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Abstract

The clinical, immune and serological responses of a flock of 44

sheep which suffered an outbreak of natural orf infection was monitored
over a period of one year.

Animals were shown to be almost solidly resistant to experimental
reinfection of the mouth with a heterologous strain of orf virus up to
one year after the outbreak. All animals tested were, however, at%
least partially susceptible to infection of the thigh within one month
of recovery from disease. Full susceptibility appeared to be regained
within a year.

Lanbs born to recovered swes one year after the outbreak were
uniformly fully susceptible to experimental mouth infection, but the
ewes remained resistant to udder infection vhile nursing the infected
lambs.

Most, but not all, sheep developed precipitating antibodies in
association with the outbreak of disease. An antigen of high potency
was required to detect such antibodies, the presence of which fluctuated
in individual animale during the monitoring period. Results also varied
with the use of antigens prepared from different strains of orf or
milker's nodule virus.

Using a plaque-reduction assay, some sheep were found to develop low
levels of serum neutralizing antibodies, either in association with the
outbreak of disease or following experimental reinfection.

There was no correlation between the mseverity of olinical leaions
and susceptibility to subsequent challenge infection of mouth or thigh
and the development of precipitating or serum neutralizing antibodies.

Precipitating and serum neutralizing antibodies also appeared to develop

independently of sach other and were not passively transferred from ewe

to lamb to any significant extent.




Sheep vaccinated by thigh scarification were, in mont canes,

susceptible to reinfection within one month. Precipitating and

serum neutralizing antibodies were detected after one or two

revaceinations.

In agar-gel diffusion teats, five strains of orf virus appeared

antigenically identical. Orf and milker's nodule viruses were similarly

indistinguishable and both were very closely related to bovine papular

stomatitis virus.
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INTRODUCTION

Orf vaccines licensed for use in the United Kingdom are required to

meet the standards of quality specified in the relevant monograph of the

British Pharmacopoeia (Veterinary) 1977.

The potency requirement of the

monograph is that vaccines should contain not less than 100 minimum

infective doses per sheep dose and that this should be determined by

vaccinating at least two healthy, susceptible sheep with serial dilutions

of vaccine applied to the scarified skin. In practical terms, the inner

aspect of the thigh is used for the test as this is a hairless area large

enough to provide multiple scarification sites which are protected from

interference by the test animal itself as well as being protected from

A 1/100 dilution of a satis-

contact with other animals or objects.

factory vacoine should give rise to characteristic lesions of orf at the

vaccination site on the fourth to eighth day af$er inoculation.

This test has been used at the Central Veterinary Laboratory,

Weybridge for a number of years to monitor the potency of commercially

manufactured vaccines but during this time a number of observations have

been made which have given rise to doubts over the meaningfulness of the

Firstly, vaccines passed the potency test even when

prescoribed test.

assayed in sheep which had suffered a natural orf infeotion less than

six months earlier. Secondly, vaccines passed the potency test when

assayed in sheep whioch had already been vacoinated batween one and six

months earlier and thirdly, sheep which had been used for vaccine assay

twice within the previous 12 months were still susceptible to thigh

infection and could be used for assay purposes yet again, although the

vaccinal lesions appeared less severs than those which had developed in

the initial assay. Thus it appeared that sheep remained "susceptible”

to experimental infection even though previous vaccoination or natural

infection should have rendered them “immune".



Examination of the published literature revealed a considerable

number of conflicting, often vague or unsubetantiated accounts relating

to immunity following orf infection and it was considered appropriate to

undertake further studies on this aspect of the disease with a view to

modifying the currsnt potency test or developing a new type of test,

should this be indicated. Before any experimental work was initiated

however, a natural outbreak of the disease ocourred in the flock of sheep

purchased for this purpose and the opportunity was therefore taken to

study some aspects of the clinical and immune response of naturally

infected animals which were considered of relevance to vaccination

procedures and vaccine potency testing.

The present work is an account of the study carried out on this

flock of sheep together with observations on other experimentally

infeoted animals and an investigation of the antigenic relationship

between different strains of orf virus and other selesoted poxviruses.
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I. The Disease

Nomenclature
The word orf is said to be derived from the English dialect word

"hurf", itself a word probably of Scandinavian origin meaning a crust or

scab on a wound (Webster's Third New International Dictionary, 1961).

It was first introduced into the literature by Walley (1890) as a synonym

for contagious dermatitis, a disease affecting the feet and legs of sheep

In these areas the disease was also

in the border areas of Scotland.

described as "carbuncle of the coronary band" or "hair and hoof" when

lesiona were confined to the feet or "mouth and foot" when the lips and

Berry (1901) made no distinction

face were also infected (Walley, 1890).

between orf, hair and hoof or mouth and foot disease and described the

condition in which either or both the mouth and feet were involved under

the heading of contagious pustular dermatitis. This term was used so0 as

to emphasize that when the mouth was affected the disease was essentially

a pustular condition of the skin in contrast to foot-and-mouth disease

which was a vesicular condition of the mucous membrane. Some years

earlier Walley had also described a disease of sheep known as malignant

aptha. This was an infectious pustular disease affecting principally

the mouths of suckling lambs and the udder and teats of the nursing ewes.

He considered this term a misnomer and proposed that the name "pustular

fever" or "contagious ecthyma" should replace it (Wwalley, 1868).

Hoare (1913) considered that all these terms were used to describe

different manifestations of the same disease and included the terms "lip

and leg ulceration of sheep", " t bi. " and "ulcerative

stomatitis" as additional synonyms. Lip and leg ulceration and Crusta

labialis have since been recognised as being synonomous with the disease

now known as ulcerative dermatosis of sheep, & ocondition pathologically

and immunologically distinct from orf (Tunniocliff, 1949).




Nowadays the terms orf, contagious pustular dermatitis and

contagious ecthyma are the three synonyms most commonly used.

Contagious pustular dermatitis tends to be favoured by British workers

whereas contagious ecthyma is used more often by American and European

workers, in standard text-books and in publications by international

organisations such as FAO, WHO and OIE. Orf is the term often used by

virologists and orf virus is currently listed as the type species of the

parapoxvirus genus of the poxvirus family (Fenner, 1976).

A number of other technical terms for the disease have appeared in

the literature in the past including contagious pustular stomatitis

(Aynaud, 1921) and infectious labial dermatitis (Seddon and Belschner,
1929). These have now become obsolete but two early colloquial

descriptions, namely sore mouth (Newsom and Cross, 1931) and scabby

mouth (Seddon and Belschner, 1929), still appear in print particularly

in farming journals and non-technical publications.

infect

1) Clinica] disease: Orf is an infectious disease of sheep and goats

caused by orf virua. Clinically it takes the form of an acute eruptive

dermatitis affecting principally the hairless areas of skin of the face,
especially the mouth, the feet, the udder of ewes nursing infected lambs

or, less commonly, the external genitalia. Following infection and an

incubation period of two to three days a sequential development of

papules, vesicles, pustules and soabs characteristioc of a poxvirus

infection ocours during the next ten days or so. The disease shows

considerable variation in severity from one ocutbreak to another with
corresponding variations in morbidity and mortality but it usually lasts

for two to four weeks when the scab material drops off and affected

tissues return to normal.




Numerous clinical descriptions of the disease have appeared in the

literature over the years, the very early ones of which were fully

summarized by Hoare (1913). In the 1920's detailed descriptions of

the disease were published by Aynaud (1923) in France, Glover (1928) in

England, Theiler (1928) in South Africa, Seddon and Belschner (1929) in

Australia and Howarth(1929) in the USA. These accounts and those of

other workers are all essentially the same and form the basis of the

descriptions found in standard text-books on sheep diseases (Marsh, 1965;

Jensen, 1974), veterinary medicine (Bungerford, 1967; Blood and

Henderson, 1974), veterinary pathology (Jubb and Kennedy, 1963; Runnells,

Monlux and Monlux, 1965) and microbiology (Buxton and Praser, 1977).

2) ceptible species: Orf is a naturally occurring disease of

sheep and goats and the susceptibility of these species to the virus is

unquestioned.

Among other species of animals the naturally ocourring disease has

Bouvier,

only been seen with any degree of frequency in the chamoia.

Burgisser and Schweiser (1951) first described the disease in this species

in Switzerland and further cases have been recorded by Carrara (1959) and

Guarda (1959) in Italy. Daniel and Christie (1963) reported that since

1940 at least eight epidemics of orf had ocourred in the chamois and thar

(an Indian species of deer) populations of New Zealand. Although

Grausgruber (1964) was unable to find any difference betwesn sheep and

chamois derived orf viruses in experimental animal studies and Gerstl

(1964) likewise ooculd not differentiate between virus strains from these

two origins under the electron-microscope, chamois contagious ecthyma

virus has been listed as a separate species in the parapoxvirus genus in
the Second Report of the International Committee on Taxonomy of Viruses

(Penner, 1976).




A single instance of a natural outbreak in dogs has been recorded by

Wilkinson, Prydie and Scarnell (1970).

The disease occurred in a pack

of hounds, with lesions developing mainly around the head. Skin biopsy

material proved infective for sheep and electron-microscope examination

of sheep lesion material revealed the presence of typical orf particles.

Orf ie not usually classified as a naturally occurring disease of

man but the virus is recognised as being infectious for man and it is

considered an occupational hazard for those involved in the sheep and

goat and allied industries. The early literature on human infection was

summarized by Taylor and Lea (1957) who refer to ten published reports of

human cases, including the first authentic report by Newsom and Cross

(1934b), and describe three additional cases. A later review by Leavell

et. al. (1968) also describes the clinical and pathological features of

19 human cases and an even larger series of 119 cases encountered in

Norway between 1957 and 1973 has been documented by Johannessen et. al.

