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ABSTRACT

A preliminary study of varicus orf virus isolates in

New Zealand is presented. A method of isolating and
purifying the virus from scab material is described.
Thirteen orf virus isolates were compared by DNA
restriction endonuclease analysis. There was extensive
heterogeneity in the EcoRy restriction patterns, however,

two of the isolates were similar.

Propagation of the virus 4{n vitro was also attempted. Five
of the isolates were successfully adapted to growth in lamb
testis cells and two of these were plaque-purified twice.
The characteristic cytopathic effect of cell-adapted virus
is early rounding and clumping together of infected celils.
This cell rounding could be seen as early as two hours
post-infection and could be inhibited by cyclohexamide.
There were two types of plaque. exhibited by the isolates

in lamb testis cell monolayers, the "open" and "closed"

types. Inclusion bodies were also seen in stained infected
monolayers.
32

P-labelling of a plaque-purified isolate was successfully
perfcrmed. Low passage (23 passages) in cell culture of
plaque-purified isolate No. 2 did not alter the EcoRl,
Bam H-I or Hind III patterns of the DNA when compared with

the original viral DNA from scab material.
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INTRODUCTION

Orf is common among sheep in New Zealand and the incidence
in man appears to be increasing. There is a vaccine
avallable for sheep. Although the vaccine protects lambs
from the disease it perpetuates the virus in the
environment. There is a need for alternative vaccination
methods.

It is the aim of this project to develop methods of
isolating, propagating and purifying orf virus in cell
culture and identifying isolates by restriction endonuclease

analysis in preparation for vaccine studies.



CHAPTER  OKE
REVIEW OF LITERATURE

CONTAGIOUS ECTHYMA IN SHEEP, GOATS AND MAN

Contagious ecthyma 1s a poxvirus disease of sheep, goats and
man. It 1is also known by other names. In sheep, In England,
it 1s called contagious pustular dermatitis (Glover, 1928);
in Scotland, orf (Martin-Scott, 1955 as cited by Trueblood
and Chow, 1963) from the Saxon for cattle (Hodgson-Jones,
1951). It is commonly known as scabby mouth in Australia
(Ohman, 1941; Sutherland and Moule, undated) while in the
United States, it 1s called soremouth, infectious dermatitis
or contagious vesiculc-pustular dermatitis (Schmidt and
Hardy, 1932; Trueblood and Chow, 1963). In New Zealand, the
disease 1s known as scabby mouth to the farmer and ecthyma
contagiosum or contagious pustular dermatitis to veterinarians
(Purdy, 1955). In human medicine, 1t 1s more popularly
referred to as orf (Purdy, 1955; Beck and Taylor, 1974).

The disease 1s prevalent in sheep-raising countries. It
occurs at any time of the year but 1s more common during
spring and summer mainly among lambs and kids (Glover, 1928;
Schmidt and Hardy, 1932). Older animals are more resistant
due to immunity from either vaccination or past infection
(Bruner and Gillespie, 1973). Morbidity can be very high
approaching 100% (Schmidt and Hardy, 1932) but mortality
rate 1n uncomplicated cases rarely exceeds one percent
(National Vet. Med. Publ., 1944 as cited by Hodgson-Jones,
1951). With secondary complications, mortality rate may
range from 20-507 (Aynaud, 1923 and Jacotot, 1924 as cited
by Howarth, 1929). Losses from scabby mouth in lambs are
due to the lesions on the lipes and mouth which interfere
with feeding, or refusal of ewes with infected teats to
nurse their young, subsequently affecting growth rates
(Howarth, 1929; Bruner and Gillespie, 1973). Deaths are



usually due to complications caused by, for instance, the
invasion of the lesions by the screwworm fly Cochliomyia
amerdicana (Boughton and Hardy, 1935) or the necrobacillus
Spherophorws necrophoruws (Newsom and Cross, 1931 and 1934a).

A case of scabby mouth associated with Dexmatophilus congolensdis
has been reported in New Zealand (Cooper et al., 1970). The
authors also cited a case of secondary complications with

Streptotrichosis among sheep in Kenya.

The virus enters the host through abrasions on the skin of
the lips and face. Such abrasions are caused by thistles,
hard stubbles or prickles of red-burr or similar plants.
The virus can also be transmitted to the udder of ewes by
suckling lambs. The incubation period of the disease 1is
about 72 hours (Sutherland and Moule, undated).

The virus 1s highly epitheliotropic (Beck and Taylor, 1974)
and the lesions produced are usually seen on the nostrils

and commisures of the lips. In more serious cases 1t may
extend to other parts of the body, for example the thigh,
axilla, coronet, vulva or cornea (Glover, 1928; Howartkh,
1929; Schmidt and Hardy, 1932); roof of the mouth, tongue,
gums (Glover, 1928; Howarth, 1929; Valder et al., 1979);
visceral organs (Newson and Cross, 1931). The last mentioned
complications were due to Actinomyces {(Spherophorws) necrophorws.

A generalised case of the disease was reported among sheep

in Kent by Darbyshire (1961). The infection persisted in

the acute form for two months involving the gastro-intestinal
tract and lesions extending to the lungs and heart. An
average mortality rate of 18% was recorded. Bacterial

organisms were 1solated but nonc was Spherophorus necrophorus.

A serious outbreak occurred in Germany affecting both lambs
and sheep. High mortality was noted among the young. In
addition to foot and genital lesions, deep ulcerative
stomatitis, pharyngitis and oesophagitis were observed.

Many of the affected lambs developed lameness and lost their



hooves (Valder et al., 1979). No secondary infection was

mentioned.

Grossly, the lesions in sheep start as discrete, reddened
swellings on the lips followed by papules, vesicles,
pustules and ulcer formation in three to four days. 1In
uncomplicated cases, the disease 1s self-limiting. Scab
formation occurs within one week and peels off the skin
within three to four weeks, leaving no scar (Glover, 1928;
Howarth, 1929; Schmidt and Hardy, 1932; Sutherland and
Moule, undated). Sometimes continued proliferation of the
epithelium occurs and a dense wart-like outgrowths appear,
resembling papilloma (Glover, 1928; Selbie, 1944). The
malignant form reported by Valder et al., (1979) produced
cauliflower-like growths in the oral mucosa. With secondary
complications, lesions become ulcerative and necrotic without
scab formation (Newson and Cross, 1931; Darbyshire, 1961).

The microscopic appearance of skin lesions was described by
Glover (1928) following artificial inoculation of lambs.

He divided the disease process 1into three stages. The first
stage, or papulo-vesicle stage, was characterised by
proliferation of the cells of the rete Malpighi. The
vesicles arose between the more superficial cells immediately
beneath the stratum lucidum and were represented by
collections of polymorphonuclear leucocytes. In the second
stage, or vesico-pustule, there was further degeneration of
cells forming an irregular network resembling the
"ballonisante'" stage of vaccinia. The vesicles became
enlarged and developed into pustules and finally ruptured
through the stratum lucidum. Crusts then formed from
cellular debris, fibrin and portions of the stratum lucidum
leading to the third stage, scab formation. Beneath the
crust, the epithelium regenerated and healing occurred.

A more detailed description was given by Wheeler and Cawley
(1956) also based on experimental inoculation of sheep.

There was no evident change on the fourth day post-inoculation.



