280 c).05 

8.00 38 254 x 137 +0.435 <0.01 

10.00 40 253 x 111 +0.441 <0.01 

14.00 40 234 x 112 +0.524 <0.01 

17.00 40 214 x 115 +0.419 m01 

Total 546 253t.33x133,22 +0.502 <0.01 
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TABLE 7. 

A summary of the results of ultrathin section 

examinations of skin biopsy samples collected 

at intervals from previously infected sheep 

Days 
post- infection 

Number of biopsy 
samples examined 

Number 
positive 

0.00 3 0 

0.75 1 o 

1.00 2 0 

2.00 2 0 

3.00 10 8 

4.00 2 2 

5.00 6 6 

6.00 3 3 

7.00 11 5 

8.00 4 o 

1000 3 o 

1100 3 o 
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TABLE 8. 

The onset of resolution in the skin 

of previously infected sheep 

examined by electron microscopy 

Sheep 
No. 

First negative sample 
(days after scarification) 

295 8 

296 10 

474 11 

477 7 

523 8 

442 lo 

559 7 

562 8 

601 10 

595 8 

425 11 

435 11 



TABLE 9. 

Dimensions of virus particles in different stages 

of infection in previously infected sheep 

Days 
PI 

N Bivariate mean (nm) 
Correlation 
Coefficient P 

3.00 8o 262 x 138 +0.562 <0.01 

6.00 80 237 x 146 +0.590 <0.01 

7.00 80 21;`' x 1!18 +0.375 <0.01 

Total 240 248 t 34 x 144 t 18 +0414 <0.01 
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TABLE 10. 

The median onsets in days of the orf ultrastructural 

stages in susceptible and previously infected sheep 

Ultrastructural Susceptible Previously infected 

stage sheep sheep 

Multiplication 1.1 2.7 

Resolution 14.7 6.9 
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FIGURE 5. A scattergram of the dimensions of orf 

virus particles at different stages of infection in 

the skins of previously infected sheep. 

FIGURE 6. The principal axes of the overall bivariate 

mean of the dimensions of orf virus particles in the 

skins of previously infected sheep. 
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FIGURE ,. A scattergram of the dimensions of bovine 

napular stomatitis virus. 

FIGURE 8. The principal axes of the bivariate mean 

of the dimensions of bovine papular stomatitis virus. 
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FIGURE 9. The standard deviation regions around the 

bivariate means of the dimensions of orf virus particles 

in the skins of susceptible and previously infected 

sheep and papular stomatitis virus from a cow. 
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VIRIIS NlüLTIPLICATION 

Susceptible Sheep 

The virus growth cycle that followed the application 

of orf-scab suspensions to freshly scarified areas of the 

inner aspects of the thighs of 15 susceptible lambs and 

sheep was studied by collecting at intervals a total of 

45 skin biopsy samples from the infected areas. The 

growth curve was readily divisible into the conventional 

phases of eclipse, increase, plateau, decline and resolu- 

tion (Fig. 10). The early phases of adsorption and 

penetration were not recognisable by the techniques used. 

Similarly the so- called latent phase could not be differ- 

entiated from the eclipse phase. 

Eclipse Phase: By definition, the eclipse period is the 

time span during which no infectious virus can be detected 

within the infected cells. Virus titres of biopsy 

samples collected at six and 18 hours after scarification 

were lower than the virus titres of the biopsy samples 

collected immediately after the application of infective 

orf -scab suspensions on the freshly scarified areas of 

the skin. A complete eclipse was demonstrated with 

biopsy samples collected one day after scarification when 

no infective virus was detected (Table 11). 

Exponential Increase Phase: The end of the eclipse phase 

was manifested by the reappearance of infective virus in 
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biopsy samples collected 30 hours after scarification. 

Thereafter, virus titres rose exponentially (r = +0.929; 

P 5) reaching a maximum of 10 51D50 /gram of tissue 

four days after scarification (Table 11). 

Plateau Phase: The duration of the plateau phase was 

long; high titres of virus were maintained in the skin 

biopsy samples for a period of nearly three weeks 

although they fluctuated between 109 0 and 107'°ID50 /gram 

of tissue (Table 11) . 

Exponential Decline Phase: After the end of the plateau 

phase, the virus titres decreased exponentially 

(r _ -0.888; P <0-01). The duration of this phase 

ranged from 23 to 42 days after scarification. The rate 

of decline was much slower than the rate of exponential 

increase, the half -life being 1.48 days as compared to a 

doubling -time of 0.14 days. 

Resolution Phase: Infective virus was not detected in 

biopsy samples collected 49 days after scarification 

although a small scab was still present over the lesion 

site (Table 11). 

Previously Infected Sheep 

Virus multiplication also occurred in most previously 

infected sheep after scarification and the immediate 

application of orf -scab suspensions to the site. A total 
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of 28 biopsy samples were collected at intervals from 

lesions on 25 previously infected sheep. The virus 

growth curve was readily divisible into eclipse, 

increase, plateau and resolution phases (Fig. 11). 

The early phases of adsorption and penetration were not 

recognisable by the techniques used. Similarly the 

so- called latent phase could not be differentiated from 

the eclipse phase. The fall in titre from the plateau 

levels was abrupt and there was no steady exponential 

decline. 

Eclipse Phase: The duration of the eclipse phase was 

difficult to determine. The virus titres of biopsies 

performed immediately after the application of infective 

orf -scab suspension to freshly scarified areas of the 

skin were higher than the virus titres of biopsies per- 

formed at 18 hours after scarification (Table 11). 

Complete eclipse was demonstrated with biopsy samples 

collected 24 hours after scarification when no infective 

virus was detected (Table 11). 

rXponential Increase Phase: Virus reappeared in biopsy 

samples taken two days after scarification. Subse- 

quently the virus titres increased exponentially 

(r = +0.988; P <o01) reaching a maximum of 10 0ID50 

gram of tissue five days after scarification (Table 11). 
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Plateau Phase: The duration of the plateau phase was 

short, elevated titres of virus were maintained in skin 

biopsies for a period of three days although they fluc- 

tuated between 104.0 and 102'°ID50 /gram of tissue. 

then virus titres decreased abruptly to 102.OIDr0 /gram 

of tissue and within two days no virus was detected 

(Table 11). The decline was not exponential 

(r = -0.867; P >0.50). 

Resolution Phase: Infective virus was not detected in 

skin biopsies collected 11 days after scarification 

although a small scab was still present over the site 

(Table 11). 

Comparison 

When susceptible sheep were exposed to infective 

orf-scab suspensions, the cycle of virus growth was 

clearly divisible into the conventional phases of 

eclipse, exponential increase, plateau, exponential 

decline and resolution. In contrast, when previously 

infected sheep were exposed to infective orf -scab 

suspensions only the phases of eclipse, exponential 

increase, plateau and resolution were readily discernible. 

The exponential decline phase was missing because the 

fall of the virus titre from the plateau was sudden. 

In both, a complete eclipse phase was detected 24 

hours after scarification. Thereafter the increases in 
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the virus titres were exponential (Fig. 12). Multipli- 

cation of virus in susceptible sheep appeared to be 

faster than in previously infected sheep; the doubling - 

times being 3.4 and 5.5 hours respectively. The 

difference in the rates was not, however, statistically 

significant (F6 = 3.27; P >0.05). On the other hand, 

the times during which the exponential increases occurred, 

differed significantly (F6 = 16.21; P <0.01) such that 

multiplication of infectious virus occurred earlier in 

susceptible sheep than in previously infected sheep (Fig. g 

13). 

The maximal titres were 108 5 and 106°ID50 /gram of 

tissue in susceptible and previously infected sheep 

respectively. 

In susceptible sheep the duration of the plateau 

phase was long and the high titres ranged from 100.` to 

7.r 
10 ) ID50 /gram of tissue and were maintained between four 

and 21 days after scarification whereas in previously 

infected sheep the plateau titres were lower and the 

duration of the plateau phase was abruptly terminated 

four to seven days after scarification. 

In susceptible sheep, the decline phase was exponen- 

tial and its duration was spread over a period of 19 days. 

In contrast, there was no evidence of exponential decline 

in previously infected sheep; the fall from the plateau 

titres was sudden (Fig. lt{) . 
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TABLE 11. 