(1975). In the United Kingdom human infection is probably more common

In 1977 a total of 28 human orf-paravaccinia

than is generally believed.

cases werv confirmed by the Public Health Laboratory Service, an incidence

only slightly less than the average annual total of 37 for the period

1972-1976 (PHLS, unpublished data). It should be borme in mind however

that these figures include milker's nodule as well as orf virus infections.

3) Prevalence! There would seem to be little doubt that orf is a

disease with a worldwide distribution. Acocounts of infection ocourring

in sheep or goats in many different ocountries are to be found in the

published literature and the most recent PAO/WHO/OIE Animal Health

Yearbook lists orf as ocourring in no less than 84 countries from which

information was obtainable (Table I).

In the United Kingdoa itself the disease is probably ubiquitous.
Many years ago Glover (1933) obtained strains of virus from Cambridgeshire,




Geographical distribution of orf,
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Dorset, Isle of Wight, Northumberland, North Wales, Rosshire, Somerset,

Suffolk and Worcestershire and during 1977 the virus was positively

identified in 37 samples of ovine scab material from 17 English and

Welsh Veterinary Investigation Centres, ranging from Penrith in the north

to Truro in the south and Bangor in the west to Norwich in the east

(Central Veterinary Laboratory, unpublished data).

Immunity
1) Imsunitv followjing nptural infection: It is generally recog-

nised that an animal which has recovered from a naturally acquired

infection possesses a considerable degree of immunity to reinfection but

the length of time such immunity persists has been the subject of various

opinions. Lanfranchi (1925) considered that it was not long lasting and

might disappear from five to eight months after infection. Glover (1928)

however was able to show that recovered sheep were resistant to reinfec-

tion for at least eight months and Jacotot (1926) demonstrated that goats
Hardy

(1964) held the view that in sheep a very strong life-long immunity

retained complete immunity for at least two and a half years.

Samojlov and

developed but only against the same strain of virus.

Aliverdiev (1968) also recognised that long-lasting resistance developed

in adult sheep but were of the opinion that this arose through periodic

re-immunisation in the field, mince adult sheep kept in isolation after

experimental infection became susceptible to reinfection after 10-12

months.
The length of time immunity persists also appears to depend to a

certain extent on the age at which infeotion ocours. Olah and Elek

(1953) noted that lembds which had sustained a natural infection when
only a few days old contracted the disease again one year later wheresas

those a few months old at the time of the initial infeotion remained



immune. Samojlov and Aliverdiev (1968) state that it is not unusual
to find cases where suckling lambs which succumbed to the disease have
suffered a further infection following weaning.

Apart from these observations on the immme status of the very young
lamb, there is no substantial evidence to show that the state of imounity
is otherwise age-related. Aynaud (1923), Theiler (1928), Seddon and
Belschner (1929) and Hardy (1964) have all affirmed that adult animals,
not previously exposed to infection, are fully susceptible although these
same authors as well as other workers generally agree that the disease is
not «s severe in the adult animal as in the lamb. Cases in which
nursing ewes have remained free of lesions while their lambs were clini-
cally affected have been attributed to an immunity acquired from an
earlier infection and not to ageing (Aynaud, 1923; Glover, 1928).

2) tv follow xperimental inf t Although it had been
established during very early studies of the disease that orf could be
experimentally transmitted to susceptible animals (Walley, 1890), it was
not until the 19208 that experimental infections were utilised to gain
further understanding of the nature of immunity to the virus.

Initially, Aynaud (1921) reported that experimental thigh infection
of sheep gave rise to an immunity lasting at least nine montha. The same
author subsequently published the results of further experiments with sheep

which led to the application of a practical method of thigh vacoination

still widely followed to the pressnt day (Aynsud, 1923). His more signi-

ficant observations were that a solid immunity to thigh reinfection
developed 15-20 days after initial infection; reinfeotion before 15 days
resulted in less severe and more rapidly forming and healing lesions;
animals infeoted by soarification of the tail developed immunity 20 days
later even when the tail had been amputated five days after infection;
imsunity could be induced by suboutaneous or intravenous inoculation of




infective material without the development of visible lesions; immunity

could not be transferred via serum from immune animals. The overall

conclusion was that in orf a tissue immunity, but not a humoral immunity,

developed associated with recovery from either natural or experimental

infection.

An part of a study to compare the disease as it ocourred in England

with that desoribed in France, Glover (1928) repeated much of Aynaud's

work and obtained similar results although immunity to reinfection was

found to develop somewhat earlier, being absolute by the 15th day post-

infeotion. He confirmed that immunity developed in lambs infected by

scarification of the tail which was subsequently amputated and that

immunity was induced by subcutaneous or intravenous inocalation of scab

Al though

material without the development of any disease symptoms.

these conclusione were based largely on the results of experimental

infections using scarification of the skin of the thigh, it was also

obgerved that the lips of animals which had recovered from a thigh

infection had "acquired a considerable resistance against the virus."

Marais (1928) found that animals infected by scarification of the neck

developed complete immunity of the lips within ten days and that this

immunity persisted for about six months. Seddon and Belschner (1929)

also reported that experimental infection of the inguinal region of

sheep induced resistance to a test infection of the muzzle and added

This development of immunity of the

that the reverse was also true.

muzzle following thigh infection was substantiated by the results of

additional experimental studies (Seddon and McGrath, 1933). Manley
(1934) however, found that sheep infected by scarification of the flank

developed only a partial immunity to reinfection of the flank and Nisbet

(1954) observed that flank immunity peraisted no longer than three

months.



The observation by Aynaud (1923) that reinfection before absolute

immunity developed resulted in more rapidly developing and healing lesions

has also been reported by Boughton and Hardy (1934), Manley (1934), Glover

(1935), Hart, Hayston and Keast (1949) and Olah and Elek (1953). This

abortive type of reaction has also been seen to occur when the state of

abaolute immunity had presumably waned and only a partial immunity remained.

Many of the seemingly contradictory findings of the above workers

were further investigated by Schmidt (1962). He was able to show that

following infection by scarification of the inner thigh, partial immunity

at the 1ip site could be detected by the eighth day post-infection and

absolute immunity by 13 days. Absolute immunity at the lip site persisted

for five months but contrary to expectations, B88% of animals were fully

susceptible to reinfeoction at the thigh site within two months of the

Furthermore, these animals could be similarly

initial scarification.

reinfected a second or third time at two-monthly intervals without any

Schmidt (1967c) further

apparent change in sensitivity to the virus.

reported that the healed lesion area of the thigh was more resistant to

reinfection than neighbouring skin asites; intravenous administration of

virus induced immunity on the mouth but not the thigh; sheep infected on

the feet developed immunity to challenge infection on the mouth as well as

the feet and sheep infected on the mouth, udder or inner thigh developed

immunity on the feet. Udder infection also induced immunity in the

mouth region but 83% of the animals which had recovered from an udder

infection were susceptible to udder reinfection while remaining resistant

to a mouth infection. Many of these findings were confirmed by Kovalev

et. al. (1971), particularly in respect of the time taken for immunity to

develop, the duration of immunity and the difference in sensitivity to

reinfection between the mouth and thigh regions. Kovalev et. al. (1971)

also confirmed the observation of Lopatnikov (1968) that two scarification

12




infections of the thigh at a seven to ten day intervml enhanced the

resistance of all other skin sites on the body to a further test infection.

3) Immunity following vaccination:

a) Live vaccines: Vaccination as a preventative measure and

also as a means of controlling an existing outbreak of orf in a flock of

sheep was first investigated by Aynaud (1923). The vaccine itself

congisted of scab material, collected at the 15th-20th day of disease,

which had been dried over sulphuric acid, exposed to chloroform for 24 hours

and again dried. When required for use a 1% w/v emulsion of the powder wac

made in 50% v/v glycerine in normal saline and a few drops applied to the

Scarification was carried out with

scarified inner aspect of the thigh.

each arm of the H being 8-10 cms long.

2 needle and took the form of an H,

Aynaud vaccinated 10,000 animals in this way without generalisation of

In those flocks known to be

vacecinal lesions occurring in any animal.

free of infection before vaccination, the subsequent introduction of in-

fected animals into the flock did not result in disease developing in the

vaccinaten. Vaccination of already infected flooks was also considered

guccessful in that the period during which disease was present in the

flock was reduced from an expected five to six weeks to three weeks.

Moussu (1923) also recommended this vaccination procedure for controlling

the disease in infected flocks, asserting that animals not yet affected

would not develop the disease and those in the incubation stage would only

develop small localized lesions. Melanidi and Stylianopoulo (1928)

reported that this method of vaccination had proved very effective in sheep

in Greece and Hatziolos (1930) obmerved that none of 5,226 vacoinated sheep

en though they remained in an infected environment.

became infected ev

Bubberman and Kraneveld (1931) and Kraneveld and Djaencedin (1933) showed

on the thigh protected sheep againat an experimental

that vaccination

challenge on the lips althouzh immunity was not absolute in every inatance.

13




An extensive series of field trials with sheep in Texas, USA was

undertaken by Boughton and Hardy (1924). 1In the first trial 7,804 lambs

from five ranches were vaccinated and 10,173 lambs from the same premises

were left as controls, the two groups being kept apart. The final

results showed that only 0.38% of vaccinated animals contracted the

disease whereas 65.%% of the controls became infected. It was also noted

that those vaccinated animals which contracted the disease showed only

very mild lesions. The following year approximately one and a half

million animals were vaccinated and with no reports being received from

the participating ranchers of any vaccinated animal contracting the

the results were considered highly successful. The sheep vacci-

disease,

nated in the initial trial remained on infected pastures for the following

two years during which time none of them developed orf. It was concluded

from this that vaccination afforded immunity against field infection for

at least two years (Boughton and Hardy, 1935). Hardy (1964), in fact,

was of the opinion that vaccination conferred life-long immunity.