The earliest changes were ''ballooning' degeneration of the
uppermost layer of prickle cells seen on the 4th and 6th
dayé and was almost complete by the 7th and 8th days. The
remaining cell walls produced a ''basket-weave' appearance.
This resulted in multiloculated superficially placed
vesicles and pustules. Between the llth and 17th days, there
was marked pseudo-epitheliomatous hyperplasia and granuloma
formation which led to a papilloma phase. This feature was
also described by Selbie (1944) in naturally occurring
disease in lambs, but was not described by Glover (1928).
Between the 22nd and 40th days, lesions gradually involuted.
The papilloma appearance disappeared, dermal infiltrates
gradually resolved, and regeneration occurred. There was
only slight connective tissue proliferation and thus the
healed lesions did not leave scars. Inclusion bodies were
not described in these experiments but were described by
Abdussalam (1957a). He described inclusion bodies that
measured 4 to 8 microns in diameter and appeared in the
cytoplasm of epidermal cells. The main microscopic feature
he saw was proliferation and reticular degeneration of
epidermal cells leading to necrosis. This was accompanied
by the infiltration of the corium with polymorphonuclear
and mononuclear inflammatory cells. 1In contrast to other
authors, he did not observe '"ballooning'" degeneration, but

he did observe the multilocular feature of vesicles.

The generalised cases reported by Darbyshire (1961) showed
cardiac, pulmonary and gastro-intestinal involvement. This
included myocardial haemorrhages, acute myocarditis,
haemorrhagic pneumonia with necrotic foci in the apical

lobes of the lungs, tracheitis, generalised degeneration

of the liver and inflammatory changes in the gastro-
intestinal tract. These lesions were mainly due to secondary
complications.



As discusscd briefly above, orf is also a zoonosis.

Human orf usually follows contact with infected sheep
(Hodgson-Jones, 1951) and 1is thus an occupational disease

of farmers, sheep shearers, freezing workers and occasionally
veterinarians (Purdy, 1955). It has, however, been seen in
people not directly involved with handling sheep and goats
(Kewish, 1951). These infections probably arose from

fomites such as sheepyard rails, wool hooks and clothing.

No man to man transmission has been reported (Moore, 1973;
Leavell, 1968) but there is no theoretical reason why it
could not occur. Presence of wounds and abrasions on the
arms and hands increases risk of infection (Pask et a!
1951 as cited by Platt, 1958).

‘)

The disease in man has been reported and described 1in
detail by many workers (Newsom and Cross, 1934b; Muir,
1951; Purdy, 1955; Hodgson-Jones, 1951; Nagington and
Whittle, 1961). The incubation period ranges from threc
days (Carne et al., 1946; Hodgson-Jones, 1951; Muir,
1951) to seven days (Hodgson-Jones, 1951; Muir, 1951).

It occurs most commonly as a single lesion on the arm or
hand. Lesions appear as discrete, raised, circular,
purplish-red papules (Carne et al., 1946) about 1-3 cm. 1n
diameter (Carne et al., 1946; Hodgson-Jones, 1951). Often,
the centre becomes ulcerated and surrounded by dead, white
"soggy' skin which gives a granuloma-like appearance
(Hodgson-Jones, 1951) and is sometimes described as
"cigarette burn'" lesion. In the early stages, the lesion
1s painless but later becomes sensitive to touch and in
uncomplicated cases has resolved 5-8 weeks after

infection (Hodgson-Jones, 1951).

A more severe form of the disease may sometimes occur.
Kewish (1951) reported metastatic lesions on the face,
arms and trunk accompanied by acute febrile reactions
(Stevens-Johnston Syndrome?). A similar case was reported
by Moore (1973) and Erickson et al. (1975). Blakemore

et al., (1948 as cited by Platt, 1958) described an
erythema-multiforme type of reaction. An unusual
complication was reported by Royer et al. (1970). Extensive



vesiculo—-pustular eruptions were seen on the patient's
forearms, hands, feet and legs. There was swelling of
regional lymph glands, and thrombosis of the ventral
retinal vein occurred which resulted in permanent blindness

of the right eye. These complications are, however, rare.

There are only a few reports of histological examination
of lesions in man. Wheeler and Cawley (1956) described
"sallooning" degeneration of the prickle cell layer in

the early stages of the disease which led to vesiculation
and sometimes changes associated with a chronic granuloma.
The microscopic picture was consistent with the appearance
of the gross lesions which are often multiloculated
vesicles and at other times rcsemble pyogenic granuloma
(Wheeler and Cawley, 1956). Inclusions may be seen
(Blakemore et al., 1948, as cited by Wheeler and Cawley,
L9569,

ORF IN OTHER HOSTS EXPERIMENTAL ANIMALS

Although orf 1is regarded as a disease primarily of domestic
sheep and goats, it has also been reported as occurring
naturally in other animals. The disease has been reported
in the musk ox (Kummeneje and Krogsrud, 1978), reindeers
(Kummene je and Krogsrud, 1979), and also in bighorn sheep,
chamois and thars (Davis et al., 1970 as cited by Beck and
Taylor, 1974). These infections were believed to be of
ovine or caprine in origin. There 1s also an unusual case
in dogs reported by Wilkinson et al., (1970). The dogs
could have been infected after being fed with unskinned
sheep carcasses.

\

In the musk ox, lesions were characterised by cauliflower-
like papillomas on the lips, muzzle, neck, eyelids, chest
and perianal region. Grossly and histopathologically,
these papillomas resembled common warts (Kummeneje and
Krogsrud, 1978). The lesions seen in the dogs were
essentially the same as those found in sheep. The



predeliction site was around the head. The lesions took
the form of circular areas of acute moist dermatitis with
ulceration and scab formation. Histologically there was
"ballooning" degeneration of the prickle cell layer giving
rise to small areas of acantholysis and intra-epidermal
vesicle formation. 1In some areas, there was reticular
degeneration of the prickle cells with sub-corneal vesicle
formation. In some foci, these degenerated cells had been
infiltrated with polymorphonuclear leucocyte giving rise to
a spongiform pustule. The 'basket-weave' appearance due to
vacuolisation of the cells of the stratum corneum was
observed in some areas. There was ulceration and loss of
epidermis. Heavy neutrophilic infiltration in the upper
dermis and pustules within some of the hair follicles was

also seen.

The situation as regards cattle i1s less uncertain. Orf 1is
not seen 1in cattle that are run with infected sheep, ana
Howarth (1929) failed to reproduce the disease in a cow.
However, Bennet et al., (1944) reported susceptibility of
calves to experimental infection.

Many attempts have been made to experimentally infect other
animals. These experiments have produced variable results.
Glover (1928), Newsom and Cross (1934a), Boughton and

Hardy (1935), Greig (1956), Plowright et al. (1959) and
several others cited by Abdussalam (1957b) failed to infect
rabbits. Abdussalam, however, claimed successful
inoculation of rabbits by scarifying the skin with massive
dose of the virus, and Darbyshire (1961) produced lesions
in the rabbit by multiple injections of 0.1 ml of virus
inoculum. Selbie (1944) and Wheeler and Cawley (1956)

also described lesions in rabbits artificially infected
with orf virus. Selbie (1944) at the time of writing
claimed the virus had undergone 19 passages in rabbits.