Estimated titres of orf -virus in sequentially 

collected biopsy samples of infected skin 

from susceptible and previously infected sheep 

Days after ID50 /gram of tissue 

scarification Susceptible Previously infected 

0.00 

0.25 

o75 
1.00 

1.25 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

8.00 

10.00 

11.00 

1400 
17 .00 

2100 
23.00 

28.0o 

35.00 

36.00 

42.00 

49.00 

2.0 2.0 

1.5 - 

1.0 10 
<05 <05 

3.5 

4.5 2.0 

5.0 3.5 

8.5 4.0 

6.o 

8.5 4.0 

8o 6.5 

8o 2.0 

9.0 1-o 

<0.5 

8o 
7.5 

7.5 

4.5 

30 
3.5 

3.5 

1.0 

<05 

- Not done 



FIGURE 10. Growth of orf virus in the skin of 

susceptible sheep. 
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FIGURE 11. Growth of orf virus in the skin of 

previously infected sheep. 
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FIGURE 12. Growth curves of orf virus in the skins 

of susceptible and previously infected sheep. 
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FIGURE 13. Exponential increase phases of orf virus 

in the skins of susceptible and previously infected 

sheep. 
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FIGURE 14. Decline phases of orf virus in the skins 

of susceptible and previously infected sheep. 
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IN VITRO STUDIES 

PRIMARY CELL CULTURE 

Adaptation 

Orf virus was recovered from a suspension of 

infected sheep scabs and adapted to grow in primary 

monolayer cultures of lamb kidney cells (LK). The 

process of adaptation is shown in figure 15. The first 

passage induced complete destruction of the sheets of LK 

cells within 24 hours of inoculation. The fluids and 

cell debris were frozen and thawed and then used as the 

inoculum for the second passage. Again rapid complete 

destruction of the cell sheets occurred. The fluids 

and cell debris were harvested as before and inoculated 

into fresh monolayer cultures of LK cells. Destruction 

of the cell sheets did not occur but a cytopathic effect 

which appeared to be specific for orf -virus was evident 

on the third day post -inoculation. The cytopathic 

effect was manifested as discrete refractile cells and 

swelling of isolated cells in the monolayer (Plate 81). 

Two days later,50 per cent of the cells were affected 

and showed cytopathic effects either in the individual 

cell or in groups of clumped cells (Plate 82). Most of 

the affected cells detached from the glass walls of the 

culture vessels producing turbidity in the culture 

medium. Thereafter, the cytopathic effects progressed 
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to affect the whole cultures and by the ninth day 

post -inoculation none of the cells were normal in 

appearance (Plate 83). 

Further passages were made using harvests which 

were subjected to three cycles of freezing and thawing 

to release cell -associated virus. Cell debris was 

removed by gentle centrifugation and the supernatant 

fluid was used as the inoculum. This procedure was 

repeated prior to each passage. 

As the passage level increased, the adaptation was 

manifested by the earlier onset of cytopathic effects 

and complete destruction of the cell sheets (Table 12). 

Stability occurred at the fourteenth passage level when 

the onset of cytopathic effects occurred on the first 

day post -inoculation and complete destruction of the 

cell sheets occurred on the third day post- inoculation. 

The viability of the serially passaged virus was 

tested at various passage levels using susceptible and 

previously infected sheep which were scarified on the 

inner aspects of the thighs and a dose of 0.2 ml of 

undiluted supernatant fluid from the passage harvests 

was applied immediately to the freshly scarified areas. 

The detection of the virus was manifested by the presence 

of either primary or accelerated reactions on the skin of 

susceptible and previously infected sheep respectively 

(Plate 84). Virus was thus detected at most passage 
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levels tested (Table 13). The severity of the reaction 

was not affected by the passage level; the responses of 

sheep to the first passage were similar to that of sheep 

to the fourteenth passage. 

The infected fluids at various passage levels were 

examined by electron microscopy using the direct negative 

staining method. The infected fluids were centrifuged 

gently and the harvested supernatant fluids were further 

centrifuged at 78,000 g for 30 minutes. The resultant 

pellet was dissolved by adding a few drops of distilled 

water. Carbon -coated grids were allowed to float over 

the dissolved pellet for 30 seconds and then over 1.5 

per cent phosphotungstic acid solution (PTA) at pH 7.2 

for a further 30 seconds. When dry, grids were examined 

by electron microscopy. A few particles with the char- 

acteristic criss -cross patterns and cylindrical shapes 

of orf -virus were readily detected at every passage level 

examined (Plate 85. 

Titration 

In vitro titration: The twelfth passage of orf -virus in 

LK cultures was titrated in tubes containing monolayers 

of LK cells. Titrations were carried out using tenfold 

dilution steps in PBS or HBSS. Each dilution was inocu- 

lated into five tubes, the dose being 0.1 ml. The titra- 

tions end -point was manifested by the presence or absence 
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of specific cytopathic effects of orf -virus over a period 

of 14 days post -inoculation. The estimated titre was 

105TCID50 per ml. 

In vivo titration: The fourteenth passage of orf -virus 

in LK cultures was diluted using tenfold steps in PBS. 

A dose of 0.1 ml of each dilution was exposed to freshly 

scarified skin on the inner aspects of both thighs of a 

susceptible lamb. Each lamb was isolated. The titra- 

tiens end -point was determined by the presence or absence 

of a primary orf -reaction over the scarified areas of the 

skin. The estimated titre was l04ID50 per gram of 

tissue. 

Cytology 

The cytological effects of the third and fifteenth 

passages of orf -virus adapted to LK cultures were studied 

by inoculating LK cells grown in Leighton tubos contain- 

ing coverslips. Covarslips were removed from control 

and infected cultures daily, fixed in methanol and 

stained with Giemsa. Small ill- defined granular 

matrices appeared in the cytoplasms of a few infected 

cells 72 and 24 hours post -inoculation in the third and 

fifteenth passage respectively (Plate 66); they were 

absent in control cultures. Later, more cells were 

involved and the granular matrices increased in size to 

occupy most of the cytoplasms of infected cells (Plate 
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87). Such matrices did not appear in the nucleus. 

In the late stages of infection, the matrices were 

absent and only a few pyknotic cells remained attached 

to the coverslips; matrices were absent from such cells. 

Ultrathin Sections 

Primary monolayer cultures of FLK cells were inocu- 

lated with a cell culture- adapted strain of orf -virus 

(fifteen passages in LK cells) and serial samples were 

collected at intervals and processed for electron 

microscopy. 

No virus particles were detected either attached to 

or penetrated into the cell surface in samples collected 

immediately after inoculation of the cultures. More- 

over, in the cytoplasms of such cells, no profiles were 

found showing orf -virus undergoing phagocytosis (viro- 

pexis); the cells appeared normal and their cytoplasmic 

constituents were well preserved. The nuclei were 

undistorted but the nucleoli were enlarged and prominent 

with margination of their constituents. Mitochondria 

were few in number (Plate 88). 

In samples examined at 30 and 60 minutes after 

inoculation, there was still no evidence of virus multi- 

plication in the cytoplasms of infected cells. 

In samples examined at two hours after inoculation, 

groups of complete orf -virus particles were detected in 

some distorted cells, the organelles of which were 
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ill- defined. Great numbers of vacuoles of different 

sizes and shapes were seen within these cells but they 

did not contain virus particles. In addition, large 

electron -dense granular matrices and many ribosomes 

occurred within these distorted cells (Plate 89). In 

some undistorted and well -defined cells electron -dense 

granular clumps were observed in the cytoplasms but not 

in the nuclei. No virus particles, mature, or immature, 

were detected either íssociated with the electron -dense 

matrices or free in the cytoplasms of these cells (Plate 

90) 

In samples examined at three and six hours after 

inoculation, no evidence of virus activity was observed 

in the infected cell cultures. 

In samples examined at 16 hours after inoculation, 

virus multiplication was evident and most of the cells 

were infected (Plate 91). The degree of virus infecti- 

vity varied from one cell to another. Also, within a 

single cell, the development of the virus was not syn- 

chronous; viral forms in different stages of development 

were present within the same cytoplasm. Electron -dense 

granular matrices were observed in the cytoplasms and 

large numbers of immature virus particles were detected 

close to the cell margins and near the nuclear membranes 

associated with the electron -dense aggregates or 

scattered free in the cytoplasm. 
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Four types of round immature virus particles were 

recognized. The first was numerous in number and had 

a low -dense granular core confined by two outer 

membranes (Plate 92). The second type had an electron - 

free zone between the central granular cores and two - 

outer membranes (Plate 93). The third type possessed 

an electron -dense eccentrically placed body in a low - 

dense core of fine granular material and had two outer 

limiting membranes (Plate 94). The fourth type were 

empty shells of two outer membranes (Plate 95) . 

Mature virus particles were also present but they 

were considerably fewer in number. In some cells, they 

were distributed throughout the cytoplasm but in other 

cells they lay close to the cell membranes. They were 

not associated with the electron -dense aggregates 

(Plate 96) . 

The infected cells varied in shape and size. They 

were rounded or spindle- shaped with irregular boundaries. 

The cytoplasmic organelles of these cells were relatively 

disturbed; for example, large numbers of mitochondria 

and ribosomes were often present. The nuclei varied in 

shape and size and some of them contained two nucleoli. 

In samples examined at 20 and 4 hours after inocu- 

lation, most of the cells were infected and had in their 

cytoplasms either large numbers of virus particles in 

different stages of development or electron -dense aggre- 
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gates (Plate 97). Immature as well as mature viral 

forms were evident. The number of mature virus 

particles had increased. There were still a few cells 

which did not show any vira]. activity. 

In samples examined at 30, 42, 48, 54, 66 and 72 

hours after inoculation, the pattern of infection was 

similar but the number of mature virus particles 

increased. Immature forms, nevertheless, were still 

evident. The cells were relatively distorted showing 

some degenerative changes in the nuclei and in their 

cytoplasmic organelles (Plate 98). A few cells did not 

show any evidence of virus activity. 