A field investigation was also carried out in England by Glover (1935)

with approximately 1,870 vaccinated and 2,420 uninoculated animals main-

tained under similar conditions to act as controls. In the vaccinated

group 6.8» of animals developed the natural disease compared with an inci-

dence of 11.6% in the control group. it was emphasized, however, that

the lesions in the vasccinated lambs were distinctly milder than in the

control group. The vaccine was found to be unsuitable for very young

lambe as it frequently caused lesions of undue severity. It was

probably this latter observation which led to advice being given to flock

owners in the UK not to waccinate lambs under six weeks of age.

Kerry and Powell (1971) however, have since carried out trials which

demonstrated that lambs could be safely and effectively vaocinated as

of age and the six-week age bar is now no longer

early as 24 hours

applied.
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In New Zealand, vaccine prepared from scabs was considered to be

highly effective in preventing orf and was prepared by the Department

of Agriculture and issued free to farmers who were encouraged to avail

themselves of the service (Peddie, 1947, 1950). Vaccination as a means

of disease control was also used in Australia and Hart, Hayston and

Keast (1949) reported that the results of vaccinating approximately

53,500 sheep during a six year period were "all that could be desired".

In most cases no unvaccinated control animals were left on the premises

used but in one instance 1,300 lambs were vaccinated an’. 400 were left as

controls. Only three mild cases developed in the vaccinated lambs

whilst about 40 of the controls contracted the disease, many in a severe

form.

A vaccine prepared in a manner similar to that of all the previous

investigators was also evaluated in Hungary by Olah and Elek (1953).

These authors considered that the vaccine gave good results, particularly

Immunity appeared to

in reducing losses in endemically infected flocks.

persist for about one year except where lambs under one week of age were

vaccinated when immunity was shorter lasting. Tunkl and Aleraj (1964),

in Yugoslavia, also considered this type of vaccine to be both safe and

effective with immunity lasting for about one yoar.
Lopatnikov (1968) reported that in the USSR over two million lambs

on farms where orf was e problem had been vaccinated with complete success.

It should be noted, howaver, that a double vaccination procedure was used

with these animals. A vaccine trial was also ocarried out in Bulgaria by

Ganovaki (1973) with two to three month old lambs distributed between five

farms. Two months after vaccination an outbreak of disease appeared on

two of the farms affecting 375 of 838 unvaccinated animals but none of

the 1,050 in-contact vaccinates.




In Holland, Dijkstra (1967) used a heat-treated, live vaccine to
control an outbreak of disease in two experimental flocks of sheep. He
found the vaccine prevented further spread of the disease within the
flockas and accelerated the recovery process in already affected animals.
Richter and Jansen (1968) compared the performance of a similar heat-
treated vaccine with that of an unheated product and found the unheated
preparation to be greatly superior in preventing disease spread in an
infected environment but it had the disadvantage of inducing much more
severe vaccination reactions. Apart from these two trials using a heat-
treated vaccine, all the foregoing investigations were carried out using
vaccines prepared in essentially the same manner as that described by
Aynaud (1923) with only minor modifications being used by the diffarent
workers. Indeed, a method of preparation for this type of vaccine is
still described in the British Pharmacopoeia (Veterinary) 1977 and the
two commercial vaccines currently available in the UK are both prepared
from scab material.

Jacotot (1926) found that goats could also be successfully immunized
in the same way as sheep but recommended the oaudal fold as the vacci-
nation site of choice for milking and suckling animals. Immunity appeared
to persist for at least one year. Schridt and Hardy (1932) vaccinated
77 kids in a field experiment in which 70 kids were left as oontrols.
Approximately 80% of the control kids later developed the natural disease
while the vaocinated animals remained free of infection.

In recent years interest has been shown in the possibility of using
tissue culture derived vaccines and Khanduev et. al. (1968), Sjurin et.
al. (1968) and Raamyar (1973) briefly reported such products to be safe
and immunogenic. A mors comprehensive study, comprising three trials
on farms with an orf problem, was oarried out by Kovalev et. al. (1971)
in which a tissue culture derived vaccine was found to be only marginally
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less effective than a scab derived product in inducing immunity. Ergin

and Koklu (1977) found that a virus strain passaged 28 times in calf

kidney cells immunized lambs for up to six months.

Tissue culture virus emulsified with Freund's incomplete adjuvant

and inoculated subcutaneously has also been tested for vaccine potential

(Johnston, 1971). Fifty-five sheep were given the preparation and

challenged three to eight weeks later with virulent virus. The results

were considered encouraging and further trials recommended although the

severity of some local reactions which occurred was an undesirable

feature of the vaccine.

b) Inactivated vaccines: Glover (1935) was unable to demonstrate

that a heat=killed preparation administered by scarification or a formalin-

killed preparation given subcutaneously afforded lambs any degree of

immunity but two lambs given 10ml of the heat-killed preparation subcu-

Olah and Elek

taneously appeared to develop some degree of immnity.

(1953) also tested a formalin-killed vaccine but adsorbed the inactivated

fluid on to aluminium hydroxide gel before subcutuneous inoculation.

This product appeared to stimulate an immunity but the authors point out

that one dose of the vaccine required the same quantity of virus as would

make 30,000 doses of live vacocine.

4) Pasgive imeunitv: Aynaud (1923) reported that a lamb given
240ml intravenously of citrated blood from immunized animals was not

protected against an experimental infection adminlstered 24 hours later.

Boughton and Hardy (1934) observed that lambs born of immune mothers,

and which had suckled at least once, were fully susceptible to experi-

This apparent

mental infection administered within 72 hours of birth.

absence of serum or colostral orf antibody in amounts sufficient to

provide passive protection to the lamb has been supported by the
studies of Manley (1934), Glover (1935), Olah and Elek (1953), Lopatnikov

(1968) and Richter and Jansen (1968).

17



Although the weight of published evidence strongly suggests that
lambs do not acquire any significant degree of protection via colostrum
from immune mothers, Ganovski (1973) has produced evidence to the
contrary. In a study carried out on three sheep-rearing farms, 598 (394%)
of 1520 suckling lambs born of non-vaccinated ewes contracted disease
whereas only 29 (2.7%) of 1080 lambs from vaccinated animals were noted
as being similarly affected. Poulain, Gourreau and Dautigny (1972) have
also demonstrated that lambs born of immune mothers may have significant
levels of neutralizing antibody in their serum indicating that such anti-
bodies may be secreted in the colostrum. Unfortunately, these authors
only present the results obtained with the serum of a single lamb and as
this same lamb was not apparently challenged with infective mac.erial it
is not possible to draw any conclusion in reapect of the relationship

between neutralizing antibodies and protection.

Serological response to infection
1) Neutraliz tibodies: Following either natural infection or

vaccination, sheep appear to develop at best only low levels of neutra-
lizing antibody in their serum. Aynaud (1923), in fact, was unable to
demonstrate any neutralizing activity in the sera obtained from animals
which had recovered from natural infection or those which had been vacci-
nated one to two months previously. Initial experiments by Glover (1933)
also failed to reveal the presence of neutralising antibodies in the sera
of Tecovered lambs but he was subsequently able to demonstrate neutra-
1izing activity when an autolysate of orusts was used as the source of
virus. Titration of serum-virus mixtures in lambs showed that serum
from a lamb which had recovered three weeks previously reduced the
severity of the lesions, as compared with normal serum, but did not

completely inactivate the virus. Manley (1934) obtained essentimlly
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the same results as Glover with serum from two lambs artificially
infected by scarification and Selbie (1945) detected a low level of
neutralizing activity in a small sample of sera from recovered lambs but
also found that some lambs gave completely negative results. Olah and
Elek (1953) were unable to observe any neutralization of virus by conva-
lescent sera. Using the intradexmal inoculation of rabbits to titrate
serum-virus mixtures, Abdussalam (1958) was able to demonstrate a recog-
nisable degree of inhibitory activity in the serum of two convalescent
sheep three to four weeks after infection.

All the above workers used relatively crude antigen preparations and
carried out their titrations on the skin of sheep or rabbits. The results
obtained were necessarily of a qualitative nature and the neutralizing
activity of the sera tested could not be expressed in precise quantitative
terms.

Plowright, Witcomb and Ferris (1959) used a tissue culture technique
to assay the neutralizing antibody levels of sheep infected by dermal
scarification or intradermal inoculation. Using the constant serum-

varying virus method on sera from eight sheep, neutralization indices of

between 103100.5 - 105102.4 were obtained, the lower values being consi-

dered of only marginal significance. Nagington and Whittle (1961),
using a plaque-reduction test, demonstrated neutralizing antibodies in
convalescent sera from sheep severely affected in an orf epidemic but
Macdonald and Bell (1961), in preliminary tissue culture experiments,
were unable to demonstrate unequivocally the development of neutralizing
antibody after infection in either sheep or man. Liess (1962) used both
the constant serum-varying virus and constant virus - varying serum

methods in examining sera from four sheep, three of which had been

infected by 1ip scarification and the other by intravenous inoculation.

No neutralizing antibodies could be detected during the course of dismease
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or convalescence nor in the intravenously infected animal when serum

was tested 33 days after inoculation. Other workers have also reported

negative findings. Khanduev, Guesev and Dzhakulov (1969) could not

detect neutralizing antibody in twice vaccinated sheep two weeks, three

months or six months later or in naturally infected animals two, six and

nine months after clinical recovery and Schmidt (1967¢) was unable to find

antibodies in the serum of either convaleacent or hyperimmunized sheep.