The infection in rabbits was reported as a mild disorder.
Wheeler and Cawley (1956) observed an incubation period of
seven to nine days while Selbie (1944) reported 20 days
which was reduced to seven days on the fifth passage.
Abdussalam (1957b) saw first sign cf infection on the 4th
and 5th days. The first indication of infection was seen
as tiny (l1-2 mm), erythematous maculopapules and the disease
ran a course of three to five days (Wheeler and Cawley,
1956). Abdussalam (1957b) observed erythema and papulation
on the 4th day. The papulation became more marked and
showed a well defined margin of congestion on the border of
the lesion. On the 5th day, the papules became covered
with a dull, yellowish-white scaly scab. In confluent
lesions, central parts contained a serous or haemorrhagic
exudate which was absent in discrete lesions. Scabs peeled
off on the 6th day. The disease ran a course of about ten
days. Selbie (1944) observed essentially the same lesions
but gave emphasis to the appearance of scaliness of the
lesion. The main microscopic feature of the infection in
rabbits was mild chronic inflammatory changes and lack of

the '"ballooning' degeneration and the granulomatous and
proliferative character of the disease in sheep (Selbie,
1944; Wheeler and Cawley, 1956; Abdussalam, 1957). A
reticular type of degeneration of the epidermal cells, as
in sheep, (Abdussalam, 1957a) was observed but no

cytoplasmic or nuclear inclusions were seen.

Unlike the orthopoxviruses, which readily grow on chick
embryos, orf virus does not seem to be easily propagated

in eggs (Newsom and Cross, 1934a; Greig, 1956; Webster,
1958; Darbyshire, 1961). Contrary to this, Abdussalam
(1957b) reported a successful attempt, but lesions
regressed and eventually disappeared after the fourth
passage. Growth and multiplication in the chorioallantoic
membrane of developing embryos was reported (Sawhney, 1966a
as cited by Beck and Taylor, 1974) and later demonstrated by

electron microscopy (Sawhney and Spasova, 1973).



Mice and guinea pigs were found refractory to infection.
(Howarth, 1929; Newsom and Cross, 1934a; Greig, 1956;
Abdussalam, 1957b; Darbyshire, 1961). Newsom and Cross
(1934a) also failed to infect pigs.

In summary, it 1s evident that sheep and goats remain the
most susceptible and the most suitable animals for
experimental purposes. However, rabbits could be used to
raise neutralising antibodies against orf virus by standard
me thods (Abdussalam, 1957b).

SCABBY MOUTH IN NEW ZEALAND

Although the disease is regarded as common in this country,
there is no published data to show the extent of the
problem. The incidence in sheep and the economic losses
incurred by the infection have not been determined.

There is, however, some data c¢n the prevalence of scabbyv
mouth affected lambs being presented for slaughter at

New Zealand freezing works. Below are the results of a
pilot survey done in two North Islands and one South
Island works. These figures have been derived from the
product of the average line size and the average number of
affected animals in affected lines (Robinson, 1980).

Month Auckland  Longburn Oamaru
October 0 49 0
November 0 146 298
December 0 659 1464
January 0 342 1464
February 49 122 756
Mar<h 0 122 586
April 0 - 122

Although it seems to occur throughout the year, it is more
prevalent during the summer months probably due to the
seasonal nature of lambing. It is not normally a serious
or devastating disease and can be controlled by vaccination.
The availability and use of cheap but effective vaccines

masks the risk of infection from naturally occuring or
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residual vaccine virus as long as vaccination is done

annually.

The importance of the disease can also be measured by 1its
effect in man. The first human cases in New Zealand were
reported by Muir and Purdy in 1951 and 1955 respectively.
More recently, based on a report by the Accident Compensation
Commission, there were increasing numbers of human cases
reported, from two in 1975 to 143 in 1979. Compensation
claims fcr orf in man from 1974 - 1978 have amounted to
$75,000. Also, from this data, freezing workers comprised
90% of the compensation claimants, the remaining propcrtion
included farmers, farm hands, shearers, bale press

operators, food packers and retail butchers.

DIAGNOSIS

The proliferative lesions are characteristic for orf bnt
should be differentiated from other infections such as

sheep pox, goat pox and ulcerative dermatosis.

Laboratory confirmation can be achieved by one of several
diagnostic techniques. Vesicular fluids from human
patient or scab lesion from sheep can be inoculated onto
sheep (Nagington, 1968), or onto cell cultures (Greig,
1957; Plowright et al., 1958; Sawhney, 1966c; Trueblood
and Chow, 1963; Nagington, 1968) for fluorescent antibody
test (Erickson et al., 1975). Agar-gel precipitation test
can also be employed when using orf lesions to detect
antigen but the technique 1s not sensitive in detecting
antibodies from convalescent sera (Sawhney et al., 1973).
Studies from experimental and natural cases in sheep have
shown that the complement-fixation test is the most
sensitive for detecting antigen (Romero-Mercado et al.,
1973a & b). According to the same authors complement-
fixing antigen persists in lesions or clinical material
for 6 to 7 days or more whereas 1f by electron microscopy,

virions may be masked by hyperplastic epithelium and
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tissue debris in subacute and chronic cases. However,
Harkness et al., (1977) described a method to obtain a
maximal number of virus particles from scab materials to
overcome some difficulties in recovering virus particles
especially from old lesions when electron microscopy 1s
employed in the rapid diagnosis of orf. Electron

microscopy 1s probably the most rapid means of diagnosis.

TREATMENT AND CONTROL

Treatment of orf lesions in sheep is usually unsatisfactory
and impractical except where secondary infection is
occuring. However, there are a number of suggested
treatments and these could be of value if only a few
animals are involved. A 5% copper sulphate solution can be
applied to the skin with a swab after removal of the scab
(Sutherland and Moule,undated). Other medications that
have teen used are 7% iodine, creosote dip, and 3% phenol
in vaseline (Beck and Taylor, 1974). Lithium antimony
thiomalate (6%) also known as anthiomaline® (May and Baker)
can be used (Sanderson, 1976). Where problems of screw-
worm flies occur, appropriate repellants or larvicides are
recommended (Merck Vet. Manual, 1973).

Control 1is preferable to treatment and vaccines are
available which produce a good immunity (Glover, 1928;
Howarth, 1929; Schmidt and Hardy, 1932; Boughton and
Hardy, 1935). Immunity could last for as long as two years.
Also, it has been noted that vaccination of already affected
lambs reduces the course and severity of the disease
(Boughton and Hardy, 1935). Vaccines are also safe to use
in suckling lambs (Kerry and Powell, 1971). Recurrence of
the disease in vaccinated animals was observed by Trueblood
et al., (1963) and Beck and Taylor (1974) but whether this
was due to a different strain of virus, or poor vaccination
technique was not determined.
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Vaccines currently used consist of a suspension of live
virus prepared from vesico-pustular lesions produced on
the skin of healthy, 4 to 6 months old lambs. The lambs
are killed and bled about the 5th day post--inoculaticn and
the epidermal pulp is removed and ground up with a mortar
and pestle. The ground-up lesions can either be dried
and kept at low temperature or made into a 107 suspension
in a suitable buffer. Buffers used are McIlvaine's
citric acid and disodium hydrogen phosphate solution

(pH 7.2) or a solution consisting of M/50 potassium
dihydrogen phosphate solution, M/50 disodium hydrogen
phosphate (pH 7.2) and 1/10 volume anaesthetic ether.
With the latter buffer the suspension 1s incubated at

2° to 4°C for 12 to 24 hours. The ether is then removed
by bubbling with filtered air. The suspension, prepare-
in either buffer, is stored at -20° to -70°C, tested for
potency and diluted to 1:500 with mixture of 7.5 parts
buffer and 2.5 parts glycerin and chloroform as a
preservative (British Vet. Codex, 1953). 1In lambs, the
vaccine 1s most commonly administered by the application
of the suspension to the scarified skin on the inside of
the hind leg. However, alternative vaccination sites can
be used. The ventro-lateral surface of the tail or non-
wooled area posterior to the axilla have been used in
pregnant or lactating ewes (Beck and Taylor, 1974). Such
vaccines produce a solid immunity but at the same time the

scabs produced by vaccination contain live virus particles.