Development of Antigen 

Secondary monolayer cultures of the VERO cell -line 

were grown in Leighton tubes containing coverslips and 

were inoculated with a strain of orf virus -adapted, 

first by 15 passages in LK cell cultures and then five 

passages in VERO cells. Covers].ips from infected and 

uninfected cultures were collected at intervals, fixed 

immediately in acetone, flooded with sheep hyperimmune 

anti -orf serum, washed with PBS at pH 8.3 and stained 

with rabbit anti -sheep globulin conjugated with fluor- 

escent isothiocynate. 

Fluorescent microscopy revealed no particular 

changes in the infected and uninfected cultures examined 



at zero, one, five and 16 hours after inoculation 

(Table 14). At 20 hours after inoculation, specific 

viral antigen was evident as a few fluorescent yellow - 

green dots in the cytoplasms of some cells (Plate 99). 

The nuclei of these cells were free of fluorescence. 

Subsequently, the fluorescing dots increased in number 

and size. At 72 hours after inoculation, most of the 

remaining attached cells were affected and their cyto- 

plasms contained large yellow -green fluorescent masses 

of viral antigen (Plate 100). 

Specific fluorescence was not observed in any of 

the uninfected cultures. Likewise, nc cell abnormali- 

ties were detected (Plate 101). 



FIGURE 15. Destruction of primary monolayers 

of LK cell cultures by orf virus. 
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TABLE 12. 

Times taken by serially passaged orf virus to 

produce CPE and to destroy cell sheets 

of LK cultures 

Cell culture 
passage level 

Onset of CPE 
(days PI) 

Destruction of cell 
sheet 

(days PI) 

1 0 1 

o 2 

3 3 9 

4 3 9 

5 3 7 

6 3 7 

7 3 7 

8 3 7 

9 3 7 

10 3 7 

11 2 5 

12 2 5 

13 2 14 

114 1 

15 1 3 
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TABLE 13. 

Infectivity of LK cell culture- adapted 

orf virus for sheep 

Cell culture 
passage level 

!) 

Nurser of sheep Number of reactors 

3 2 1 

5 1 1 

(j 2 

7 1 0 

13 2 2 

14 2 2 
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TABLE 14 . 

Detection of orf antigen in VERO cell -line cultures 

by an indirect fluorescent antibody test 

Hours PI Infected cell Non - infected 
cultures cell cultures 

0 

1 

5 

16 

20 

z4 + 

30 + 

140 + 

148 + 

72 + 

+ Fluorescing antigen present 

- No fluorescence 
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OTHER CELL CULTURES 

Orf virus adapted to primary LK cells was passaged 

in a variety of primary and continuous cell -line cul- 

tures. 

Primary Lamb Testes (LT): Orf virus at the eighth 

passage level in LK cell cultures was used to infect 

primary monolayers of LT cells. A cytopathic effect 

was evident in the first passage within three days of 

inoculation and complete destruction of the cell sheets 

occurred on the tenth day after inoculation. The cyto- 

pathic effects were similar to that described in LK cell 

cultures. When monolayers of LT cells were inoculated 

with a suspension of orf- infected scabs from sheep the 

cells were destroyed within 24 hours. 

Primary Lamb Thyroid (LTh): Orf virus at the twelfth 

passage level in LK cell cultures was used to infect 

primary monolayers of LTh cells. Four serial passages 

were made. In the first and second passages, the cyto- 

pathic effects were evident within two days of inocula- 

tion and complete destruction of the cell sheets occurred 

within seven to nine days. In the third and fourth 

passages, the cytopathic changes appeared within seven 

days of inoculation and complete destruction of the cell 

sheets occurred within 15 days. 
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Primary Calf Kidney (CK): Orf virus at the thirteenth 

passage level in LK cell cultures was used to infect 

primary monolayersof CK cell cultures; five serial 

passages were made. In the first passage, a cytopathic 

effect was evident on the fifth day after inoculation 

and complete destruction of the cell sheets occurred 

within 15 days. The cytopathic effects were similar to 

that described in LK cell cultures. In the second 

passage, cytopathic effects were evident within seven 

days and destruction of the cell sheets occurred within 

12 days. In the third, fourth and fifth passages, 

cytopathic effects were evident within two days of inocu- 

lation and complete destruction of the cell sheets 

occurred within five days. 

Primary Calf Thyroid (CTh): Orf virus adapted first by 

thirteen passages in LK cell cultures and then five 

passages in CK cell cultures was used to infect primary 

monolayers of CTh cell cultures. The virus induced 

cytopathic changes in the first passage three days after 

inoculation but total destruction of the cell sheets did 

not occur. Two further passages resulted in destruction 

of the cell sheets. 

Primary Rabbit Kidney (RK): Orf virus at the thirteenth 

passage level in LK cell cultures was used to infect 

primary monolayers of RK cells. Two serial passages 



were made. The first passage produced complete 

destruction of the cell sheets within 48 hours of inocu- 

lation but the second passage did not induce any parti- 

cular changes in the cultures over 15 days. 

Primary Chick Embryo Fibroblast (CEF): Orf virus at the 

tenth passage level in LK cell cultures was used to infect 

primary monolayers of CEF cells. The virus did not 

induce cytopathic changes in the cultures even after three 

serial blind passages. 

VERO Cell -line: Orf virus at the fifteenth passage level 

in LK cell cultures was used to infect monolayers of VERO 

cells. Five passages were made. In the first passage 

widespread cytopathic changes were present within 148 

hours of inoculation, the cytopathic effects being char- 

acterized by rounding and swelling of the affected cells. 

The cytopathic effects progressed to affect the whole 

cultures and complete destruction of the cell sheets 

occurred on the fifth day after inoculation. In the 

second passage, the cytopathic effects were observed on 

the first day after inoculation as foci of rounded cells 

which spread throughout the cultures but the cell sheets 

were not completely destroyed within ten days of inocu- 

lation. In the third, fourth and fifth passages, the 

cytopathic effects were evident within two days but com- 

plete destruction of the cell sheets still did not occur. 
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Human Amnion Cell -line (HA): Orf virus at the thirteenth 

passage level in LK cell cultures was used to infect 

monolayers of HA cells; two serial passages were made. 

In the first passage, the cytopathic effect was evident 

within three days and complete destruction of the cell 

sheets occurred within nine days. In the second passage, 

the cytopathic effect was evident in the second day after 

inoculation and destruction of the cell sheets occurred 

within seven to eight days. 

Baby Hamster Kidney Cell -line (BHK): Orf virus at the 

fifteenth passage in LK cell cultures was used to infect 

monolayers of BHK cell cultures. Three blind passages 

were made but the virus did not produce cytopathic 

changes in the cultures. 

Rhesus Monkey Kidney Cell -line (LLC -MK2): Cell. culture- 

adapted orf virus did not cause cytopathic changes in 

monolayers of LLC -MK2 cell cultures; three blind passages 

were attempted. 

HeLa Cell -line: Five serial blind passages of orf virus 

adapted to LK cells (tenth passage) were made in mono - 

layers of HeLa cells. There were no cytopathic effects. 
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VIRUS GROWTH IN CELL CULTURES 

Primary Foetal Lamb Kidney Cell Cultures 

The virus growth curve that followed the inoculation 

of primary monolayer cultures of foetal lamb kidney cells 

(FLK) with a cell culture -adapted strain of orf virus 

(fifteenth passage in lamb kidney cells) was studied by 

collecting serial samples at intervals. The samples 

were frozen and thawed three times to release cell - 

associated virus and then centrifuged. The supernatant 

fluid was collected and titrated. Titrations were 

carried out using tenfold dilution steps in PBS and each 

dilution was inoculated into five tubes of FLK cultures. 

Virus titres immediately after inoculation were 

higher than the virus titres at half, one, two and three 

hours post -inoculation but a complete eclipse phase was 

not demonstrated (Table 15; Fig. 16). Subsequently 

virus titres increased exponentially (rt4)= + 0.961; 

P <0.01). Maximal titres of 10 5TCID50 /ml were reached 

48 hours post- inoculation. Virus titres were maintained 

at high levels between 105'4 to 105.9TCID50 /ml for a 

period of three successive days. Thereafter, a slight 

decline occurred six days post -inoculation when no cells 

remained attached to the glass walls of the culture 

vessels. 



VERO Cell Line Cultures 

Secondary monolayer cultures of VERO cells were 

inoculated with a strain of orf virus adapted first by 

fifteen passages in lamb kidney cell cultures and then 

by five passages in VERO cells. Serial samples were 

collected at intervals and stored in the deep freeze. 

The samples were frozen and thawed a further two times 

to release cell -associated virus and then centrifuged. 

The supernatant fluid was collected and titrated. 

Titrations were carried out using tenfold dilution steps 

in PBS, each dilution being inoculated into five tubes 

of VERO cell cultures. 

Virus titres of samples collected at three hours 

post -inoculation were lower than the virus titres 

obtained immediately after inoculation. A complete 

eclipse phase was, however, not detected (Table 15; 

Fig. 17). At six, eighteen and twenty -four hours post - 

inoculation the virus titres increased exponentially 

(r(3) = +0.935; P <0.05), and reached their maximum of 

105.2TCID50 /ml 42 hours post -inoculation. At 48 and 72 

hours post -inoculation the virus titres were still high 

but lower than at 42 hours post -inoculation. At 120 and 

144 hours post- inoculation the virus titres had declined. 