Khanduev et. al. (1973) also reported the absence of neutralizing anti-

bodies in skin extracts of vaccinated or naturally infected sheep.

Although Kovalev et. al. (1971) aleo obtained negative findings with

sheep vaccinated by scarification of small areas (4 x 2cm) of skin,

serum neutralizing antibodies were detected after applying a massive

infection to extenaively scarified areas (20 x 10 cm) or following the

ke
subcutaneous inoculation of a large quantity of virus (10"1‘CID50/m1.).

Trueblood, Chow and Griner (1963) tested sheep convalescent serum by

both in vivo and in vitro methods. When serum-virus mixtures were

inoculated into sheep "no demonstrable reduction of lesions" was

observed but neutralization indices between log1o1.8 - 103102.1 were

obtained in tissue culture assay. OSawhney (1966c) also obtaired

neutralization index values of 103100.6 - 105102.0 in sera from sheep

experimentally infected by scarification. Poulain, Gourreau and

Dautigny (1972) used a plaque-reduction test to assay neutralizing anti-

bodies and found that a 1/50 dilution of serum from two, twice-vaccinated

sheep and from a convalescent animal gave a 50% reduction in plaque

formation. Neutralizing activity was also found in sera from actively

infected lambs and in the serum of lambs from immunised mothers. In the

latter case the antibodies were presumed to be colostrum derived.

Neutralizing activity was said to be enhanced by the addition of guinea-

pig complement to the serum-virus mixtures.
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2) Complement-fixing antibodies As part of a study into methods
of diagnosing orf infection, Glover (1933) investigated the possible

occurrence of complement-fixing antibodies in the sera of recovered and

hyperimmunized lambs. Using an autolysate of infective scab material an

antigen, clear-cut and specific fixation was obtained with hyperimmune

sera but convalescent sera gave results varying from occasional complete

fixation to, more commonly, no detectable fixation. The serum of an

experimentally infected lamb showed complete fixation three weeks after

recovery but by the ninth week these antibodies could no longer be

detected. Manley (1934) obtained a similar result in that serum from

one experimentally infected animal gave a positive complement-fixation

reaction but subsequent tests with other sera proved unsatisfactory.

Rottgardt, Arambur and Garcia Pirazzi (1949) detected complement-fixing

antibodies in the sera of sheep 8 and 31 days after experimental infection

whereas Nisbet (1954) found that specific fixation could not be detected

in the majority of serum samples from lamba 15-60 days after experimental

infection. Olah and Elek (1953) woere able to detect antibodies for the

first time 11 days after infection and found that 19 of 26 infected

animals still had antibodies in their sera five months later. These

workers also found that 23 of 83 sheep which were susceptible to infection

had complement-fixing antibodies in their sera whereas a number of immune

animals proved negative in the test. This latter observation was

explained by the fact that immunisation had occurred more than six months

previously. Abdussalam (1958) also detected complement-fixing anti-

bodies in sheep sera three to four weeks after orf infection but the

titres obtained were variable and not as high as in hyperimmunized

animala.

Using a tissue culture derived antigen, Macdonald and Bell (1961)

showed that serum from experimentally infected sheep fixed complement at




dilutions up to 1/64 three weeks after infection but Trueblood, Chow

and Griner (1963), also using a tissue culture derived antigen, found

no evidence of complement-fixing antibodies in convalescent sheep sera.

Schmidt (1967d) observed an eight-fold increase in antibody titres of

three sheep following repeated experimental infection at weekly intervals

for 16 weeks. Titres declined to pre-infection levels by fouxr months

after final reinfection.

Romero-Mercado (1969) used 1/100 dilutions of orf scab suspensions

as antigen to test convalescent and post-vaccinal serum samples from

sheep. Complement-fixing antibodies were readily detected in the sera

of convalescent sheep four weeks after the onset of disease and persisted

for at least 20 weeks, the longeat period tested. Similarly, wvaccinated

lambs developed antibodies within four weeks of vaccination which per-

sisted for 20 weeks. Groups of vaccinated lambs were also challenged

4, 8, 12 and 16 weeks after vaccination and serum samples assayed one

and two weeks later. Overall, challenge did not alter the complement-

fixing antibody levels.

3) Precipitating antibodies: The possibility that circulating
precipitating antibodies may be formed following orf infection in sheep

was first investigated by Glover (1933) using the flocoulation test.

Despite many attempts however, he was unable to demonstrate a specific

flocculation reaction with mixtures of scab extract and serum from

Manley (1934) also used the flocculation test to

recovered lambe.

the serum from a sheep recovered from experimental infection by

examine
goarification and subsequently hyperimmunized by four intravenous inocu-

Negative results were obtained with both convalescent

lations of virus.

Abdussalam (1958) confirmed these observations

and hyperimmune serum.
when using scab extract as antigen but with a partially purified and

obtained a weakly positive flocculation resction

concentrated antigen he




with a convalescent sheep serum and a stronger reaction with a hyper-
immune serum.

Trueblood, Chow and Griner (1963) used both the Ouchterlony double
diffusion and tube precipitin tests to examine convalescent sera.
Precipitating antibodies could not be demonstrated but the nature of the
antigen used was unclear from the protocol. Likewise, Schmidt (1967e)
was unable to obtain a precipitin line in the double diffusion teat with
sera from either convalescent or hyperimmunized sheep. Here again,
details of the antigen used in these particular tests are not given in
his report. Johnston (1966; 1967), on the other hand, was able to
induce the production of detectable levels of precipitating antibody by
hyperimmunizing sheep with tissue culture virus in Freund's adjuvant and
Sawhney, Dubey and Malik (1973) were able to identify three distinct
lines of precipitation in the double diffusion test when scab extracts
from 15 infected sheep and goats were reacted against sheep hyperimmune
serum but four convalescent sera from orf recovered sheep tested against
the same antigen preparations gave negative results. Capurso, Traballesi
and Guarino (1976) also found that serum samples from clinically
affected or convalescent sheep or goats generally gave negative results.

Although all the above workers were unable to demonastrate the
development of precipitating antibodies following natural orf infection,
convincing evidence of their occurrence has been provided by Romero-
Mercado (1969). Using the supernatent fluids from 20% w/v suspensions
of orf scabs as antigen in double diffusion tests he identified anti-
bodies in both convalescent and post-vaccinal sheep sera. In a group
of 16 naturally infected animals precipitating antibodies appeared in the
serum of 25% of animals within one week of the onset of disease and in
100% of animals by the fourth week. Antibodies had fallen to an unde-

tectable lcvel by the sixteenth week. All convalescent sera produced
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one line of precipitation only. In a group of 25 six-month-old orf-

susceptible lambs, precipitating antibodies were detected in five out of ’

six animals tested four weeks after vaccination but no antibodies were ‘ :

detected by the eighth week post-vaccination. Vaccination within one

week of birth of 12 lambs born of immune ewes resulted in the appearance

of antibodies in 30% of animals three weeks later. The number of posi-

tive lambs rose to 63% at eight weeks and then fell until all animals

Like the convalescent sera,

were negative by 20 weeks post-vaccination.

post-vaccinal sera produced only a single line of precipitation. In a

further experiment however, it was observed that two lines of precipi-

tation formed with sera from some animals which had been experimentally

challenged by scarification following recovery from a natural infection

or vaccination.

4) Aozlutinating antibodiea: In contrast to the considerable

number of studies carried out with respect to the development of neutra-

lizing, complement-fixing and precipitating antibodies following orf

infection or vaccination, few workers have inveatigated the uccurrence

Following the demonstration by Blakemore,

of agglutinating antibodies.

Abdussalan and Goldsmith (1948) that man developed specific agglutinins

in his serum after either natural or experimental infection, Olah and

Elek (1953) used a similar tube agglutination method to test sera from
Agglutination of serum dilutions

five experimentally infected sheep.

of 1/50 or greater were obtained with these animals compared with

dilutione of 1/10 or less in control sheep. Abdussalam (1958) mixed

dilutions of sheep serum with elementary body suspensions in a capillary

Conva-

tube and read the results after 18 hours at room temperature.
lescent, and more particularly hyperimmune sera, showed a four-fold or

greater rise in titre. Aleraj and Tunkl (1964) used essentially the
Low titres of

same technique to test sera from four infected sheep.
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agglutinating antibody were detected 6-10 days after infection with

four-fold rises being observed by 15 days. These workers concluded that
the test was a reliable diagnostic test for orf infection.

5) Haemuglutina.tion-mhibitigg antibodies: Unlike the viruses of

the orthopoxvirus genus, orf virus is not recognised as possessing a

specific haemagglutinin (Fenner, 1976) and this has been supported by the

observations of a number of workers. Blakemore, Abdussalam and

Goldemith (1948) reported that two strains of virus did not produce

haemagglutinins but the species spectrum of red blood cells tested is not

stated in their publication. Olah and Elek (1953) were unable to obtain

agglutination of chicken, rabbit or sheep erythrocytes and only inconsis-

tent and doubtful agglutination of frog, guinea-pig and horse cells.

Agglutination of hamster cells was observed in about half of the tests

carried out and inhibition of the reaction by convalescent serum was

obtained in a single instance. Kujumgiev (1954) also occasionally

observed agglutination of guinea-pig erythrocytes with high concentrations

of virus but cells from chickens, rabbits, sheep, horses and pigs were

Similarly, Abdussalam (1958) found that erythrocytes

not agglutinated.

from chickens, rabbits, sheep and a horse were non-agglutinable by the

virus and, in addition, that cells from a goat, a calf, pigeons, guinea-

pigs and mice were unaffected.
In contrast to the above findings, Sawhney (1966b) demonstrated

agglutination of chicken, guinea-pig, mouse and human "0" erythrocytes

with olarified suspensions of chorioallantoic membranes infected with orf

virus. The reaction was also shown to be inhibited by anti-orf sera

prepared by the hyperimmunization of chickens, rabbits and sheep. It

should be noted however that haemagglutination titres increased with

increasing egg-passage of virus and that no significant titres were
Infected

obtained with antigen prepared from the first two egg passages.
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scab extracts and elementary body preparations of the two virus strains

used alrso failed to agglutinate red blood cells. These observationa,

together with the additional finding that the haemagglutination obtained

could be inhibited with anti-vaccinia serum, must cast some doubt on the

validity of these findings.