Attempts to use tissue culture-derived virus as vaccine as
an alternative to the vaccine prepared as described above,
have been reported. Ramyar (1973) suggested using virus
passaged in primary lamb kidney cells for vaccine
production. The protection conferred by such a vaccine
against challenge with field virus was less than a year.
Ecthyma virus passaged 28 times in calf kidney cells
proved to be of low virulence and immunised lambs for six
months (Ergin and Koklu, 1977). A strain of the virus

grown 1n avian cells was reported to have lost its ability
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to produce skin lesions in lambs and rabbits, however, its
lmmunogenic properties were not tested. Zach (1979)
reported producing a safe and effective vaccine from virus
continuously passaged over a hundred times in sheep cells.
However, no challenge test had been performed in his
experiments even though a retrospective trial was
encouraging. A tissue culture-derived vaccine containing
interferon inducer was also reported by Valder et al.,
(1979) but there was not sufficient data to allow a

critical evaluation of the effectiveness of the vaccine.

It has been suggested that passage in human amnion cells
(Nagington and Whittle, 1961) and Hela cells (Sawhney and
Toschkov, 1971) has an attenuating effect on the virus

as determined by lamb inoculation but again these claims

have not been supported by published data.

Live virus vaccines, prepared from scab material are very
effective but have some disadvantages. Tissue culture-
derived vaccines have given promising results but their
commercial application has not been adequately assessed and,
as shown by two workers, immunity may be of short duration.
Killed virus vaccines do not seem to be of value as

immunising agents.

Knowledge of the mechanism of immunity to orf virus
infection may be useful in the search for alternative
vaccines. There are only a few reports of investigation
into the mechanism of immunity to orf virus infection.

It has been stated that orf virus is highly epitheliotropic
thus inducing ''skin immunity' (Aynaud, 1923 as cited by
Trueblood et al, 1963; Glover, 1928; Boughton and Hardy,
1935; Darbyshire, 1961). In the context of current

immunological understanding, such statements are unhelpful.

There have, however, been some observations made which are
helpful from the practical point of view and may give some
insight into the type of immunity induced by orf virus.

For example, the susceptibility to infection of lambs,
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72 hours after birth, born to immune ewes, proves that no
protective immunity is derived from the placenta or
colostrum (Boughton and Havdy, 1935; Richter and Jansen
1968). This implies that antibody, i1f produced, in the
affected animal is either of a class which does not pass
through the placenta or into the colostrum, or it 1is not
protective. It 1s stated in Buxton and Fraser (1977) that
sera from immunised sheep contain precipitating and
compliment-fixing antibodies to orf virus but the production
of neutralising antibodies 1s variable. Nagington and
Whittle (1961) reported detecting significant levels of
neutralising antibodies 1in convalescent sheep and human
patient's sera. On the other hand, Trueblood et al, (1963)
failed to demonstrate significant level of neutralising
antibodies 1in immune sheep sera. No investigations into
cellular immunity induced by orf virus infection have been

reported.

More 1is known about immunity to orthopoxviruses. In vivo
and 4n v4iiro studies with vaccinia and rabbit pox showed
that two forms of virus are produced during infection.
About 907% of the virus progeny remains intracellularly and
10% are released from the cells, the extracellular forms
(Boulter and Appleyard, 1973). These two forms of viruses
act as separate antigens and immunity to one does not
confer protection to the other, and this may be true in
other pox viruses, e.g. orf. Where the extracellular form
1s 1nvasive as 1n systemic poxvirus infections, resistance
to infection would be an interplay of both humoral and
cellular types of immunity. The humoral immunity 1is
directed towards released virus and the cellular immunity
attacks the infected cells. Antibodies against the
released virus play a major role in the prevention of the
spread of infection (Boulter and Appleyard, 1973). This
aspect has not been investigated for orf virus and it may
be of value to look into these two forms of virus in
relation to the immunity developed. However, as orf is

not a systemic disease, antibody directed against virus



15i.

particles may be of little significance in the protection
from or pathogenesis of the disease. Rather, cellular

lmnunity may be involved.

There are several speculations on the mechanism of cellular
immunity to poxvirus infections. Cytotoxicity or direct
attack on the infected cells is a function of the sensitised
T-cells that recognise antigens expressed early on the
surface of the cells (Blanden, et al., 1977). Direct

attack on the cells by T-cells is sometimes blocked by the
presence of low concentration of IgG antibodies on the
surface of the cells. However, these antibody-coated cells
can be destroyed by a mechanism termed antibody-dependent
cell-mediated cytotoxicity (ADCC). This latter mechanism
may be exhibited by both phagocytic and non-phagocytic
myeloid cells and by weakly glass—adherent cells with Fc
receptors known as ''K-cells'". Furthermore, interferon
produced by either the sensitised T-cells or the lymphokine-
stimulated macrophages might prevent the intercellular
transfer of virus particles (Roitt, 1977).

PHYSICO-CHEMICAL PROPERTIES OF THE VIRUS

Contagious ecthyma 1is caused by a virus belonging to the
family poxviridae. It has been grouped with papular
stomatitis virus in the genus Parapoxvirus (International
Committee on Taxonomy of Viruses, 1979). Its size 1s
approximately 260 x 160 nm with an axis ratio of 1.6
(Nagington and Whittle, 1961). Electron microscopy of the
virus particles stained with phosphotungstate reveals two
interchangeable forms (Nagington and Horne, 1962). The
type 1 or M (Mulberry) forms show the characteristic 'ball
of wool" appearance. The type 2 or C (clear) forms are
phosphotungstate permeable. The '"ball of wool" appearance
of the type 1 forms is due to the criss-crossing patterns
of the tubular protein threads on the surface of the
virions (Nagington and Horne, 1962; Nagington et al., 1964).
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By analogy with vaccinia virus (Westood et al., 1964) the
type 2 forms are damaged type 1 virions which allow
penetration of stain. The orf virion contains a double
stranded linear DNA with a molecular weight of 89 x 106

(A.J. Robinson, pers. comm.).

The virus is very thermostable and resistant to changes in
pH. It is completely inactivated at 60°C for 30 minutes
but retains some infectivity when held at 55°C for 30
minutes (Sawhney, 1972; Buxton and Fraser, 1977).
Infectivity is reduced by 1.5 - 2 logy g TCIDg, when the
virus was kept at 36°C I 6.5°C for one week (Plowright

et al., 1959; Sawhney, 1972). Scabs dried over sulfuric
acid, powdered and stored in well-stoppered sealed glass
tubes in ice box retained its potency for at least 32
months (Boughten and Hardy, 1935). 1In another experiment
by the same authors, infectious dried scab material was
divided into three portions and stored in stoppered glass
bottles in the dark at 83°F. One of the three samples lost
infectivity within 54 days, another within 64 days, and the
third within 120 days. Scab material also dried over
sulfuric acid, stored in amber bottle in the refrigerator
at 45°F retained infectivity for 22 years, 8 months
(Livingston and Hardy, 1960). Freeze-thawing does not
affect the titre of the virus, instead, after the 4th
freezing-thawing cycle, the titreis increased. This may be
due to the disruption of viral aggregates and release of
virus from cells (Plowright et al., 1959; Sawhney 1972).