Comparison 

Cell culture -adapted orf virus multiplied readily in 
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FLK and VERO cell cultures. Complete eclipse phases 

were not demonstrated in either system. The exponential 

increase phases were similar, the rates and times being 

statistically inseparable (F7 = 0.02 and Fl = 2.96 res- 

pectively) (Fig. 18). The estimated doubling -times were 

2.9 and 3.0 hours in FLK and VERO cell cultures respec- 

tively. Maximal titres were, however, higher in FLK 

cells. 

Conclusion 

The only system of those examined that yielded a 

typical and complete virus growth curve was infected 

scarified skin of susceptible sheep. Growth of the 

virus in both cell culture systems was typical up to the 

early part of the exponential decline phase but, there- 

after, observations ceased because all available cells 

were destroyed. Growth in the scarified skin of 

previously infected sheep stopped abruptly during the 

plateau phase. 

The phenomenon of eclipse was readily demonstrated 

in the two in vivo systems; it was not detected in the 

in vitro systems although there w6;:> a considerable fall 

in the titre of virus within 30 minutes of inoculation 

of the cell cultures. 

The exponential increase phases occurred signifi- 

cantly earlier in the cell culture systems than in the 
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in vivo systems. The rates of virus multiplication in 

susceptible sheep and both cell culture systems were 

very similar and appeared to be faster than the rate of 

multiplication in previously infected sheep (Fig. 19; 

Table 16). Statistically, however, all the rates were 

similar (F13 = 281; P >0.05). 

The highest virus titres occurred in biopsy samples 

of infected skin from susceptible sheep. 
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TABLE 15. 

Titres of orf -virus in sequentially collected 

samples of infected cell cultures from 

foetal lamb kidney and VERO cells 

Hours 
post -infection Foetal lamb kidney VERO cell -lines 

0 3.7* 2o 

1 2.1 

3 19 1.0 

6 2.3 2.14 

18 - 2.8 

4 5.3 4.5 

30 5.5 

42 59 52 

48 6.5 4.9 

72 5.9 14.6 

96 5.9 

120 5.3 45 
44 4.4 3-2 

TCID50 expressed in logarithms 

to the base 10 per ml. 
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TAßLE 16. 

Regressions of the exponential increase phases of 

orf -virus growth "in vivo" and "in vitro" 

Systems Regression equation 
Doubling -times 

(hrs.) 

Susceptible sheep Y = 2.14.x 

Previously 

infected sheep = 1-30.x 

FLK cultures = 2.45.x 

VERO cultures 4 = 2.0.x 

-0.41 3.4 

-0.70 5.5 

+1.96 2.9 

+1.31 3.o 



FIGURE 16. Growth of orf virus in primary 

monolayers of FLK cell cultures. 
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FIGURE 17. Growth of orf virus in monolayers 

of VERO cell -line cultures. 
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FIGURE 18. Exponential increase phases of orf 

virus in primary monola.yers of FLK and VERO 

cell -line cultures. 
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FIGURE 19.ponential increase phases of orf 

virus in in vivo and in vitro. 
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SUPPLEMENTARY STUDIES 

THE ROLE OF SCARIFICkTION IN THE DEVELOPMENT 

OF ORF LESIONS 

The sequences of macroscopical and microscopical 

changes that appeared in the scarified left thighs were 

similar to that described before for previously infected 

sheep. The lesions appeared on the second day and 

progressed to form characteristic orf lesions which 

persisted for 13 to 15 days post -inoculation. In con- 

trast, no particular changes either macroscopic or 

microscopic, were noticed on the right thighs of the 

same sheep. 

Electron microscopy examinations of ultrathin 

sections of the biopsy samples collected from the left 

thighs at five days post -inoculation showed evidence of 

virus multiplication. Virus particles of orf in dif- 

ferent stages of maturity were observed in the epidermal 

cells but not in the dermis (Plate 102). The examina- 

tions of biopsy samples collected from the right thighs 

of the same sheep revealed no evidence of virus multi- 

plication nor any specific changes in the epidermis or 

dermis. 
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HUMORAL IMMUNITY 

In Vivo 

The orf reactions in the lamb which received hyper - 

immune anti -orf serum and the lamb which received normal 

serum were typical and similar (Plate 103). 

responses were not evident (Table 17). 

Accelerated 

In Vitro 

Cytopathogenic effects were evident in the infected 

control cultures within two days of inoculation. Cyto- 

pathogenic effects also occurred in tubes receiving the 

serum -virus mixtures but the onsets were delayed for 

seven days in cultures containing undiluted serum and 

for four days In cultures containing serum dilutions. 

CELLULAR IMMUNITY 

The orf reactions in both the treated and control 

susceptible lambs were typical and similar (Plates 104,105). 

Accelerated responses were not evident (Table 18). 

IMMUNOSUPPRESSION 

All lambs reacted typically to orf virus. The 

reaction in one of the immunosuppressed lambs was more 

severe than in the untreated lambs. The reaction of 

the second immunosuppressed lamb, however, was similar 

to those of the untreated lambs (Table 19). 
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TABLE 17. 

The onsets in days of the clinical stages of 

orf lesion development in susceptible lambs 

receiving hyperimmune anti -orf serum 

and normal serum 

Stage Hyperimmune 
anti -orf serum Normal serum 

Macule 

Papule 

Vesicle 

Pustule 

Scab 

Resolution 

3 

4 

6 

8 

12 

34 

3 

6 

9 

12 

Dead 
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TABLE 18. 

The onsets in days of the stages of orf lesion 

development in sensitised and control 

susceptible lambs 

Stage 
Treated lambs 

No. 1 No. 2 

Control lambs 

No. 3 No. 4 

Macule 

Papule 

Vesicle 

Pustule 

Scab 

Resolution 

2 2 2 

3 3 3 

6 4 6 

8 6 8 

10 10 10 

41 28 24 

2 

3 

4 

6 

10 

33 

Lamb No. 1 inoculated with spleen cell suspension 

Lamb No. 2 inoculated with thymus cell suspension 

Lambs No. 3 and 4 uninoculated 
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TABLE 19. 

The onsets in days of the stages of orf lesion 

development in immunosuppressed and control 

susceptible lambs 

Treated lambs Control lambs 
Stage No. 1 No. 2 No. 3 No. 4 

Macule 2 2 2 2 

Papule 4 3 4 4 

Vesicle 6 5 6 6 

Pustule 8 7 8 8 

Scab 10 12 10 10 

Resolution 28 35 28 28 
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DISCUSSION 
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THE NATURE OF THE REACTION TO ORF VIRUS 

When orf scab suspensions were applied to the 

freshly scarified skin of susceptible lambs or sheep, at 

any age, lesions considered to be typical of orf devel- 

oped. These lesions progressed through the classical 

pox stages of macule, papule, vesicle, pustule and scab. 

The reaction was designated as a primary response. It 

was characterised by being distinct and pronounced, and 

it persisted at the site of scarification for periods 

ranging from three to five weeks. 

Similarly, when orf scab suspensions were applied 

to the freshly scarified skin of previously infected 

sheep, most of the animals reacted and developed lesions 

like that of the primary response except in the speed of 

the development which was significantly faster. Hence 

the reaction was designated as an accelerated response. 

The stages were short and overlapped and the lesions 

persisted at the site of scarification for only two 

weeks. 'A few sheep were completely refractory and did 

not react. 

Smallpox which is caused by variola virus was 

recognised many centuries ago as a distinct disease 

entity because of its striking symptoms and high mortal- 

ity. Elimination of the disease from most parts of the 

world stemmed in large measure from the application of 
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the classical report of Jenner in 1798 on the protection 

of man against smallpox by inoculation with cowpox virus. 

"It is remarkable that variolous matter, when the system 
2 

is disposed to reject it, should excite inflammation on 

the part to which it is applied more speedily than when 

it produces the smallpox "; in other words, an acceler- 

ated response. 

The concept of hypersensitivity was first developed 

in the early years of this century, in particular, by 

the French physiologist Richet and his colleagues 

(Portier and Richet, 1902). Shortly thereafter von 

Pirquet (1907) suggested that hypersensitivity piìyed a 

role in the development of the lesions of both primary 

and secondary vaccinal reactions. Since then, medical 

workers (e.g. McKinnon and Defries, 1931) have consis- 

tently reported that the accelerated responses in 

previously vaccinated persons to vaccinia virus was due 

to allergy or hypersensitivity despite the fact that 

accelerated reactions are pox -like in character. The 

best evidence that hypersensitivity was involved was 

furnished by Craigie and Wishart (1933) who reported 

that killed, washed, elementary bodies of vaccinia 

virus of rabbit origin elicited an early reaction in 

previously vaccinated individuals, but produced no 

reaction in the absence of previous vaccination. Like- 

wise, Broom (1947) showed that accelerated revaccinations 
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could occur in man in the absence of demonstrable 

antibody and could be elicited by heated, non -infectious 

virus and Benenson, Kempe and Wheeler (1952) found that 

inactivated virus could produce a vesicular response 

markedly similar to that produced by active virus in a 

person ?previously infected. 