II. The Vi&
Structure and Clgssification

One of the earliest suggestions that the causative agent of orf might

be a member of the poxvirus family came from Whalley (1888) who observed a

very close similarity between the lesions of orf infection of the udder and

Aynaud (1923) was

teats and the lesions of sheep pox at the same site.

one of the early workers to establish the filterability of the agent and,

because of the pathogenesis of the disease, classified the agent as a

virus in the vaccinia-variola group. Blanc, Melanidi and Caminopetros

(1922), Jacotot (1926), Glover (1928) and Newsom and Cross (1934a) all

confirmed the filterability of the virus, the latter two workers giving

a hint as to the size of the infeotive particle by finding that it would
Further filtration studies

only pass through the coarser grades of filter.

by Blanc and Martin (1941) enabled them to estimate the infective particle

to be 100-260 nm in diameter.

Ishii, Kawakami and Fukuhara (1953) first described the morphology of

Ellipsoidal particles,

the virus as revealed by the electron microscope.

200-250nm in diameter were observed in smears of pustular material,

Abdussalam and Cosslett (1957) made a more detailed study of morphology

using dark-ground illumination of unstained particles, light microscopy

of stained material and eleotron microscopy. Particles of mean length of

256nm and a mean breadth at the widest point of 156nm and with rounded

ends were observed. The axial ratio (length/breadth) was 1.6 and the




virus was distinguished on this basis from the viruses of molluscum

contagiosum, ectromelia, myxoma, canary-pox, pig-pox and vaccinia, all of ]

which have lower ratios.

Downie and Dumbell (1956) and Penner and Burnet (1957) both consi-

dered on the basis of particle morphology that orf virus should be a

candidate member of the poxvirus group.

The size of the virus has since been determined by a number of other

workers. Nagington and Whittle (1961) and Nagington and Horne (1962)

obtained average dimensions of 263nm (range 220-300nm) by 157 nm (range

150-175nm) and an axial ratio of 1.62 which compare well with the figures

of Abdussalam and Cosslett (1957). Schulze and Schmidt (1964b) also

obtained almost identical values (256nm x 157.5nm) for the strain they

examined and Faizulina et. al. (1973) found the majority of particles

they examined to have dimensions of 270nm x 170nm. Kujumgiev and

Todorov (1961) however obtained much lower values - 108nm x 143nm - and

an axial ratio of 1.45 and Knocke (1962) observed oval particles in the

range of 170-240nm in length by 120-170nm in breadth.

Nagington and Horne (1962) also described two forms of orf virus

In the complete form a

particle - an incomplete and a complete form.

well-defined oriss-cross or woven pattern of parallel stripes of material

running diagonally across the particle was demonstrated.

Nagington, Newton and Horne (1964) confirmed the nucleic acid of orf

virus to be DNA and determined the molecular weight of the nucleic acid

to be 171:106 per particle, a value similar to that of other poxviruses.

Orf virus has been shown to possess the ability to reactivate heat-

inactivated members of the poxvirus group, a property considered

characteristic of all poxviruses (Fenner and Woodroofe, 1960).

A study of the morphology of bovine papular stomatitis virus

revealed particles remarkably similar to orf (Nagington, Plowright and
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Horne, 1962). They were found to be oval in shape with a conapicuous

criss-cross pattern and with mean dimensions of 177nm x 169.5nm.

Friedman-Kien, Rowe and Banfield (1963) found that the milker's nodule

virus also exhibited a marked similarity to orf in overall appearance

although the dimensions (280rm x 120nm) were different. Peters, Muller

and Buttner (1964) considered that on the basis of virus structure, orf,

bovine papular stomatitis and milker's nodule (paravacecinia) viruses

belonged unequivocally to the poxvirus group but that they formed a

distinct subgroup for which the name paravaccinia was proposed.

Nagington (1964) also considered that these three agents formed a

distinct morphological type and Nagington, Tee and Smith (1965) argued

that the subgroup formed should more appropriately be termed the orf
Nevertheless, the term

subgroup rather than the paravaccinia subgroup.

paravaccinia came to be used to categorise these agents (Huck, 19663

Nagington, 1968; Joklik, 1968) even though Melnick and McCombs (1966)

formally classified them as the orf-like viruses subgroup.

In 1974 the International Committee on Taxonomy of Viruses (1CcTV)

approved the constitution of a family of viruses to be known as Poxviridae

with six genera being established within the family. The genus paga-

voxvirus (para = 'by the side of' (Gr.)) comprised the viruses of orf,

ulcerative dermatosis of sheep, bovine papular stomatitis and milker's

nodule (Fenner et. al., 1974). The Second Report of the ICTV in 1976

omitted ulcerative dermatosis of sheep and included chamois contagious

ecthyma virus in the parapoxvirus genus. Orf virus was established as

the type species of the genus (Fenner, 1976).

Resipt
Orf virus has been shown to be markedly resistant to the effects of

Aynaud (1923) found that crusts from lesions, powdered and

desiccation.




dried over sulphuric acid, remained fully infective for at least one
year and Glover (1928) considered this method of preservation to he
preferable to any other. Seddon and Belschner (19."’)) and Cauchicmesz
(1933) reported that dried scab material held at room temperature
retained infectivity for over a year and Glover (1933) found that low
temperature storage of crusts preserved infectivity for at least 4%
years. Hart, Hayston and Keast (1949) found dried scab material still
contained viable virus after 15% years storage at room temperature and
Livingston and Hardy (1960) were able to induce typical lesions in lambs
with sulphuric acid dried and powdered material stored in a refrigerator
for over 22 years. This same material has since been shown to be
infective after 27 years storage (Hardy, 1964).

The virus also appears to be comparatively resistant to heat treat-
ment. Exposure of infective tissue culture fluids to 37°C for one week
reduced infectivity approximately 100-fold (Plowright, Witcomb and Ferris,
1959; Sawhney, 1972) and a similar fall in titre was observed with
fluids held at 55°C for 30 minutes (Plowright, Witcomb and Ferris, 1959).
Schmidt (1967a) however, observed a 100-fold drop in the titre of a scab
suspension after only 10 minutes at 56°C with a further 1000-fold fall
after 20 minutes. Heating at 60°C has produced varying results. Aftor
30 minutes at this temperature Sawhney (1972) obaserved a fall not dissi-
milar to that obtained with material held at 37°C for one week and
Dijkstra (1967) also found that the virus survived these conditiona
whereas Richter (1969) obtained complete inactivation after 45 minutes

at 60°C which supported the much earlier findings of Boughton and Hardy

(1934) who noted a complete loss of infectivity after 30 minutes at 59°C.

Freezing and lyophilization appear to have no deleterious effect on
the virus (Olah and Elek, 1953; Plowright, Witcomb and Ferris, 1959;

Kovalev et. al., 19713 Sawhney, 1972).
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Ultrasonic treatment has also been shown to have no adverse effect
on virus infectivity but ultra-violet irradiation does have an inacti-
vating effect (Sawhney, 1972).

Resistance to the action of 1ipid solvents has been found to be
somewhat variable. Glover (1928) found that scab emulsions treated
with chloroform or ether had greatly reduced infectivity titres for lambs
after storage for eight days and he concluded that the virus was slowly
destroyed by these agents. Plowright and Ferris (1953) demonstrated a
low degree of sensitivity to ether treatment. These workers observed a
similar degree of inactivation with wvaccinia, a virus usually considered
to be very resistant to ether (Andrewes and Pereira, 1972). Trueblood
and Chow (1963) could not detect any significant loss of activity after
ether treatment and Sawhney and Toschkov (1972) found only a low degree
of sensitivity with the five strains they examined. Precausta and
Stellman (1973) reported a "medium" degree of sensitivity with five other
strains of virus. Both the latter groups of workers found however that
all strains were markedly sensitive to chloroform treatment. The true
position is probably as stated by Andrewes and Pereira (1972) that orf
virus holds a position intermediate between the ether-sensitive and
ether-resistant poxviruses but like all other members of the same family,
is chloroform-sensitive.

Although orf virus has proved to be relatively resistant to inacti-
vation by physical factors such as heat and desiccation, it appears to
be fairly sensitive to chemical disinfectants. Manley (1934) demon-
strated that emulsions of infective scab material could be rendered
innocuous by treatment for 20 hours at room temperature with 0.5%
carbolic acid, 0.05% formalin or 0.005% mercuric chloride but was resis-
tant to 0.01% potassium permanganate. Grishaev et. al. (1971) reported

that treatment of infective scab material for one to two minutes on two
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to three consecutive days with 5-10% solutions of formalin or copper
sulphate rendered the material non-infective for sheep and recommended
copper sulphate for the treatment of lesions on infected animals as a
means of preventing spread of the disease. Evans, Stuart and Roberts
(1977) have shown that under laboratory conditions the virus may be
inactivated by a 3% solution of an iodophor disinfectant, 2.5% lysol,
1% phenol, 2% glutaraldehyde, 2% formalin, 1% hypochlorite or 0.1%

peracetic acid solutiona.