When exposed to the summer heat in Texas, scabs remained
infectious only for few months but when left on the ground
in shaded areas, retained infectious particles for years
(Boughton and Hardy, 1935). At room temperature in the
laboratory, orf virus can be infective for as long as

15 years (Buxton and Fraser, 1977). It is only slightly
sensitive to ether and fluorocarbon (Trueblood and Chow,

1963) but inactivated by chloroform (Buxton and Fraser,
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1977). It is also resistant to glycerol (Sawhney, 1972).
In summary, it is evident that orf virus is typical of the

poxvirus group, being very stable under normal environmental

conditions.

MULTIPLICITY OF STRAINS

It has long been regarded that there is only one strain of
orf virus and that strains from all over the world are
antigenically similar. Cross-protection tests in sheep and
serological studies by several authors support this view.
Seddon and McGrath (1931 as cited by Boughton and Hardy,
1935) found that the English and Australian strains showed
cross-protection. Glover (1932-33 as cited by Horgan and
Hasseb, 1947) observed that virus isolates of ovine origin
from England, France and California conformed to a single
type. A caprine isolate from Tanganyika was identical with
the English isolate but comparison between the caprine
isolate from Cyprus and the English isolate was inconclusive.
Horgan and Hasseb (1947) again by cross-protection tests in
sheep showed that several of their isolates were immuno-
logically indistinguishable while others were closely
related. They described the difference of the reactions

as being partial to complete but explained these different
reactions as quantitative differences in antigen or

antigens. However, they did not exclude the possibility that
these minor differences were due to an expression of strain

varilance.

Trueblood et al., (1963) were cf the opinion that strain
variance had not been fully investigated. The occurrence
of the disease in vaccinated animals led them to doubt the
monovalence of the virus. Sawhney (1966b) cited Sarwar
and Barya (1961) as having isolated a virus causing
dermatitis in sheep in Pakistan which differed in some

respect with the classical ecthyma virus. Also cited was
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Bragazzi (1959) who observed outbreaks with mortality rate
of as high as 307 and as low as 1% which indicated the
possibility of different strains. However, although, these
papers have not been cited by the author, the possible
confusion with other diseases showing similar lesions such
as sheep pox could account for such large difference in
virulence. Valder et al. (1979) also described an outbreak
of orf with clinical picture that differed from usual cases.
They described this as a malignant form, and could be due

to a different strain of the virus.

From the results of serum-ncutralisation and crossprotcciion
tests, Sawhney (1966b) concluded that there was a multi--
plicity of strains of contagious ecthyma virus. He
tentatively classified Bulgarian B2 isolate and the

English isolate in one antigenic group and the Rumanian

and Slovakian isolates in another. He further showed that
an Iranian isolate resembled the English isolate. However,
Bulgarian isolate Bl differed from the B2 isolate. He
stated further that although these strains did not differ
in the type of Cytopathic effect they produced in cell
culture, titres of the Rumanian and Slovakian isolates were
always comparatively lower than those of the Bulgarian and
English isolates (Sawhney, 196b6c).

Another attempt to show strain variation was reported by
Precausta and Stellman (1973). The five isolates studied
were similar in their physico-chemical characteristics,
however, they showed antigenic differences. Based on the
neutralisation titres and indices, they placed four of the
isolates under one antigenic subtype and the other in
another subtype although the latter was very closely related
to the other four. Wittek et al. (1980) in a comparison of
eight pseudocowpox virus isolates and three orf virus
isolates demonstrated differences in the restriction endo-

nuclease patterns of these three orf virus DNAs.
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It appears likely that strain variation does exist in orf
virus as determined by serum-neutralisation and cross-—
protection tests. However, none of these studies are
conclusive and the definitive experiments have yet to be

done using plaque-purified virus.

GROWTH OF ORF VIRUS IN CELL CULTURES

Since Greig (1957) reported the first successful attempt

to grow orf virus in cell cultures, in vitro studies of the
virus have been often reported. Greig (1957) and Webster
(1958) used primary embryonic skin cells but the latter did
not observe cytopathic effect (CPE) with a New Zealand
vaccine strain of virus. There was however, viral multi-
plication. Plowright et al, (1959) was able to propagate

a virus strain in primary testis and kidney cells of ovine
and bovine origin. Similar results were obtained by
Nagiungton and Whittle (1961), MacDonald and Bell (1961) and
Trueblood and Chow (1963). Primary human amnion cells
could also be used to propagate the virus (Nagington and
Whittle, 1961; MacDonald and Bell, 1961). Nagington and
Whittle (1961) also used monkey kidney cells with success
but failed to grow the virus in HelLa, MK2 and AM9 cell lines.
Other successful attempts to propagate the virus in cell
cultuies were reported by Sawhney and Toschkov (1971, 1972)
in Hela and lamb testis cells; Rawmyar (1973) and Precausta
and Stellman (1973) in primary lamb kidney cells; and
Rossi (1973) in chick and duck embryo fibroblasts. These
findings show that cell culture-adapted orf virus can be

propagated in a wide range of cell types.

There are divergent views on the cytopathogenic effect of
orf virus on monolayer cultures. As mentioned earlier
Webster (1958) did not observe CPE with a N.Z. vaccine
strain of the virus inoculated onto embryonic sheep skin

cells. However, he could demonstrate virus multiplication.
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The authors that did observe a CPE reported a wide range
in the time interval between inoculation and its appearance
as well as the completion of CPE. For example, early signs
of CPE were seen at 18 hours (Nagington and Whittle, 1961;
Sawhney and Toschkov, 1972) at 20 hours (Ramyar, 1973;
Precausta and Stellman, 1973) or as late as 36 hours (Greig,
1957; Rossi, 1973), and two days (Sawhney, 1966c).
Observation of complete CPE also varied from 24 hours to

28 days. This wide variation could be due to the size of
inoculum, type and batch of cells and age of culture
(Nagington, 1968). Young and rapidly multiplying cells are
more sensitive to virus infection than older cultures.
Other factors that might affect production of CPE are
passage and strain of virus (Sawhney, 1966¢) and the origin
of the serum used in the culture medium (Nagington, 1968;
Zebrowskl et al., 1974).

Inclusion bodies were seen and described by some of the
authors cited above. Plowright et al. (1959) observed
intracytoplasmic eosinophilic masses at twelve hours post-
inoculation. These masses were oftentimes surrounded by
an 1ll-defined halo. Sawhney and Toschkov (1971, 1972)
and Rossi (1973) saw similar inclusions at two days post-
inoculation, the former using HeLa and lamb testis cells
and the latter, avian cells. Eosinophilic inclusions
usually paranuclear were also seen by Nagington (1968) and
Zebrowski et al. (1974). The behaviour of orf virus in
cell cultures as observed by the above authors 1is

summarised 1n Table I.