Turk, Allison and Oxman (1962) reported that a 

typical delayed hypersensitivity reaction to vaccinia 

could be produced in guinea pigs free of demonstrable 

circulating antibody by the injection of virus -antiserum 

mixtures. They concluded that the "immune" or "allergic" 

reaction following revaccination in man was of a similar 

nature. ,similar observations were made in 1931 by 

Rhodes who inoculated rabbits subcutaneously with a non - 

infective virus -antiserum mixture, and on intradermal 

challenge with live vaccinia ten days later observed 

raised erythematous lesions with maximum intensity 

between 2L and tßß hours. 

Pincus and Flick (1963a) considered that the vesicu- 

lar lesions of primary vaccinia in humans was due to 

allergy. However, they added that the experimental 

results did not eliminate the possibility that destruc- 

tion of the host cells occurred by virus multiplication. 

Pincus and Flick (1963b) found that a primary 

vaccinial lesion in the guinea pig was completely sup- 

pressed by the local injection of a rabbit anti - guinea 
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pig mononuclear cell serum. They added,this treatment 

also prevented the occurrence of delayed hypersensitivity 

to inactivated vaccinia virus as well as other expressions 

of delayed allergy. 

Recently Allison (1967) concluded that delayed -type 

hypersensitivity occurred in many virus infections, the 

classic example being the "immune" reaction that occurred 

after administration of vaccinia virus to previously 

immunized individuals originally described by Jenner. 

Allison (1967) also postulated that cell- mediated 

hypersensitivity contributed to the primary vaccination 

response and was mainly responsible for the accelerated 

reaction after revaccination. 

Hypersensitivity by definition is a state of the 

previously immunized in which tissue damage results from 

the immune reaction to a further dose of antigen (Herbert 

and Wilkinson, 1971). Hypersensitivity may be antibody 

mediated as in immediate hypersensitivity or in the 

Arthus reaction or it may be a reaction of cell- mediated 

immunity'as in delayed hypersensitivity. The histopath- 

ological features of the delayed hypersensitivity reaction 

described by Rhodes and Van Rooyen (1968) are character- 

ized by the accumulation of mainly mononuclear cells at 

the site of antigen deposition particularly around small 

blood vessels. 

Suprisingly, there appears to be no observations 
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on the histopathological features of accelerated lesions 

in man previously vaccinated with smallpox vaccine. 

The hypersensitivity hypothesis is therefore flimsily 

based. 

No literature reports were found indicating that 

the accelerated responses in previously vaccinated 

subjects to vaccinia virus are associated with virus 

multiplication until Koplan and Marton (1975) published 

a paper on smallpox vaccination during the late writing 

of this thesis. They recovered virus from previously 

vaccinated individuals at the site of revaccination and 

they concluded that active virus replication occurred 

at the revaccination site. Their data on virus recovery, 

however, can be interpreted as being due to virus sur- 

vival; in my opinion, they published no convincing 

evidence of virus replication. 

Most of the previously infected sheep used during 

this study reacted to orf infection in a similar manner 

to susceptible sheep except in the speed of the devel- 

opment of the reaction. This response was like the 

accelerated response reported in smallpox revaccination. 

The reaction in previously infected sheep as well as in 

susceptible sheep was associated with virus multiplica- 

tion which was confirmed by growth curve studies and by 

electron microscopic examination of ultrathin sections. 

In those few previously infected sheep which did not 
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react and were completely refractory (5.3 per cent) no 

evidence of virus multiplication occurred. 

It is tempting to suggest that the presence of 

antibody in previously infected sheep rather than cell - 

mediated hypersensitivity plays a part in the reaction 

enhancing the multiplication of the virus. A similar 

phenomenon of enhanced virus virulence has been attri- 

buted to maternally derived antibody in infants infected 

with respiratory syncytial virus (Kapikian et al., 1969; 

Kim et al., 1969; Chanock et al., 1970) and in calves 

also infected with respiratory syncytial virus (Smith 

et al., 1975). Low levels of actively acquired humoral 

antibodies have been blamed for speeding up mortality in 

mice infected with rabies virus (Tignor et al., 1974). 

Similar observations were reported in the pathogenesis 

of two other viral infections, Aleutian mink disease and 

lymphocytic choriomeningitis. In Aleutian mink disease, 

Porter, Larsen and Porter (1972) showed that humoral 

antibody exacerbated the disease. The development of 

disease in lymphocytic choriomeningitis is attributed 

to cell- mediated immunopathological damage. Neverthe- 

less, Oldstone and Dixon (1970) found that injection of 

immune serum to lymphocytic choriomeningitis -carrier 

mice produced necrotizing lesions in the liver and brain. 

In the delayed -type of hypersensitivity the sensiti- 

vity can be transferred passively by means of injection 
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of lymphocytes and other nucleated cells from the blood 

and lymphoid tissues of sensitive subjects to the normal 

one (Carpenter, 1965). To clarify this situation in 

orf infection, I inoculated sensitized splenic cells or 

thymic cells into susceptible sheep. They did not 

exhibit an accelerated response when exposed to orf 

virus, reacting normally and having primary responses 

similar to that of the control animals. My results can 

be criticised on the grounds that I used too few animals. 

Nevertheless the results obtained were clear -cut. 

I believe that the progressive sequel of clinical 

and pathological changes in susceptible and most 

previously infected sleep cannot be explained other than 

by active multiplication of the virus. 

Passive immunization against viruses is effective 

only if sufficient antiserum is given, either before 

exposure to the virus, within a very short interval after 

exposure or experimental introduction of the virus 

(Carpenter, 1965). Andrewes (1929) found that anti - 

vaccinal'serum introduced into the shaved skin of a 

rabbit prevented formation of a local lesion following 

subsequent inoculation of vaccinia virus. However, 

immune serum introduced only five minutes after intra- 

dermal injection of the virus did not prevent a lesion, 

no matter how much serum was employed. In these 

studies I found that the administration o :' hyperimmune 
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serum intravenously to susceptible sheep followed by a 

rapid application of orf scab suspensions to freshly 

scarified areas of the inner aspects of the thighs 

neither prevented the formation of orf lesions nor 

induced an accelerated response. The lesion persisted 

in the treated animal for more than four weeks. A 

probable explanation of these findings is that serum is 

ineffective after the virus has invaded susceptible 

cells and has thereby become protected from antibody. 

Thereafter virus spreads from one cell to neighbouring 

cells by direct contact or through cytoplasmic bridges 

and induces local lesions at the site of scarification. 

On the other hand, it was expected that the administra- 

tion of anti -orf hyperimmune serum to susceptible sheep 

would produce an accelerated response similar to that 

described for previously infected sheep. In my experi- 

ment, it did not. A possible explanation of this 

finding is that the amount of hyperimmune anti -orf 

serum employed was not enough relative to the antibodies 

in serum present naturally in previously infected sheep. 

This observation was similar to those reported by Olah 

and Elek (1953) who injected orf- affected sheep subcut- 

aneously with 10 to 15 ml of serum from convalescent 

sl:. ep and found that the course of natural disease was 

not altered. Moreover, hyperimmune serum even in doses 

of 50 ml failed to protect sheep infected simultaneously 
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by scarification. 

I found that intravenous inoculation of orf scab 

suspensions to previously infected sheep induced accel- 

erated responses on the scarified aspects of the thighs 

but not when epidermal cells were mechanically crushed 

without causing any superficial damage to the intact 

skin. Furthermore, examination of biopsy samples 

collected from both sites revealed evidence of the 

presence of virus particles in different stages of 

maturity only in scarified thighs. Evidence of virus 

multiplication was only found in the upper layers of 

the epidermis but not in the basal cell layers and 

never in the dermis despite the fact that the virus was 

inoculated intravenously and the experimental animals 

were previously infected. In other words, the upper 

cells of the epidermis are the predilection site of 

virus multiplication but the trauma of scarification 

is essential for the establishment of infection. 

This finding confirmed the observation made by Scott 

(personal communication) that inoculation of orf scab 

suspensions intravenously did not induce infection . 

unless there was recent scarification, namely, within 

ten minutes but not 15 minutes. 

Rose, Holden, Blunt and Ragan (1952) investigating 

the action of cortisone on experimental vaccinia infec- 

tion of rabbits, found a diminished local inflammatory 



1314. 

reaction to the intracutaneous injection of live virus 

as well as increased quantities of virus in blood, 

brain, liver, spleen, kidney and adrenals of cortisone - 

treated rabbits. A similar effect of cortisone on 

experimental vaccinia infections of mice was noted by 

Moritsch (1956) with increased quantities of virus 

being obtained from various organs of cortisone- treated 

animals. Bugbee, Like and Stewart (1960) found corti- 

sone not only permitted vaccinia virus to multiply 

rapidly but also had some affect on the host defense 

mechanism allowing more extensive tissue destruction to 

occur. In my study I found that the administration of 

betamethasone to two susceptible lambs induced a more 

severe reaction in one of them but the other lamb 

reacted similarly to untreated lambs. The severity of 

the reaction was manifested by the presence of a some- 

what larger lesion over the scarified area which 

persisted for longer periods than that described for 

the other three lambs. Firm conclusions, however, are 

not warranted because too few animals were used. 
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VIRUS BEHAVIOUR IN SUSCEPTIBLE SHEEP 

AND CELL CULTURES 

Not unexpectedly, the first evidence of a reaction 

at the site of scarification varied from one sheep to 

another; usually the reaction was visible within two to 

three days being manifested by erythema over the scari- 

fied and adjacent skin. Later the erythema became 

limited to the lines of scarification. Macule formation 

was only observed occasionally and was always fleeting. 