Iomunologiocal relationshivs of orf virus
1) Relationship between strains: The balance of published evidence

firmly indicates that all strains of orf, if not immunologically identical,
are certainly very closely related. Glover (1928), using crosa-protection
tests in lambs, found three English strains to be immunologically indis-
tinguisable from each other. Seddon and McGrath (1933). using a similar
type of test, found a number of strains isolated in New South Wales to be
very closely related and also showed that one of these strains and one of
Glover's strains conferred a solid cross—immunity against each other.
Kraneveld and Djaencedin (1933) demonstrated complete imrunological
uniformity between two strains from widely separated areas of the Dutch
East Indies.

Glover (1933) extended his earlier observations by examining a
further 15 strains from different areas of Britain, two straine from
France and one each from California, Tanganyike and Cyprus. All strains
were sheep derived except those from Tanganyika and Cyprus which were
goat isolates. Cross-protection tests in lambse gshowed that all the
sheep strains fell into a single immunologicel group although marked
differences in potency of viruses from different sources was noted.

The results with the goat strains were not conclusive, principally
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because the reactions of sheep to these strains were alwaye mild but

also because some doubt existed as to whether the Cyprus strain repre-

sented an orf isolate or a goat-pox isolate. Horgan and Haseeb (1947)

investigated this observation further by carrying out additional cross-

protection studies with English and Cyprus strains of virus inoluding an

orf isolate from a Cyprus goat. Although differences in potencies of

the strains were again observed, the overall conclusion was that all

strains were immunologically identical or closely related. Olah and

Elek (1953) also considered all strains to be immunologically homogeneous.

Mundu and Mohan (1961) came to the same conclusion with respect to two

Indian strains and Sabban, El Dahaby and Hussein (1961) found an American

and an Egyptian strain to be antigenically identical.

Hardy (1964) however considered that strain differences did exist ‘

and identified six variants or different immunological types on the basis

of cross-immunity tests in sheep. Sawhney (1966c) also demonstrated the

existence of two distinct immunogenic groups of virus based on the results

of croas-protection tests in sheep with six strains of virus from England,

Although the methodology of

Bulgaria, Iran, Rumania and Czechoslovakia.

this study indicates that adeguate control animals were used, the results
obtained with the controls are not presented so that a critical assessment

Sawhney (1966¢c) also claimed that

of the conclusions is not possible.

his cross-protection study findings were supported by the results of

serum neutralization tests in tissue culture but agar-gel diffusion tests
A later

failed to reveal any antigenic differences between the strains.

study using the gel-diffusion technique with 12 sheep and 3 gouat strains

of orf isolated in India failed to reveal any antigenic differences

between any of these strains (Sawhney, Dubey and Malik, 1973). An in-

Yitro serum neutralisation test has also been used by Precausta and

Stellman (1973) in a study of four French and one Iranian strain of virus.




All five atraina were found to be cloaely related, four of them

certainly falling wthin a single /roup and the fifth beins only margi-
nally different.

2) Relationshiv with other poxviruses: Early workers were pri-

marily interested in the possible immunological relationship between orf
and sheep pox viruses but Blanc, Melanidi and Caminopetros (1922),
Hudson (1931), Kraneveldand Djaencedin (1933) and Sabban, E1 Dahaby and
Hussein (1961) all demonstrated by means of cross-immunity tests in
sheep that the two viruses were immunologically distinct. Subba Rao
and Malik (1979) also failed to demonstrate any relationship using
crosas-neutralization tests in cell cultures. A serological relationship
between the two viruses has however been shown to exist by Schmidt
(1967f) using a complement-fixation test.

Manley (1934) also used cross-immunity tests to demonstrate that
goat pox virus and orf were unrelated and this was supported by the
additional finding that serum from a pox-immune goat failed to reduce
the potency of oxrf virus. Other workers however have not found such a
clear cut difference between these two viruses. Bennett, Horgan and
Haseeb (1944) carried out fairly extensive cross-protection tests in
goats which showed quite clearly that goat pox immunized againat orf
infection but that orf infection failed to afford even partial protection
against goat pox. Sharma and Bhatia (1958) were able to repeat this
finding in goats and also showed that goat pox immune serum neutralized
orf virus whereas anti-orf serum failed to neutralize goat pox virus.
Mundu and Mohan (1961) on the other hand obtained results rather similar
to those of Manley (1934) except that they concluded nevertheless that a
goat pox vaccine may afford some protection against orf infection.
Evidence of a serological relationship between the two viruses has been
strengthened by the observation of Sawhney, Dubey and Malik (1973) that

a single line of precipitation developed in the agar-gel diffusion test
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when orf virus was reacted against goat pox hyperimmune serum. More

recent in vitro serum neutralization and in vivo cross-immunity studies

by Renshaw and Dodd (1978) indicated quite strongly that goat pox and

orf are antigenically dissimilar viruses but Subba Rao and Malik (1979)

on the other hand, also using cross-neutralization tests in a cell culture

system, found that goat pox hyperimmune serum neutralized orf virus.

As has been observed by all other workers however, orf antiserum did not

neutralize goat pox virus.

The relationship between orf and vaccinia viruses has been investi-

gated by many workers. Blanc, Melanidi and Caminopetros (1922) and

Jacotot (1926) found that vaccination with vaccinia did not afford the

sheep or goat any protection against orf virus infection and this was

confirmed in a more extensive cross-protection study in sheep by Horgan

and Haseeb (1948). Webster (1958) could show no significant cross-

neutralization between orf and vaccinia hyperimmune sera and Nagington

and Whittle (1961) likewise were unable to demonstrate cross-neutralizing

activity with human and sheep convalescent sera.

Macdonald (1951) was unable to demonstrate any immunological rela-

tionship between orf and vaccinia in a cross-complement-fixation test and

Abdussalam (1958) found that vaccinia convalescent human serum showed

only very weak complement-fixing activity in the presenc: of orf virus.

Both Webster (1958) and Schmidt (1967f) however found that orf and

vaccinia viruses possessed a common complement-fixing antigen.

Blakemore, Abdussalam and Goldsmith (1948) and Abdussalam (1958) found

that orf antisera did not inhibit haemagglutination of chicken red blood

cells by vaccinia virus and Abdussalam (1958) was also unable to demon-

strate specific agglutination of orf virus by vaccinia antiserum. The

s ) ¢

interrelationship of orf and vaccinia viruses has also been studied by

agar-gel diffusion techniques. Webster (19568) demonstrated the exis-




tence of a common, soluble precipitating antigen in the two viruses and

this wes later confirmed by Schmidt (1967f) but Huck (1966) and

Papadopoulos et. al. (1968) were unable to demonstrate any such relation—

ahip between the two agents.

Webster (1958) found that ectromelia virus was related to orf to an

extent similar to that of vaccinia but fowl pox virus showed no evidence

of any immunological relationship as judged by the resulis of complement—

fixation and agar-gel diffusion tests.

Although the condition known as ulcerative dermatosis presents

many clinical features similar to orf, Tunricliff (1949), Trueblood, Chow

and Griner (1963) and Hardy (1964) have all shown on the basis of cross-

protection tests that the causative agents of the two diseases are immuno-

logically separate entities.

As orf, bovine papular stomatitis and milker's nodule viruses are now

classified together as members of the parapoxvirus group on the basis of

virus morphology and structure it may be expected that these agents also

exhibit an immunological relationship closer to each other than to the

Huck (1966) found that in the

other members of the poxvirus family.

agar-gel diffusion test a line of identity developed between homologous

and heterologous combinations of orf and milker's nodule viruses and

their antisera, but no precipitation was observed with vaccinia antiserum.

Papadopoulos et. al. (1968) also obtained a line of precipitation with

combinations of orf and milker's nodule viruses and their antisera which

were absent when both cowpox and vaccinia viruses were reacted against

milker's nodule antiserum. Liebermann (1966) used the direct fluorescent-

antibody technique with labelled antisera prepared against orf and bovine

papular stomatitis viruses to demonstrate a close immunologioal relation-

ship between orf, bovine papular stomatitis and milker's nodule viruses.

No specific fluorescent ocourred when the orf or bovine papular stomatitis



labelled antisera were reacted against vaccinia infected tissue

cultures.

Virus propoag tion

1) In vivo provagation: Orf is generally considered as a disease

of sheep and goats and the susceptibility of these species to the virus

Other animals are certainly less susceptible and most

is unquestioned.

species appear entirely refractory.

Aynaud (1925) reported the successful transmisaion of infection to

a calf and Jacotot (1926) obtained characteristic lesions in one of 34

cattle tested. Bennett, Horgan and Haseeb (1944) found no difficulty

in infecting calves and Ishii, Kawakami and Fukuhara (1953) also reported

Howarth (1929) and Boughton and Hardy

cattle as a susceptible species.

(1934) however, were both unsuccessful in infecting cattle although both

More recently,

workers only attempted transmission in a single animal.

Huck (1966) reported the development of lesions on the mugzzle and buccal

mucosa of calves following the subcutaneous inoculation of orf virus at

these sites.

Horses were found to be resistant to experimental infection by

Jacotot (1926) and Ishii, Kawakami and Fukuhara (1953). The same “

workers also found pigs and dogs to be resistant, an observation

supported by Howarth(1929) and Olah and Elek (1953) and also by Boughton

and Hardy (1934) in respect of the dog.
It is possible that the monkey, like man, may be susceptible to

infection as both Jacotot (1926) and Bennett, Horgan and Haseeb (1944)

were each able to transmit infection to two animals of this species.

The fowl and pigeon have both proved to be resistant (Jacotot, 19263

Olah and Elek, 1953).