The virus seems to show a preference for primary cells of
sheep or human origin, not more than four days old, and

in the lst to 10th subculture passages (Nagington, 1968).
Nagington (1963) observed that orfvirus from sheep would grow
initially on sheep cells only. However, he found that this

specificity was lost on subsequent passages or if the



TABLE I: CYTOPATHIC EFFECT OF ORF VIRUS AS DESCRIBED BY DIFFERENT AUTHORS
. Time of
Cell
Tyoe Zéi:?n CPE Appearance Type of CPE Author
YP of CPE
Embryonic 2 isolates Enlargement rounding of cells. Increased granu-
lamb skin from Canada + 3-4 days larity of cytoplasm with eventual fragmentation. Greig
1 isolate from Some cells detached from glass, other cells (1957)
Sastratchewan clumped together. Complete CPE in 7 days.
Suspended N.Z. vaccine B no CPE observed but with possible replication Webster
sheep skin Strain (1958)
Sheep Welcome + nonspecific reaction on first day. Medium was Flowright et al
testis Strain changed. Shrinkage and rounding of remaining (1959)
cells. Complete CPE in 4 days. Next passage,
CPE complete in 7 days. CPE complete in 2-3
days on subsequent passages. Also mentioned
detachment but did not mention clumping of cells.
Sheep P3 from A Complete CPE in 48 hours. Subsequent passages,
. . Within
embryonic testis + Complete CPE between 2-4 days.
) 24 hrs
kidney cells
Calf P3 from + Within Rapid CPE 80-90% cell infection by 4th day
kidney testis + 24 hrs next passage, still some normal cell-islets on
cells 7th day. Subsequent passages showed similar
extent till 4th day.
P4 from Almost complete CPE on 2nd and third day,
testis + centripetal spread of infection. Similar
cells changes on subsequent passages.
Goat P4 from
kidney sheep + Similar as in sheep kidney

kKidney

" g



TABLE I: (continued)
Cell Virus CPE Time of
Type Strair Appearance Type of CPE Author
of| GBE
Lamb "Stock Strain" Early rounding (time not specified) and swelling of | MacDonald
embryonic from Aberdeen + cells followed by clumping. Using heavy inocula & Bell (1961)
kidney University CPE seen in 24 hours. Almost complete CPE in
3 days.

Human
embryonic + Similar CPE as above.
kidney
Human amnion{ P3 from lamb
Human kidney
embryonic
liver
1° Human 2 Human + Isolate #1 - rounded granular cells after 18 hrs, Nagington &
amnion isolates no further change until 15 days later. Then Whittle (1961)
209 Monkey 1 monolayer showed holes at the edge of the sheet.

kidney Marginal cells become refractile and in some the
Cell lives: Toxic cytoplasm becomes granular. Isolate # 2 produced

HeLa Effect CPE more rapidly, 5 days. ©Good inclusion bodies

MK> " are rare. In monkey cells, hole formation was less

AMog " marked but more rounded cells.
Bovine Did not describe type of CPE Trueblood &
fetal Fort Dodge + 3 days CPE complete in 6 days Chow (1963)
kidney, skin, | vaccine
muscle (usa)
Ovine fetal +
kidney

- A



TABLE 1: (continued)
Cell Virus CPE Time of
Type Strain Appearance Type cf CPE Author
of CPE
1° lamb Bulgarian B . 2 - 10 First sign. Loss of cellular boundary cells, Sawhney
testis 2 Complete days rounding of the cells followed by appearance of (1966)
1° lamb Czechoslovakian| Never gaps on holes in the monolayer, cells become more
kidney Complete refactory before lysis. Inclusions seen in
10 calf United English and Bulgarian B., isolates only.
. . Complete 2
testis Kingdom
10 calf . Never
; Rumanian
kidney complete
1©0 pig German Not
kidney Iranian fention
Inter-
mediate
Bovine ORF Rounding of cells with highly repactile Nagington
testis Monedwin + cytoplasm and appearance of holes in the monolayer. (1968)
Sheep ORAFLAM Produced "open type" plaques
testis vaccine
Human Field strain
amnion
Hela Bulgarian Loss of cellular boundary in 48-72 hours. Sawhney and
strain (PS5 + 48 hrs Py<nosis of nuclei, granulation of cytoplasm and Toschkov
from lamb appearance of vacuoles. Almost complete CPE in (1971)
testis) 6 days. Observed somewhat attenuating effect on
yirulence.
Lamb Bulgarian Cytotoxic effect in 24 hours. At 42 hours 60-90% Sawhney and
testis strain + 18 hrs cells lost normal shape. Gagps and holes appear in Toschkov
mor.olayer. There is cell rounding. Complete (1972)

CPE in 4-5 days. Inclusions seen.

27



TABLE I: (continued)
Cell Virus G5 Time of
Type Strain Appearance Type of CPE Author
of CPE
o .
+ ] . .
1 .lamb Lt }solate Complete CPE in 3 days. Did not describe CPE Ramyar
kidney 4 vaccine 24 hours
. (1973)
strain +
Duck Not specified + 36 hours First sign was cellular pyknosis, lateral Rossi
embryo displacement of the nuclius, enlargement of (1973)
fibroblasts cellular body, vacuolation along cytoplasmic
Chick membrane. Inclusion bodies seen at 48th hour,
embryo Cells are rounded and swollen. Lysis occurred
fibroblasts in some cells. Complete CPE in 96 hours.
Virus showed loss of pathogenic activity.
1° 1a mb Sheep isolate + w/in 24 hrs Rounded cells with pyknosis. Produced "open type" Precausta &
kidney plagues. Plaques - cellular lysis bordered by Stellman
pyknotic cells seen in 24 hours._ A multiplicity (1973)
of infection of 10’ TCIDS0/75 cm” flash produced
CPE in 48 hours.
1° bovine Fresh isolate + 3-4 davs CPE in 3-11 days. More pronounced in testis cells. Zebrowski et al
cells from sheep y Irregular results in other ceel types. (1974)
|
Caprine Scab material i 3 davs Increased refractiveness and rounding of cells by Renshaw and
testis from goats Y 3rd day, with 70 - 90% CPE by 5th day. By 5th Dodd
cells passage CPE was seen in 24 hoars. (1978)

e
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virus lsolate was from a human case. In contrast,
Zebrowski et al. (1974) used primary bovine cells for
isolation of the virus from scab material. While they
claimed a successful attempt at isolation in testis cells,
they pointed out that results in the other cell types were
variable or no cytopathic effects were observed. They also
observed that the virus appeared to prefer fibroblastic
rather than epithelioid type of cells. This is in agree-
ment with the findings of Plowright et al (1959) and
Sawhney (1966c¢c) in that fibroblastic testis cells were

superior to epithelioid kidney cells.

There are only a few workers who have attempted to quantitate
the yields of orf virus in cell cultures. In lamb testis
cells, Plowright et al. (1959) cbserved the peak of virus
multiplication at the 54th hour post-—incoulation. The
cell-associated virus gave a titre of 107 TCID5O/80mm2
Carrel flask. The free virus was 0.4 to 1 log unit lower.
In kidney cells, the titre was somewhat lower. The peak

of multiplication was observed at 48 hours post-infection.
The cell-associated virus had a titre of 108 TCIDSO/SOmm2
flask and the free virus, of 0.2 to 1 log unit lower.

They observed that freezing and thawing the culture several
times resulted in higher titre probably due to the
dispersion of viral aggregates and disruption of cells
releasing more virus particles, MacDonald and Bell (1961)
obtained 106 TCIDSO per 0.1 ml on repeated passage of the
virus 1in embryonic lamb kidney.