The clinical stages were distinct, pronounced and clear 

cut and were considered to be typical of orf and similar 

to those reported by numerous other workers (Aynaud, 

1923; Glover, 1928; Howarth, 1929; Boughton and Hardy, 

1934; Hart et al., 1949; Olah and Elek, 1953; Nisbet, 

1954; Abdussalam, 1956; Wheeler and Cawley, 1956; 

Sabban et al., 1961; Kluge et al., 1972). Unlike 

Plowright and his colleagues (1959) and Kerry and 

Powell (1971) I found that the lesions remained localised 

and that no fresh lesions appeared either in the adjacent 

skin or at any other part of the body. Moreover, biopsy 

samples collected from the lesions and from normal skins 

at a distance of one and five cm from the lesions at 

three and seven days post -scarification and examined by 

light and electron microscopy confirmed this observation; 

typical histopathological features and virus particles at 
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different stages of maturity were readily observed in 

the biopsy samples collected from the lesions but not 

from the other biopsy samples of normal skin of the 

same animal. Nevertheless, I understand that, on 

occasion, secondary lesions have been observed in 

sheep at Easter Bush (Scott, personal communication). 

In regard to the ages of susceptible lambs and 

sheep and their influence on the course of the experi- 

mental reaction, I found that unexposed sheep at any 

age were equally susceptible to orf infection and the 

course ran typically as described for young susceptible 

lambs but resolution of the lesions varied; the mean 

duration of resolution was 28 t 7 days. The variation 

in the resolution period may reflect the lower innate 

resistance of some animals permitting greáter multipli- 

cation or persistence of the virus. These observations 

confirmed reports by Nagington and Whittle (1961), 

Schmidt and Hardy (1932) and Lutu (1971). 

In the present study I found that infective orf 

scab suspensions produced rapid and complete destruction 

of the cell sheets of primar;' monolayers of LK cell 

cultures within 24 hours. I believe these early changes 

were non -specific and probably due to the presence of 

toxic material in the scab suspensions similar to those 

found by Plowright's group (1959). In contrast, 

MacDonald and Bell (1961) believed these changes were 
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specific and their early occurrence was due to a heavy 

inoculum of virus. The specific cytopathic effects 

induced by the virus in primary monolayers of LK were 

noticed in this study at the third passage being 

characterised by the appearance of discrete refractile 

cells. These specific cytopathic effects were similar 

to those reported and described by several workers 

(Greig, 1957; Plowright et al., 1959; MacDonald and 

Bell, 1961; Nagington and Whittle, 1961; Nagington, 

1968; Kluge et al., 1972; Poulain et al., 1972; 

Rossi, 1973; Precausta and Stellmann, (1973). Further- 

more, as the passage level increased adaptation was 

manifested by the earlier onset of cytopathic effects 

and complete destruction of the cell sheets until 

stability occurred when the onset of the cytopathic 

effects was noticed on the first day post - inoculation 

and complete destruction of the cell sheets occurred on 

the third day post -inoculation. I, therefore, con- 

cluded that the early changes and complete destruction 

of the cell sheets within 24 hours were not specific and 

were unlikely to be due to the high multiplicity of the 

inoculum as described by MacDonald and Bell (1961). 

Nagington (1968) reported that after several pass- 

ages most sheep strains had lost their preference for 

sheep cells and grew as readily in heterologous cells 

as did sheep strains grown from human lesions. 
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Similarly, I have shown that after adaptation of the 

virus to primary monolayers of LK cell cultures the 

virus was easily adapted to grow in a variety of cell 

cultures including primary monolayers and cell -lines 

inducing characteristic cytopathic effects similar and 

typical of those descrilb. -ed for unstained preparations 

of LK cell cultures. Nevertheless, adapted virus did 

not produce cytopathic effects in primary monolayers of 

CEF cell cultures and in cell -lines such as BHK, LLC -MK2 

and HeLa cells. 

Light and electron microscopic examinations of the 

biopsy samples collected from skin lesions during the 

course of infection confirmed the clinical observations 

of the development of the reactions. Histologically a 

slight thickening of the cells of the Stratum spinosum 

was noticed 2Ì hours post -scarification. It was not 

certain, however, whether these early changes were due 

to the virus or due to the trauma caused by scarifica- 

tion. Examination by electron microscopy revealed no 

evidence of the presence of virus particles in any of 

the epidermal layers or in the dermis. The typical 

pathological changes were noted 42 to 48 hours post - 

scarification when the cells of the Stratum Rranulosum, 

particularly those located directly beneath the skin 

surface, showed the early stage of ballooning degenera- 

tion which was characterised by swelling and rounding 
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of infected cells, shrunk nuclei and vacuolation of the 

cytoplasms. Later, these changes were seen in most of 

the epidermal layers and the dermal papillae were more 

proliferative towards the dermis. These observations 

confirmed the findings of Glover (1928), Nesbit (1954), 

and Wheeler and Cawley (1956) that infection commenced 

in the most superficial cell layers of the skin. 

Salÿi (1939) and Abdussalam (1948) both described 

antra- cytoplasmic inclusion bodies in the epidermal 

cells of early experimental lesions of contagious pustu- 

lar dermatitis in the sheep. Similarly, Jubb and 

Kennedy (1963) reported that at three to four days after 

infection a few granular intra- cytoplasmic inclusions 

appeared in the swollen cells but they were transient 

and were seldom observed after the sixth day. Recently, 

Kluge and his colleagues (1972) reported the presence of 

antra- cytoplasmic inclusion bodies in the epidermal cells 

infected with contagious ecthyma virus. Moreover, they 

considered the finding of inclusions was diagnostic. 

However, the antra- cytoplasmic inclusion bodies in the 

epidermal cell layers described by Kluge's group (1972) 

are only convincing when stained by periodic -acid Schiff 

inclusions in Giemsa- stained preparations were ill - 

defined. The nature of the inclusions is not clear 

from their published paper in which they are described 

as being eosinophilic in the "Results" and basophilic 
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in the "Discussion ". 

I was not able to demonstrate intracytoplasmic 

inclusion bodies in histological sections of the skin 

in either the early or late stages of infection. My 

failure is possibly attributable to my use of toludine 

blue, the only stain recommended for thin sections 

derived from Araldite blocks. However, Nisbet (19514) 

also reported failure to detect inclusion bodies in orf; 

he examined histological sections stained for the purpose 

by Giemsa and haematoxylin and eosin using the prolonged 

eosin method. Similarly, Glover (1928) and MacDonald 

(1951) were unable to demonstrate intracytoplasmic 

inclusion bodies in the epidermal cell layers of sheep 

experimentally infected with contagious pustular derma- 

titis. 

Burnet (1960) pointed out that, at least for the 

formation of pox virus inclusion bodies, there is a 

marked difference between infected epithelial cells 

"in vivo" and cells infected in the laboratory; in the 

epithelial cells "in vivo" these inclusions are well 

developed but are rare and small in the cells of the 

chorio- allantoic membrane. My results conflicted with 

these observations; I did not demonstrate inclusion 

bodies in the epithelial cells "in vivo" but I did detect 

ill- defined eosinophilic intracytoplasmic inclusion 

bodies in primary monolayers of FLK and in VERO cell -lines 
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at 24 hours post -inoculation similar to those reported 

and described by Plowright's group (1959) in sheep 

kidney cell cultures. 

The adsorption and phagocytosis of pox viral 

particles by L cells has been reported previously by 

Dales and Siminovitch (1961). The phenomenon was 

observed 20 minutes after inoculation of vaccinia and, 

in addition, disruption of particles with release of 

material into the cytoplasm was noted (Dales, 1963). 

In the present studies, adsorution and phagocytosis of 

orf virus was not seen nor was disruption of the 

particles observed. These differences may be possibly 

explained by the relative low multiplicity in the orf 

virus in vivo experiments as compared to that of the 

tissue culture system used by Dales. Another explana- 

tion is that the range of samples examined in my system 

was not wide enough for this purpose. Similarly, I was 

not able to demonstrate convincingly either adsorption 

or phagocytosib in primary monolayers of FLK although at 

two hours post - inoculation I did find a few complete virus 

particles in the cytoplasm of distorted cells but not in 

samples examined at three or six hours. 

Examination by electron microscopy of the biopsy 

samples collected from the site of infection at 30 hours 

post -scarification revealed the presence of electron - 

dense aggregates as stall or large clumps in the cyto- 
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plasms of the uppermost cells of the Stratum ranulosum 

but not in the nuclei of such cells nor in the other 

layers of the epidermis. In addition, rare numbers of 

mature or immature virus particles either associated 

with these aggregates or scattered free in the cytoplasms 

of the cells were evident. Thereafter, the electron - 

dense aggregates increased in number and size and occupied 

large areas of the cytoplasms of infected cells having at 

their periphery several "shells" eithrr empty or contain- 

ing low electron -dense granular material. The number of 

virus particles, both mature or immature, also increased 

and appeared in the cytoplasms of most epidermal cells 

but not in the dermis. INäoreover, in some cells, large 

homogeneous material appeared in the cytoplasms and virus 

particles in different stages of maturity were observed 

embedded within the homogeneous material. Similarly, in 

FLK cell cultures I found electron -dense aggregates only 

in the cytoplasms of some affected cells of samples 

examined by electron microscopy at two hours post - 

inoculation. Later, virus forms, either immature or 

mature, were evident in most affected cells. I believe 

that these electron -dense aggregates were the first sign 

of virus replication in both epidermal cells and cell 

cultures. They may represent the early inclusion bodies 

described in pox viruses by Pereira (1961) who suggested 

that the early inclusion bodies represented the site of 
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virus synthesis whereas the inclusions formed later 

were of the nature of residual or incidental lesions. 