Glover, 19283




A considerable number of workers have investigated the susceptibility
of laboratory animal species to orf virus, partly to characterize this
member of the poxvirus family but more importantly to obtain a laboratory
animal model for immunological and pathological studies. Without

exception, attempts at transmission to the guinea-pig have proved

unsuccessful (Ayna.ud, 19233 Jacotot, 1926; Glover, 1928; Howarth, 1929;

Newsom and Cross, 1934a; Boughton and Hardy, 1934; Selbie, 1944;
Ishii, Kawakami and Fukuhara, 1953; Olah and Elek, 1953; Greig, 1956;
Abdussalam, 1957). Although not as intensively studied as the guinea-
pig, the mouse would appear to be equally resistant to infection
(Glovor, 1928; Selbie, 19443 Greig, 1956; Abdussalam, 1957) as are
rats (Jacotot, 1926; Selbie, 1944).

The rabbit is the only laboratory animal in which succeassful
transmission of the virus has been reported but this has not been a
conaistent finding among all workers concerned. Aynaud (1923) simply
stated that the rabbit was not susceptible to orf. Glover (1928),
Howarth (1929), Newsom and Cross (1934a) and Boughton and Hardy (1934)
also found that inoculation of the virus by various routes gave negzative
resul ts. Selbie (1944) observed the development of erythematous, scaly
patches on the inoculated area of three rabbits 20 days after infection
but he was unable to transmit this rabbit material back to lambs (Selbie,
1945). Olah and Elek (1953), Greig (1956) and Plowright, Witcomb and
Ferris (1959) also observed the appearance of erythematous areas around
the inoculation site one to four days later but vesico-pustules never
developed. In contrast to the above findings Blanc and Martin (1933)
observed the development of severe pustular lesions and Bennett, Horgan
and Haseeb (1944) experienced no difficulty in effecting transmission to
rabbits although Glover (1944) was unsuccessful in his attempts to
infect rabbits with the same strain of virus. Ishii, Kawakami and




Fukuhara (1953) have reported succesaful transmission by lip inoculation.

Abdussalam (1957), using the same virus strain which had previously been

successfully transmitted by Bennett, Horgan and Haseeb (1944) and
unsuccessfully by Glover (1944), found no difficulty in infecting rabbits
by scarification or intradermal inoculation. Lesions comprised areas of
erythema and papulation on the third day after inoculation. Infection
was serially passaged up to the 22nd rabbit passage and material from the
5th, 9th and 18th passage was infective for lambs. More recently,
Maglione and Venturoli (1976) found that the virus could not be reisolated
from rabbits following intradermal inoculation.

2) In vitro pro tion:

a) Propagation in embrvonated eggs: Meny workers have attempted to
propagate the causative agent of orf on the choriocallantoic membrane of
embryonated hens' eggs but with only a variable degree of sucocess.
Beveridge and Burnet (1946) found no indication that multiplication
the virus occurred and Hart, Hayston and Keast (1949) reported that
filtered scab suspension, shown to be infective for sheep, produced
significant lesions three days after inoculation of two, 12-day old
developing eggs. Three blind serial passages of membrane material also
failed to produce lesions. Lyell and Miles (1950) however found that
vesicle fluid from a human case of orf resulted in the formation of a
number of very small pock-~like lesions on the chorioallantoic membrane
of 10-day 0ld eggs incubated for three days and that this material was
infective for lambs. Further passage in embryonated eggs resulted in
fewer lesions developing at each passage until no lesions were observed at
the fourth passage. Abdussalam (1951) reported essentially the same
findings with an elementary body suspension of the virus. Minute lesions
were observed after two days of incubation and the material was success-

fully passaged for three further gensrations before infeotivity for both




membranes and lambs was lost. Macdonald (1951) attempted to propagate

both sheep and human strains in 10-15-day old eggs incubated for three

days at temperatures ranging from }5—3900 and although minute lesions

were sometimes seen on first passage material, histological examination

showed only minor ectodermal proliferation and mesodermal infiltration

and no evidence to indicate that the lesions were the result of specific

virus invasion. Other unsuccessful attempts to propagate orf virus in

eggs have also been reported by Ishii, Kawakami and Fukuhara (1953),

Greig (1956), Valadao (1961), Liess (1962), and Precausta and Stellman

(1973). On the other hand, Webster (1958) was able to repeat the

observations of Lyell and Miles (1950) and Abdussalam (1951) by serially

passaging a strain of virus for four generations before infectivity was

lost. He was also able to detect intracytoplasmic inclusion bodies in

Nagington and Whittle (1961)

ectoderm cells at the first passage level.

obsexrved that a tissue-culture adapted strain of virus gave rise to

discrete pocks on the chorioallantoic membrane of 12-day old embryos but
Sawhney (1966)

no attempt was made to serially passage this material.

also succeeded in infecting membranes with two strains of virus. He

found 12-day o0ld embryos more susceptible to infection than 9, 10, 11 or

13-day~0ld embryos and also noted that only about 70% of embryos could de

infected. Like earlier investigators he observed discrete, pin-point

lesions and was able to demonstrate intracytoplasmic inclusion bodies.

Serial passage resulted in the disappearance of lesions by the fourth

generation but further blind passaging led to their reappearance after
the sixth generation and infection was then serially transmitted through

to the fifteenth generation. However, material from the tenth passage

414 not produce a specific lesion on the scarified skin of a young lamb.

Savhney and Spasova (1973) have also demonstrated the presence of ele-

mentary bodies in the chorioallantoic membrane of infected eggs using

eleotron mioroscopy.



b) Provaga‘ion in tissue cell cultures: The possibility of using

tissue cell cultures as a means of propagating orf virus was first inves-

tigated by Greig (1957). He succeeded in isolating and serially propa-

gating three Canadian strains of the virus in monolayer cultures of

embryonic sheep skin, Webster (1958) was also able to grow the virus in

suspended embryonic sheep skin fragments but found that the strain, used

for vaccinating sheep in New Zealand, was non~cytopathogenic for monolayer

cultures. Plowright, Witcomb and Ferris (1959) were able to propagate an

English strain of the virus in monolayer kidney cultures derived from

embryonic sheep, calves and kid-goats and also in sheep and calf testis

cultures. Macdonald and Bell (1961) confirmed the ability of sheep

embryo kidney cultures to support growth of the virus and extended the

range of susceptible culture substrates by obtaining good growth in mono-

layer cultures of human amnion, human embryonic kidney and human embryonic

They suggested that human amnion cells might be the most

liver cells.

suitable substrate for isolating the virus from human lesions.

Nagington and Whittle (1961) also showed that human amnion cells were

suitable for isolating the virus from human cases and that the ovine

strain used by Plowright, Witcomb and Ferris (1959) could be grown in

this substrats. One of the human strains isolated in human amnion

cultures also grew in secondary monkey kidney cell cultures but attempts

at propagation in HelLa, MK2 and Am9 (human amnion) continuous cell lines

were unsuccessful. Ramyar (1963) however reported the successful isola-

tion and passage of an Iranian ovine strain of orf virus on a monkey

kidney cell line and Scott (personal communication) recently adapted a

Scottish strain, isolated in lamb kidney culture, to growth in Vero cell

line cultures. Nagington (1968) finally succeeded in adapting & human

isolate to growth in HeLa cells and Sawhney and Toschkov (1971) also

reported the suoccessful adaptation of a Bulgarian strain, isolated in
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lamb testis, to growth in this substrate. The variety of nubsitraten

suitable for orf virus propagation has now been extended further than for

most other viruses with the succesaful usc of newborn rabbit kidney celln

by Kujumgiev and Todorov (1961), a rabbit cell line by Johnston (1964),

pig kidney cells by Sawhney (1966) and chick embryo fibroblast cultures

by Trueblood (1966) and Rossi (1973), the latter worker also finding duck

embryo fibroblasts at least as sensitive to orf virus as chick embryo cells.

Goat testis cells have been used successfully by Renshaw and Dodd (1978).

Nevertheless, the majority of workers propagating orf virus in vitro

have utilized cell cultures of ovine or bovine origin for this purpose.

Zueva et al. (1968) used a sheep kidney cell line to study the growth

characteristics of two strains of virus and Precausta and Stellman (1973)

used primary lamb kidney cultures for a comparative in vitro mtudy of

five strains of the virus. Faizulina et. al. (1972), Khanduev et. al.

(1973) and Vdovina et. al. (1973) used both sheep kidney and sheep skin

cultures to study plaque development, tissue neutralizing antibodies in

infected animals and growth of virus in cultures of tissues from immune

animals respectively. A sheep fetal muscle cell culture system has been

used by Poulain, Gourreau and Dautigny (1972) to assay serum neutralizing

antibodies.

Bovine cell ocultures have been used almost as extensively as ovine

cul tures. Liess (1962) isolated and passaged virus from both human and

ovine orf infections in calf testis monolayers and the histopathological

changes ococurring in calf testis cultures following infection with orf

virus were desoribed by Schimmelpfennig and Liess (1962). Huck (1966)

and Papadopoulos et. al. (1968) both used calf testis as the cell substrate

for the preparation of orf virus antigen for gel diffusion preoipitin

teets. Trueblood and Chow (1963) utilized embryonic bovine kidney to

propagate the sgents of orf and ulcerative dermatosis of sheep and Schulze




and Schmidt (1964a) studied the effect of orf virus on calf kidney celle.

Schmidt (1967b) also made observations on the growth in similar cell

cultures of the orf strain used in earlier studies by Plowright, Witcomb

and Ferris (1959).