Sawhney (1966c¢) observed that there was a difference in the
titre depending on the strain of the virus, cell types and
passage of the virus but there was a tendency of the virus
to stabilise after the 12th passage. The titres he obtained
varied from 2.5 - 4.8 log10~TCIDSO per 0.2ml at the

4th passage to 3.2 - 7.2 log10 TCID50 per o0.2ml at the

12th passage. Virus cultured in lamb testis cells gave

higher titres than those grown in lamb kidney cells, except
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for one Iranian strain and the Bulgarian GMg 4 strain which
grew equally well in both cell types. Using primary lamb
kidney cells, Precausta and Stellman reported a titre of

106’5 to 107'5 TCIDg per ml.

Renshaw and Dodd (1978) obtained a titre of lO3 to lO5
TCIDSO/ml of orf virus grown 1in caprine testicular cells.
In avian cells, virus multiplication attained its maximum
between the 72nd to 96th hour post-inoculation with a
titre of 107°8 pfus/ml (Rossi, 1973). Neither author
however mentioned the passage number or initial size of

virus 1noculum.

The differences between these results do not conclude that
one method of quantifying virus titre is superior to the
other, nor that one virus strain 1s more virulent than the
other, for there is no standard basis of comparison. The
most important criteria for comparison would be the initial
size of inoculum (or multiplicity of infection), the number
of cells infected and the technique for assaying virus
titre. Such factors are adsorption time and diluent used
in adsorbing virus might also affect titres. Also, as
shown with other viruses, use of overlay additives may
enhance the number and size of plaques in the plaque assays
for viruses (Tobita et al., 1975; Gil-Fernandez et al., 1976).
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CHAPTER THWO

FATERTALS AND METHODS

Isclation and pwiification of orf virus

Ordigin of orf virus. Thirteen samples consisting of pooled
scab material were each taken from a line of lambs awaiting
slaughter. The samples were sent from a number of meatworks
throughout New Zealand (sce Table II). The samples were

kept at -70°C until processed.

Samples were processed three at a time. Five grams of scab
material from each sample were weighed and ground in a
mortar and pestle in 50 mis. of 10nM Tris-HCl pH 7.5. A
small amount of carborundam was added to aid disruption of
the scab. The suspension was placed in a 30 ml-screwcap
centifuge tube and centrifuged at 5000 RPM (3020g) for 31
minutes in the SS34 rotar at 4°C in the Sorvall RC5
centrifuge. A second centrifugation at this spced was some-
times necessary. The supernatant was then collected and

25 mls. was layered over 5 mls. of 36% sucrose in 0.1x ET
buffer. This was centrifuged at 22,000 RPM (50,000g) for

30 minutes at 4°C in the Beckman Model L ultracentrifuge
using Sw 25.1 rotor. The supernatant was discarded and the
remainder of the sample was processed in the same manner
using the same centrifuge tube still containing the first
pellet. The resulting pellet containing the virus was
resuspended with 1 ml. of 0.1lx ET buffer and was layered
onto a 25-50% sodium diatrizoate gradient. The preparation
of the aryl gradients was as follows. Sodium diatrizoate
solutions, 25 and 50% (w/v) were prepared in 0.1lx ET buffer.
Ten mls. each of the solution were placed into each of the
cylinders of the gradient maker with a mixer inserted into one.
The solutions were pumped slowly into a 1" dia. x 3" cellulose
nitraté tube. Ten mls. of 10% Dextran T1l0 in 0.lx ET buffer

was layered over the gradient.



TABLE II: ORIGIN OF SAMPLES
|
Saﬁgle Owner/Farin Location Freezing works/sender
o N.S. Chatfield| R.D. 2, Longburn Freezing
Dannevixrke Works
2 S.E. Hill R.D. 2, Longburn Freezing
Dannevirke Works
3 Nitske B.D. 2, Longburn Freezing
Dannevirke Works
7 A. Reeves R.D. 1, Hinerua, | Nelson N.Z. Ltd,
Onga Onga Hastings
8 Trellinoe Tepohue Nelson N.Z. Ltd.,
Station Hastings
9 J.N. Briant ».0. Box 3, AFF Co., Rangiuru
Matawadi
10 Okere Corp. P.O. Box 456, AFF Co., Rangiluru
Rotorua
I T.B. McCone 13 R.D., Tapui, | Waitaki Refrig. Ltd.
Oamaru Oamaru
12 W.J. Joneston Fiveforks, Waitaki Refrig. Ltd.
16 R.D., Oamaru Oamaru
13 M.I. Francis Duntroon, 5 R.D. | Waitaki Refrig. Ltd.
Oamaru Oamaru
14 Addington MAF, Islington
Saleyards
18 J.S. Robertson | Cadrona, 1 Rd., C.F.M. Co., Pareora
& Sons Wanaka Sth. Canterbury
19 E.D. Nicholson | 3 R.D. C.F.M. Co., Pareroa
Alexandra Sth. Canterbury
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For gradients suitable for the Beckman Sw 50.1

rotor, 2 mls. each of the 25 and 507 sodium diatrizoate and
0.8 ml. of DT10 were used in a %" dia. x 2%" cellulose

nitrate tubes.

The gradient with the partially purified virus was
centrifuged overnight at 22,000 RPM (50,000g) using the

Sw 25.1 rotor. The virus, if any, was visible as a white
band in the middle of the gradient. (Fig. 1). The virus
band was collected with the use of a peristaltic pump.

The virus suspension was diluted with 0.1 X ET buffer at 1:1.
This was layered over 1 ml. sucrose cushion and centrifuged
at 22,000 RPM (30,000g) using the Sw 50.1 rotor for 30
minutes. The pellet was resuspended with 1 ml. of 0.1X ET
buffer. Any residual sodium diatrizoate was removed by
exhaustive dialysis for three days against 0.1x ET buffer
pi 8-9, with frequent changes of the buffer. Removal of
the last traces of diatrizoate was essential as it
interferes with subsequent spectrophotometric analysis.
Every step was done on ice or 4°C as appropriate.

Spray droplel counting of ong virws particles. Particle counting
was done by the method of Backus and Williams (1950). To
15-30 ul of the virus suspension (cither neat or diluted
1:10 depending on the concentration of the virus as
determined by eye), 10 ul of 0.5% bovine serum albumin (BSA),
50 ul of 2% phosphotungstate pH 7.2 and 10 ul of 1:100

latex beads were added. The volume was made up to 100 ul
with deionised distilled water and 50 ul of the solution was
sprayed onto a formvar carbon-coated Cu grid using a spray
gun. This was done inside a biohazard hood. The grids were
examined under the electron microscope. At least eight
photographe of suitable droplets from each sample were taken
(Fig. 2). Average counts of orf particles and latex beads
were taken. A 1:100 dilution of latex beads (Dow, 91 nm
average diameter) in TE buffer from a stock of 10% solids

10

solution represents 2.42 x 10°° beads per 10 ul. This was

based on the assumption that the density of latex is 1.052.
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The number of particles in the original virus suspension was

then determined by a simple calculation.

Measurement of density cf fractions from aryl gradients. The density
relative to water of each gradient fraction was measured.
Fractions were collected from the bottom of the centrifuge
tube by passing a tube from the top of the gradient to the
bottom. The gradient material was drawn through the tubes
by a peristaltic pump and equal fractions were collected.

An aliquot of each fraction was drawn into a 100 ul
capillary tube, until filled and weighed. Two measurements
were taken for each fraction. Tubes were rinsed with
distilled water and dried with acetone in between sampling.
To calculate relative density, the weight of each fraction

was compared with the weight of an identical volume of water.