Okada and Fujimoto (1975) recently confirmed these 

observations. They reported two types of cytoplasmic 

inclusions, one basophilic and one eosinophilic, in 

epithelial cells of a calf affected naturally with 

bovine papular stomatitis virus. They concluded that 

the basophilic inclusions consisted of viroplasm and 

aggregates of a large number of virus particles which 

showed various developmental stages whereas the eosino- 

philic inclusions contained no virus particles. 

Similar observations were made in electron microscopic 

studies of the development of other pox virions, in 

particular vaccinia virus (Dales, 1963; Morgan et al., 

1954; Dales and Siminovitch, 1961; Fil et al., 1974), 

fowipox virus (Arhelger and Randall, 1964), Yaba monkey 

virus (de Harven and. Yohn, 1966), swine pox virus (amid 

et al., 1973), pseudocowpox virus (Cohen et al., 1964; 

Cheville and Shey, 1967) and in sheep pox virus (Murray 

et al., 1973) which permitted detailed schemes for the 

morphopoesis of these virions to be proposed. Such 

studies indicated that pox virus replication was initial- 

ly associated with the formation of cytoplasmic inclusions. 

Recently, Fil, Holowczak, Flores and Thomas (1974) 

reported that in HeLa cells infected with vaccinia virus, 

typical, consolidated "factory" areas did not appear in 
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infected cells until after viral DNA synthesis had been 

initiated. Accordingly, it is tempting to suggest that, 

in this study, DNA and viral protein of orf virus were 

being synthesized in those electron -dense aggregates. 

Membranous envelopes are the first morphologically 

identifiable structures in the morphogenesis of pox 

viruses (Dales and Mosbach, 1968; Tsurubara, 1971; 

Ichihashi et al., 1971). Similarly, I found that the 

morphogenesis of orf virus in the cytoplasms of both 

epidermal cells and cell cultures was associated with 

the formation of membranous envelopes. In the epidermal 

cells two forms of the virus predominated; one was round 

and possessed a low -dense granular centre surrounded by an 

electron -free zone and two outer membranes; and the other 

was oval and had a tubular or biconcave internal body 

enclosed by several membranes and a peripheral surface 

covered with many projection -like structures. Only 

the latter type of particles was found outside the cells. 

In cell culture systems five forms of the virus were 

recognised; the first type consisted of empty shells of 

two outer membranes; the second had low -dense granular 

material confined by two outer membranes; the third 

type had an electron -free zone between the central granu- 

lar material and two outer membranes; the fourth type 

possessed an electron -dense eccentrically placed body in 

a low -dense core of fine granular material and had two 
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outer membranes; and the fifth type was the mature 

virus particle similar and typical of those described 

in the epidermal cell layers. The differences in 

appearance of the virus particles in the epidermal 

cells and cell cultures may reflect the angle and 

level at which they have been transected. Neverthe- 

less, the variation was minute. Cohen, Delong, 

Sanders and Moscovici (1964) reported that in primary 

bovine kidney cell cultures infected with pseudocowpox 

virus inclusion bodies contained enlarged virus 

particles which appeared to be undergoing disintegration 

and which measured 575 to 650 nm in diameter in osmium - 

fixed preparations; in some preparations taken at a 

later time the virus particles measured 150 x 300 nm. 

I found the size of the virus particles in FLK cell 

cultures were similar to those in sheep skin and I did 

not find enlarged virus particles. 

In the epidermal cells at four days post - 

scarification a few complete virus particles were 

located over a well preserved nucleus. They were only 

noted in one section and I believe that this finding 

has no real significance; probably it was an artifact. 

Moreover, many virus particles in various forms of 

maturity were observed in enucleated cells of the 

superficial epidermal layers. 

Kluge and his colleagues (1972) found that biopsy 
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samples collected at 72 to 143 hours post -inoculation 

from lambs infected with contagious ecthyma virus had 

the highest concentrations of virions. I found that 

the number of virus particles increased extensively 

and remarkably from the third day until the tenth day 

post -scarification. In addition, virus particles were 

detected in all epidermal layers but not in the dermis. 

At the 14th day the number of virus particles decreased 

and the particles appeared only in the upper cell layers 

of the epidermis. By the 17th day post- scarification 

very few complete virus particles were detected and only 

directly beneath the skin surface. Thereafter, no 

virus particles were detected in biopsy samples. 

However, virus particles were still present in the scabs 

and could be demonstrated either by electron microscopy 

using the direct PTA negative staining method or by 

tissue infectivity assays. On the one hand, my results 

conflict with those of Romero -Mercado (1969) but on the 

other, they complied with the traditional concept 

expressed by Glover (1928) that the disease is spread 

by means of the crusts. 

Recently Romero -Mercado and his colleagues (1973) 

concluded from sequential observations of experimental 

orf lesions that in the scabs the virus particles, 

precipitation antigens and complement fixing antigens 

all reached peak levels between the first and second 
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weeks after scarification before antibodies were 

detectable. My findings in regard to numbers of 

virus particles in the epidermal layers of the skins 

were essentially similar. Decline in numbers of 

particles was associated with the appearance of anti- 

bodies as indicated by Romero -Mercado (1969) who 

reported that the essential difference between early and 

late scabs was believed to be linked to the development 

of complement fixing and precipitating antibodies. 

Appleyard, Hapel and Boulter (1971) reported that 

extracellular virus differed from intracellular virus in 

possessing an outer envelope. They suggested that the 

envelope was derived from the modified surface membrane 

of the host cell. In this study I found that mature 

virus particles made their first appearance outside the 

cells on the third day post -infection. Their numbers 

were considerably less than those found intracellularly 

during the course of infection. Their size and shape 

were similar to those of intracellular virus. I did 

not observe the outer envelope reported by Appleyard and 

his colleagues (1971) in skin sections but I did find 

some virus particles with an outer envelope in the scab 

preparations by using the direct negative staining 

method. 

In regard to the release of mature virus particles 

Bergoin and Dales (1971) reported that two patterns 
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appeared to have evolved among the pox viruses. In 

one process, as exemplified by vaccinia virus, new 

particles became associated with smooth cisternae and 

once the outer membrane of the cisternae came into 

contact with a plasma membrane fusion occurred providing 

a channel for the release of the progeny virus to the 

cell exterior. The second and completely different 

mechanism for dissemination of pox viruses involved the 

integration of progeny within specific inclusions. 

In cow pox, ectromelia, fowl pox and myxoma, these 

inclusions, termed either "A" type or Marchal bodies 

(Kato and Cutting, 1959), were formed in the cytoplasm 

relatively late in the cycle. In this study, vesicles 

bounded by delicate membranes and containing variable 

numbers of complete virus particles were noted in the 

cytoplasms of the epidermal cells and in the intracellular 

spaces. Channels between vesicles and cell membranes 

were not observed. However, large homogeneous aggregates 

appeared in the cytoplasms of some cells and virus 

particles in various forms of development were observed 

embedded within the aggregates. In addition, many virus 

particles were seen close to the cell membranes of 

epidermal cells and cell cultures. No conclusion can 

be made from my observations in regard to the release 

of orf virus from infected cells. I believe that most 

of the virus remained in the infected cells after viral 
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replication as reported by Pirsch, Mika and Purison 

(1963) who found that not more than one per cent of the 

intracellular variola virus was released from infected 

HeLa cells. Appleyard and Boulter (1972) also concluded 

that after replication of rabbit pox virus over 90 Per 

cent of the virus yield remained within the infected 

cells. 

Papadopoulos and his colleagues (1968) postulated 

the existence of a common antigen among the paravaccinia 

viruses. Similarly Romero -Mercado (1969) found that 

bovine anti- bovine papular stomatitis serum reacted with 

orf scab suspensions to produce one line of precipitation. 

I collected biopsy samples from a cow showing prolifera- 

tive lesions on the mouth, processed them for electron 

microscopical examination and found virus particles 

similar and typical in size and shape to those described 

for orf virus. In addition, examination of the same 

sample and others by electron microscopy using the direct 

negative staining method revealed that the virus had the 

criss -cross pattern characteristic of orf virus. In 

fact, differentiation between orf virus and bovine papular 

stomatitis virus appears impossible without knowledge of 

the origin of the samples. 

Quantitative serial studies on proliferative orf 

virus lesions on sheep skins have not, to my knowledge, 

been reported presumably because of the difficulty of 
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using large numbers of sheep in titrations. The method 

I used proved to be sensitive and fairly accurate but it 

was slow and laborious. I did not use tissue culture 

systems for virus titrations because of the toxicity of 

samples on first passage. 