Sawhney (1966d) used kidney and testis cultures from both sheep and

calves in a comparative study of orf virus strains from six different

countries and found the testis cultures to be more sensitive to infection

than the kidney cultures. Nagington (1968) compered calf testis with

sheep testis cultures in respect of the suitability of these substrates

for primary isolation of orf virus from clinical material and concluded

that sheep testis was superior for this purpose but that this was not the

case with strains already adapted to tissue culture growth.
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Virus strains

Orf viruses

1) Strain EB/64/CT (referred to as EB) — obtained from Dr G R Scott,

Centre for Tropical Veterinary Medicine, Edinburgh, at the 11th

passage level in primary lemb testis culture. It was further propa-

gated in secondary calf testis culture and used between the 3rd and

5th passage level in this substrate.

2) Strain ET 411 (referred to as ET) - a long established laboratory

strain maintained at the Central Veterinary Laboratory, Weybridge.

It was used between the 18th and 20th passage level in secondary calf

testis culture.
3) Strain CVL/77 (referred to as CVL) - isolated from scab material

from one of the naturally affected sheep used in this study and used

between the 10th and 12th passage level in secondary calf testis

cul ture.

Milker's nodule virus

Strain FS 198 (Huck, 1966) - obtained as freeze-dried material and

propagated in secondary calf testis culture.

Bovine papulgr stomatitis virus

Strain 67333 - obtained as a calf kidney oculture isolate from clinical

material submitted to the Central Veterinary Laboratory, Weybridge

and adapted to growth in secondary calf testis culture.

Other XV, ]

A vaccinia and a cowpox virus strain obtained from Dr C J Rondle,

London School of Hygiene and Tropical Medicine, as suspensions of

lesions from experimentally infected rabbits.

Fowl pox virus - a vacoine strain propagated on the ochorioallantoic

membrane of embryonated hens' eggs.

Shope fibroma virus - isolated in Vero cell culture from a commer—

cially available myxomatosis vaccine.
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Vaccines

Two commercially available live virie vaccines, licensed for use

in the United Kingdom, were used. These were designated as vaccines A

and B respectively.

Antisera

1) Orf antisera were obtained from naturally infected, experimen-

tally infected and vacecinated sheep.

?) Milker's nodule antiserum was obtained from a calf experimen-

tally infected 42 days previously with strain FZ198 of milker's

nodule virus.

3) Bovine papular stomatitis antiserum was obtained from a calf

experimentally infected 53 days previously with strein 31099 of

bovine papular stomatitis virus.

4) Vaccinia, cowpox and Shope fibroma virus antisera were raised in

rabbits and fowl pox antiserum was obtained from a vaccinated chicken.

Animals

A group of 44 commercially bred Suffolk and Suffolk-cross sheep

comprising 43 female and one castrated male animal was used to study

immunological aspects of naturally occurring orf. The animals were four

months old at the time of purchase and had been obtained from premises in

South Wales on which orf was not recognised as having ooccurred previously

and where orf wvaccination was not practised. They were housed for

quarantine purposes in four adjacent loose-boxes, 11 animals per box,

where they were retained for the following five months when they were

released to pasture as a single flook.

Six Suffolk x Hampshire lambs were obtained the following year from

ewves in the above group and used to study aspects of orf immunity in the

unweaned animal,

young,



Dorset Horn castrated male sheep, six to nine months old, were used

as control animals for experimental orf infections snd for vaceination

studies. These animals were laboratory bred and were inown to be

unvaccinated and to have remained free from any orf infection prior to

use.

Animal infection

Experimental infection of sheep with orf virus was carried out hy

scarifying and inoculating the mouth or inuer aspect of the thigh. orf

vaccination and experimental infection with milker's nodule or bovine

rapular stomatitis virus was carried out on the thigh site only. A

hypodermic needle was used to scarify the inoculation sites.

When the mouth was used thres or four scratches, sufficient to cause

minor bleeding, were made on the upper lips extending forwards for

When the inner thish wns used

approximately 3 cms from the commissures.

each inoculation site comprised two single scratches in the form of an 7/

Bach arm of the X was 3-4 cma long and

on the hairless area of skin.

made deep enough to cause minor capillary bleeding. Test material was

applied to the scarified areas using a pair of wooden aural probes held

together closely and which had been dipped into the virus preparation to

a depth of about 2.5cms.

Results were recorded at seven day intervals following infection.

Assesgment of sus t ity of sh to infegtion

Susceptibility to mouth infection was asseaserd

1) Mouth infection:

subjectively. The absence of any specific lesion nne week after infection

wns considered to indicate a solid immunity of the mouth region whereas

the presence of specific orf scabs which extended beyond the inoculation

site, and which were still evident two to three weeks after infection,

Losions of intermediate severity

indicated complete susceptibility.

indicated a partial immunity.
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2) Thigh infection: Susceptibility to thigh infection was assessed

following the application of undiluted, 1/10 and 1/100 dilutions of virus

preparation or vaccine to scarified sites on one or both thighs. A 0%

v/v glycerin-saline solution was used to prepare dilutions.

A positive reaction was only recorded when specific vesicles or

pustules could be identified at the site of inoculation. Inoculation

sites which were characterised by varying degrees of inflammation without

vesicle or pustule formation were interpreted as negative reactions. In

order to compare the susceptibility of different animals, a scoring

system was applied to the thigh lesions. A numerical value of 1 was

assigned to positive reactions occurring with undiluted material and

values of 2 and 4 assigned to positive reactions with 1/10 and 1/100

dilutions respectively. If multiple focal lesions or a confluent chain

the value for that site wvas

of lesions developed at the inoculation site,

doubled. Thus, for example, an animal which developed confluent lesions

with the undiluted material and isolated lesions with the 1/10 dilution

but no lesions with the 1/100 dilution would score (1x2) + 2 + O = 4.

An animal with confluent lesions at the undiluted and 1/10 dilution

inoculation site and isolated lesions at the 1/100 site would score

(1x2) + (2x2) + 4 = 10,
Figure 1 shows examples of lesions obtained with undiluted material

only, giving scores of 1 and 2.
Figure 2 shows isolated lesions obtained with undiluted and 1/10

diluted material (score 3), multiple focal lesions with undiluted and

isolated lesions with 1/10 diluted material (score 4) and confluent

lesions with both undiluted and 1/10 diluted material (score 6) but no

lesions with 1/100 dilutions in any instance.

Fipure 3 illustrates the variety of combinations obtained when

lesions occurred with all three dilutions of test material, the scores

rnanging from 7 = 14.



a) Score:1

isolated lesions

Score : 2

- confluent lesions

Figure 1. Orf lesions on scarified thigh : positive reactions
with undiluted material only.
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a) Score : 1

- isolated lesions

b) Score:2

' confluent lesions

Figure 1. Orf lesions on scarified thigh : positive reactions
with undiluted material only.
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a) Score : 1

isolated lesions

b} Score : 2

confluent lesions

Figure 1. Orf lesions on scarified thigh : positive reactions
with undiluted material only.
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a) Score : 3 Score : 4
' - isolated lesions - multiple lesions

o - isolated lesions e - isolated lesions

Score : 6
. confluent lesions

- confluent lesions

Figure 2. Orf lesions on scarified thigh : positive reactions
with undiluted and "sodiluted material.
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a) Score : 3 b) Score:4
' - isolated lesions ' - multiple lesions

- isolated lesions ‘o - isolated lesions

c) Score : 6

' . confluent tesions ‘

contiuent lesions

Figure 2. Orf lesions on scarified thigh : positive reactions
with undiluted and “odiluted material.
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a) Score : 3 b) Score : 4
' isolated lesions 1 - multiple lesions

isolated lesions o - isolated lesions

c) Score : 6

1 confluent lesions

o  contluent lesions

Figure 2. Orf lesions on scarified thigh : positive reactions
with undiluted and "odiluted material.
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a) Score : 7 Score : 8

D N . .
isolated lesions - confluent lesions

"o - isolated lesions - isolated lesions

- isolated lesions - isolated lesions

Score : 10 d) Score : 14

- confluent lesions 1 - confluent lesions
- confluent lesions wo - confluent lesions

- isolated lesions ‘e - confluent lesions

Figure 3. Orf lesions on scarified thigh : positive reactions
with undiluted, 1o and '4eo diluted material.
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a) Score : 7 b} Score : 8

! - isolated lesions 1 - confluent lesions
"o - isolated lesions o - isolated lesions
oo - isolated lesions : i i

hoo - isOlated lesions

c) Score: 10 d) Score : 14 i
' - confluent lesions ' - confluent lesions (
e - confluent lesions .

o -confluent lesions

confluent lesions

isolated lesions a0

Orf lesions on scarified thigh : positive reactions

Figure 3.
with undiluted, "o and "oc diluted material.
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a) Score : 7 b) Score : 8

2

isolated lesions 1 confluent lesions
isolated lesions .o - isolated lesions

0 isolated lesions Lheo - isOlated lesions

Score : 14

c) Score : 10 d)

1 confluent lesions 1 - confluent lesions

confluent lesions e confluent lesions

oo - isolated lesions “weo - confluent lesions

Figure 3. Orf lesions on scarified thigh : positive reactions
with undiluted, o and "oo diluted material.
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Electron microscopy

Suspensions of scab material mounted on carbon coated formvar rrics
and negatively stained with 2% phosphotungstioc acid at pH 6.6 were
exanined for virus particles in a Philips EM300 microscope (Harkness,

Scott and Hebert, 1977).

Tissue culture

Secondary calf testie monolayers were used throughout for the
isolation of orf virus from scah material, orf virus assays and serum
neutralization tests, and the propagation of orf, milker's nodule and
bovine papular stomatitis viruses for use in agar-gel precipitin tests.

Testes were obtained from calves less than one week of age sent for
slaughter at loocal abattoirs. Primary cell cultures were prepared
according to the method of Perris and Plowright (1958) except that cell
suspensions were adjusted to contain approximately 1.8 million cells/cm’
and the growth medium <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>