DNA extraction

To the virus suspension, 1/10 volumes 10 mg/ml pronase was
added and incubated for 30 minutes at 37°C. Then 1/10
volume 5% SDS in 45% ethanol was added and incubated for

a further 30 minutes at 37°C. Two to three volumes of
phenol equilibrated with STE buffer was added, mixed gently
for 2-5 minutes. The mixture was centrifuged at 2000 RPM
for five minutes. The aqueous phase was carefully removed
and phenol extraction was repeated twice. The extracted
DNA was transferred into a dialysis tubing and dialysed
exhaustively against TE buffer. The DNA concentration of
each solution was calculated from the absorbance in a 1 cm
light path quartz glass cell at a wave-length of 260 nm in a
Model SP 500 series 2 spectrophotometer. An absorbance of
1.0 was taken to be 50 ug DNA/ml.
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Restrdcediton endonuclease digestion and gelf elfectophosesis
of onf virus DNA

A 50 ul digest, containing 0.5 ug DNA, 10 ul of 5x Ry buffer,
1 ul of EcoR1 and water was incubated for an hour at 37°C.

The digested DNA was precipitated with ethanol as follows: -

Ethanol precipitation. To the digest was added 1/10 volume

5M NaCl, two volumes 95% ethanol, mixed well and incubated
at -20°C for at least 30 minutes. The mixture was then
centrifuged for 5 minutes in a microfuge. The ethanol was
tipped off and the precipitate was washed gently with cold
70% ethanol. After drying for 15-30 minutes, the precipitate
was resuspended with 50 ul TE buffer.

The digested DNAs were subjected to electrophoresis in a

0.77% agarose slab gel containing ethidium bromide (0.5 ug/ml).
Electrophoresis was done for 4-5 hours at 4 volts/cm of slab
gel. The gel was placed on a filter plate measuring 15 x 15
cm in a light box. The pattern of DNA bands was visualised
by i1llumination from below with 254 nM wavelength U.V. light
and photographed with a 4" x 5" format plate camera through a
wratten 23A filter onto Kodak Tri-X film.

Propagation of orf virus 4in cell culfure

Culture Medium. Medium 199 (Tricine buffered) containing
20, 10 or 2% foetal bovine serum (FBS) as required and 100
I1.U. penicillin, 100 ug Streptomycin and 100 ug Kanamycin
per ml.

Cefl Cultures. Low passage lamb testis, foetal ovine testis
and bovine lung cells; ROK (ovine kidney cells that had
undergone30 or more passages) and RK13 (rabbit kidney cell
line). Primary cells were prepared by standard methods
(Ferris and Plowright, 1958; Hess et al., 1963). Cells
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were stored in 1 ml glass ampoules in liquid nitrogen at a
concentration of about 40 x 1O6 cells per ampoule in T199
containing 207% FBS and 10% DMSO. For maximum recovery of
viable cells from frozen stocks, thawed cells required

gradual reduction of the DMSO concentration. This was done

by progressive dilution of the cells with 1 ml. medium at

1l minute intervals for 3-8 dilution steps. Cells were finally
diluted to the desired concentration in growth medium.

Using this method, 90-100% of the cells remained viable as
determined by trypan blue exclusion.

Detection of viable cells by trypan blue exclusion. One ml. of
thawed stock cells or trypsinised cells were reconstituted
with 9 mls. of growth medium. 0.2 ml. of the suspension
was diluted with 1.8 mls. of 0.2% trypan blue in PBS. A
small drop of the above was placed into each of the two
haemocytometer counting chambers. Viable cells did not

take up the stain while dead cells were stained blue.

Viable cells were counted on eight corner squares of the
chamber and the average count for one square was calculated.
This count multiplied by 10° represented the number of

viable cells per millilitre of the original suspensiomn.

Propagetion of cells in culture. Cell monolayers for virus
inoculation were grown either in Linbro trays, 35mm x 1Omm
plastic dishes, or 25 cm® or 75 cm? plastic flasks. 1If
plastic dishes were used, cells were incubated at 37°C in
an atmosphere of 5% CO,. Monolayers were usually confluent
in 1-2 days if the cells were seeded at 1.5 - 2 X 105
cells/ml. With lamb testis cells, only cells up to the 5th
subculture passage were used. Such cells were difficult

to maintain after the fifth passage. Cells were subcultured

at confluence by trypsinisation.
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Vinws dnoculation of cell cultures. A standard procedure of virus
infection of cell monolayers was followed. When monolayers
became confluent, they were washed at least once with
phosphate-buffered saline. The virus inoculum in T199 was
allowed to adsorb for an hour at 37°C with tilting every 15
minutes. After adsorption, the medium was replaced with
maintenance medium containing 2% FBS. Infected monolayers
wvere incubated at 37°C and examined every 24 hours or as
often as necessary for at least 14 days or until complete CPE
was observed, after which they were frozen at -70°cC.
Different inocula and different methods of serial passage of
infected monolayers were tried.

PRaque-purigication of virws Ls0lates.  Attempts at plaque-
purification were made with the tenth passage of isolates
number 2, 3, 9, 10 and 12. Each of these virus preparations
were derived from sodim diatrizoate-purified virus rather
than directly from diluted scab material. Serial ten-fold
dilutions of each isolate were prepared in T199 without
serum. Lamb testis cells grown in 1Omm x 35mm dishes werec
inoculated with 400ul of each dilution in duplicate. The
virus was allowed to adsorb for one hour at 37°C. After
adsorption, excess 1noculum was removed by suction. Each
dish was then overlayed with 2 mls. of equal quantities of
doubl2 strength T199 (containing 47% FBS and antibiotics)and
2% sea-plaque agarose. When the overlay had gelled, the
dishes were incubated in an inverted position 1in a co,
chamber at 37°C for a week. Five plaques from each isolate
were picked with a pasteur pippete and resuspended in 500 ul
of medium without serum. After freezing and thawing two or
three times, 250 ul was i1noculated into a 10 x 35 mm dish
containing lamb testis cells. Each plaque was passaged four

times before a second plaque-purification attempt.
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52p_ pabetling of onf virus DNA

Culture med<um.  Phosphate-free medium using Dulbeco's
Modified Eagles Medium formulation was preparced. HEPES at
20 mM concentration, 27 FBS and antibiotics were added just

before use.

Isolate No. 2 was used in radioisotope labelling experiments.
Labelling was done after the first and second plaque-
purification. A concentrated virus suspension was obtained
from two 75cm? flasks of infected lamb testis cells. The
virus was released by freezing and thawing the monolayers
several times and sonicating for 1 minute. The cell debris
was removed by low speed centifugation for 15 minutes. The
supernatant was layered over a sucrose cushion in a U.V.
light-sterilised cellulose nitrate tube. This was centrifuged
at 22,000 RPM (50,000g) for 30 minutes. The pellet was
resuspended in a phosphate-free medium without serum.

Another method of preparing virus for concentration was done
by pelleting the cells at low speed and grinding or crushing
the cells in a Ten broeck tissue grinder. This and the
infected fluid from low speed centrifugation was concentrated
by centrifugation as described above.

2 flasks.
When the monolayers were confluent, they were starved of

For labelling, LT monolayers were grown in 75 cm

phosphorus overnight by substituting the growth medium for

a phosphate-free medium. The following day the medium was
removed by suction and the monolayer washed twice with
phosphate-free medium without serum. The inoculum which was
also resuspended in phosphate-free medium was allowed to
adsorb to each monolayer for an hour at