It is of interest to compare my results with those 

reported by Fenner (1948) on the pathogenesis of ectro- 

melia virus in mice and by Plowright and his colleagues 

(1959) on sheep pox virus in sheep skins. Fenner 

inoculated about 500 ID50 of ectromelia virus into the 

foot pads of mice and noted that the clinical reaction 

did not appear until the local concentration of the 

virus had reached 107 ID50 per gram of tissue on the 

seventh day. Furthermore, the high titres in mice were 

zyaintained until the 14th day when antibody reached its 

peak. In sheep pox, Plowright and his colleagues 

reported that the local lesion was detected at about the 

time that virus proliferation became demonstrable and 

reached its maximum development at the peak of virus 

growth. The skin virus titre remained on a plateau up 

to the 14th day and then declined at approximately the 

same rate as it had risen. Plowright and Ferris (1958) 

showed that the virus -neutralizing capacity of the sera 

of infected sheep with sheep pox virus was developed by 

the 14th day and did not change materially from that 

time up to the 28th day. 
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In my growth curve studies orf virus disappeared 

completely at 24 hours post -scarification. New infec- 

tive virus emerged at 30 hours. The virus titres 

increased exponentially and reached a maximum of 10 5 

ID50 per gram of tissue four days after scarification 

when the local reaction was clear and pronounced. 

The estimated plateau phase occurred between the fourth 

and 21st day post -scarification. Thereafter the virus 

titres decreased exponentially until no infective virus 

was detected in the biopsy samples although a small scab 

was still present at the site of scarification. The 

rate of decline was much slower than the rate of ex;:ponen- 

tial increase, the half -life being 1.48 days as compared 

to a doubling -time of 0.14 days. 

My results are in agreement with those of both 

Fenner and Plowright; no clinical reactions appeared 

until the local concentration of the virus reached its 

peak. However, the incubation periods of both ectro- 

melia and sheep pox viruses were longer than that of 

orf virus. 

The virus growth curve studies in FLK cell cultures 

and in VERO cell -lines were similar to those described 

in susceptible sheep except that the phenomenon of the 

eclipse phase was not detected although virus titres in 

both FLK cell cultures and VERO cell -lines at three 

hours post- inoculation were much lower than those 
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immediately after inoculation. In addition, the 

exponential increase phases occurred significantly 

earlier in the cell culture systems than in susceptible 

sheep but the rates of virus multiplication were similar. 

The only system that yielded a complete virus growth 

curve was infected scarified skin of susceptible sheep. 

The development of viral antigen in VERO cell - 

lines was followed by using a fluorescent antibody 

technique (FAT). The first appearance of the viral 

antigen was at 20 hours post -inoculation in the cyto- 

plasms of some cells. Later, most cells contained 

antigen in their cytoplasms. This finding was similar 

to the electron microscopic observations. 

Immunosuppressive drugs have some effect on the 

behaviour of vaccinia virus in rabbits permitting the 

virus to multiply more rapidly (Bugbee et al., 1960). 

Similarly I found that the administration of beta - 

methasone tended to induce a more severe reaction. 
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VIRUS BEHAVIOUR IN PREVIOUSLY INFECTED SHEEP 

Scant attention has been paid to orf reactions in 

previously infected sheep despite its obvious importance 

in the epidemiology of the disease. In contrast, the 

clinical responses of previously vaccinated persons to 

smallpox are well- defined since Jenner (1798) first 

reported his observations on the protection of man 

against smallpox by inoculation with cow pox virus. 

In contagious pustular dermatitis Glover (1928) reported 

that sheep which had passed through a natural attack of 

the disease possessed a solid immunity against reinfec- 

tion. Moreover, recovery from the experimental disease 

which was much less severaconferred a high degree of 

resistance - sufficient to protect against reinfection 

for a period of at least eight months. Nisbet (19510 

concluded that orf produced a solid immunity in sheep 

to reinfection for a period of three months and a high 

d <ree of immunity in some lambs up to six months after 

initial infection. However, neither Glover nor Nisbet 

stated how frequently they examined their sheep after 

challenge. If, for example, they examined animals 

every 10 days they would have missed any accelerated 

reactions. 

Most of my previously infected sheep reacted when 

exposed to orf scab suspensions; they exhibited 
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accelerated responses. The responses were similar to 

that described for susceptible sheep except that the 

onsets of the reactions and the development of the 

stages were faster and the stages overlapped. The 

interval between challenge and rechallenge with orf 

scab suspensions had no effect on the progression of 

the lesions or on the timing of the resolution. In 

short, once animals had become infected naturally or 

experimentally they never again exhibited a primary 

response. 

There is, as yet, no satisfactory explanation as 

to why a very low percentage of previously infected 

sheep was completely refractory. A similar reaction 

has been described and reported in previously vaccinated 

persons to vaccinia virus by Fenner and White (1970) and 

by Rhodes and Van Rooyen (1968) . In addition, they 

recognised a response they termed an "immediate reaction" 

which was characterised by the rapid development of a 

transient papule. Fenner and White reported that the 

no visible reaction" and the "immediate reaction" were 

usually seen in solidly immune individuals. However, 

they added that these reactions did not always indicate 

immunity nor did they necessarily lead to immunity if 

the individual giving these responses was exposed to 

smallpox. They recommended that revaccination should 

be carried out with fresh virus. Similarly, Rhodes and 
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Van Rooyen reported that "no visible" and "immediate" 

reactions did not raise the level of antibody and 

should not be regarded as a "successful" vaccination. 

Persons developing these reactions were not necessarily 

immune to smallpox and fatal illness had occurred. 

Some people possess a natural immunity to vaccinia. 

McNeill (1966) also reported that skin resistance or 

skin immunity to vaccinia virus was a well recognised 

phenomenon in previously infected rabbits, although its 

mechanism was not understood. He added that skin 

immunity could be defined as the resistance of the skin 

to the initiation of a focus of multiplication by a 

given inoeulum of virus. Turner and his colleagues 

(1970) also reported that they had always obtained 

strong evidence of dermal immunity in rabbits immunized 

with killed smallpox vaccine when challenged with 

homologous virus although it was unrelated to the magni- 

tude of the humoral antibody responses. I, therefore, 

suggest that it is reasonable to presume that skin 

immunity mai have some role to play in those few sheep 

which did not react. 

Light and electron microscopic examinations of the 

biopsy samples collected from the skin lesions during 

the course of infection confirmed the clinical observa- 

tions of the development of the reaction. The histo- 

pathological changes were similar and typical to that 
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described for susceptible sheep except that the stages 

appeared earlier. Thus at two days post- scarification 

the eclipse period ended and was followed by the appear- 

ance of ballooned cells, characteristic of orf infection, 

in the superficial cells of the epidermis while the basal 

cells showed mitotic activity. Later, these changes 

were pronounced and observed in all the epidermal cell 

layers. Meanwhile, the dermal papillae iere more 

proliferative towards the dermis and the dermis shored 

extensive infiltration of the inflammatory cells. 

Examination of ultrathin sections revealed evidence of 

the presence of virus particles at different stages of 

development in the cytoplasms of infected cells. The 

evolution of the development of orf virus in the skin 

was typical and similar to that described in susceptible 

sheep except that the cycle of replication was shorter, 

the plateau titres were lower and the resolution stage 

appeared earlier. At eight days post -scarification no 

virus could be demonstrated at any level of the epidermal 

layers whereas at six days after infection virus particles 

in the skin sections were apparently more numerous than 

in susceptible sheep, although by tissue infectivity 

assays, the virus titres in susceptible sheep at that 

time were higher. A possible explanation was that not 

all the virus particles which were observed in the 

ultrathin sections were infective because they had been 
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exposed to the host defence mechanisms. 

Growth curve studies of proliferative lesions of 

the scarified inner aspects of the thighs indicated 

that orf virus disappeared completely at 24 hours after 

infection. New infective virus reappeared at two days. 

The appearance of new infective virus indicated the end 

of the eclipse phase which was longer than that found in 

susceptible sheep. Thereafter, the virus titres 

increased exponentially reaching a maximum of 10 
60 

ID 50 
per gram of tissue five days after scarification. At 

that time the clinical lesions were more pronounced and 

advanced than those of susceptible sheep. The estimated 

plateau phase was short and occurred only for a period 

of three successive days during which the virus titres 

fluctuated between 104'0 and 10 
6.51D 

50 per 
gram of 

tissue. Subsequently, the virus titres decreased 

abruptly and within four days no infective virus was 

detected although a small scab was still present over 

the scarified areas. The cause of the sudden decline 

o virus is not known. Nevertheless, it is reasonable 

to attribute the fall to host defence mechanisms. For 

example, Romero -Mercado (1969) showed that there was a 

rapid detectable rise in humoral antibodies within seven 

days of challenge. Recently, Vdovina and his colleagues 

(1973) found that in organ cultures of the skins of 

immune animals the virus of contagious ecthyma did not 
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reproduce and became inactive within five days. I 

found inoculation of orf hyperimmune serum to suscep- 

tible sheep did not alter the pattern of the primary 

response but delayed the onset of cytopathic effects 

of the virus in LK cell cultures for seven days. 

Two significant findings are apparent from my 

studies. First, so- called immune -reactions in exposed 

previously infected sheep are associated with virus 

multiplication and, secondly, virus growth in previously 

infected sheep is terminated abruptly. 
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