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SUMMARY

The work began with an abattoir survey whose aim was to identify

the major causes of loss due to arthritis.

The osteo-arthritic condition found most often was a bilateral

cubital osteo-arthritis seen in older sheep. Some of these jqints

were examined in more detail and a hypothesis put forward to explain

the development of the lesions.

Erysipelothrix rhusiopathiae was the most common bacterial

infection, and the remainder of the work concerns this organism and

its disease in sheep. The first review of' the literature deals with

the natural history of the organism, particularly in relation to its

infection in sheep. The remainder of Section I deals with ovine

serotypes of E.rhusiopathiae, interpretation of antibody titres and

evidence that subclinical infection with E.rhusiopathiae can occur.

Finally, attention is drawn to the susceptibility of the bacteria to

diluents containing insufficient organic matter.

Section IT describes the experimental work carried out which

investigated the use of E.rhusiopathiae vaccine and antiserum in

sheep. The literature pertaining to the use of inactivated

i vaccines is reviewed.

An experiment was carried out which failed to demonstrate that



that lambs could be protected against polyarthritis by the

prophylactic use of antiserum or maternal vaccination. ' In subsequent

experiments some of the possible reasons for this apparent failure

were studied. It was found that the criteria which had been adopted

as indicators of immunity, that is, rise in antibody titre and

resistance to intravenous challenge, were unsuitable, but that active

and passive immunity against E.rhusiopathiae could be shown when

animals were challenged by intradermal injection of live organisms.

Finally, the findings of the whole work are discussed with

particular reference to the epidemiology of E.rhusiopathiae infection

in sheep, and various hypotheses are put forward which explain the

observed phenomenon.
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INTRODUCTION - ARTHRITIS IN SHEEP OF SLAUGHTER AGE

Introduction

Arthritis is a condition which has tormented man and animal for

thousands of years. In man and certain domestic animals such as the

horse, arthritis in its various forms has been the subject of intense

interest and research for decades. While several forms of ovine
»*

arthritis are known to exist, notably the infectious arthritides, it

is not clear how important these are as a cause of loss to the sheep

rearing industry. This lack of precise information is, of course,

common to all diseases which are not notifiable.

This study was prompted by the observation that such official

records as were available appeared to indicate that the category

"arthritis" contained a considerable proportion of all the sheep

carcases seized partly or wholly during the meat inspection process

(See Table l) .

From the table it can be calculated that the overall condemnation

rate for carcases (partial or total) has been between 0.U3 and 0.71$

and that in the years given in the table the arthritis category has

contained about l/5th of all the condemnations with a rate of about

0.12$ of all sheep slaughtered.

If the information given in Table 1 concerning the rate of

detention for "arthritis" can be taken as representative of the whole
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population, of which it is a large sample, then every year about 12

or 13,000 sheep and lambs are detained for "arthritis" in U.K. abattoirs.

While these figures cannot form the basis for a scientific

discussion, based as they are on the undefined condition "arthritis",

they do perhaps illustrate the point that "arthritis" in sheep is not

an uncommon condition in the abattoir.

ABATTOIR SURVEY

Introduction

Little has been written on the subject of arthritis of sheep of

slaughter age but it is known that a number of arthritic conditions

have been associated with infections. Table 2 lists organisms

described in association with ovine arthritis.

TABLE 2

Organisms reported in association with ovine polyarthritis

Organism

Erysipelothrix rhusiopathiae* Poels , (1913)

Cornell & Glover, (1925)

Blakeijiore, Elliott & Hart-Mercer,(19^1)

Marsh, (19^7)

Reference

Streptococci

Staphylococci

Corynebacterium ovis

Haemophilus agni Kennedy, Frazier, Theilen & Biberstein
(1958)

Pasteurella multocida

ActinobaciHus seminis

Sphaerophorus necrophorus

Chlamydia Mendlowski, Segre & Mendlowski (i960)
Mendlowski, Kraybill & Segre (i960)

Watt, Bamford & Nairn (1970)

Martynchenko (1973)

Karaivanov & Zhokovski (1973)
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* Lessel (1970) International Journal of Systemic Bacteriology 20,

9. Judicial Commission of the International Committee on

Nomenclature of Bacteria. Minute of meeting September 1968

Leicester UK Opinion 32. Conservation of the specific

Epithet rhusiopathiae in the scientific name of the organism

known as Erysipelothrix rhusiopathiae (Migula (1900) and

Buchanan (1918)).

In addition Corynebacterium pyogenes and Escherichia coli are

commonly found in association with ovine polyarthritis (Blood and

Henderson (1968)).

As well as these infectious causes of arthritis there are to be

expected a certain proportion of non-specific causes such as congenital

abnormalities, soft tissue injuries and fractures which may all give

rise to or predispose to the development of arthropathies.

It was in order to ascertain of which disease entities the

category "arthritis" in abattoir sheep was composed that this preliminary

study was undertaken. (The aim of this survey was to examine the

category of abattoir detentions classed as "arthritis" with a view to

determining the disease entities which comprise this category).

Since the intention was to examine abattoir losses due to "arthritis"

it was decided that material detained during the meat inspection

process was most suitable for examination.

Because the survey was to be conducted for only one year at one

abattoir it was intended that the results should provide a guide to



the relative importance of various conditions and not an exhaustive

s tudy.

Materials and methods

Collection and recording:

An abattoir survey was carried out from October 1973 to September

197^ at the Edinburgh abattoir. A large sample of articulations

seized by the Veterinary Meat Inspector as unfit for human consumption

because of "arthritis" (Statutory Instruments 1961 No. 2^3 (S.15) Food

and Drugs. Food Hygiene - Scotland, The Food (Meat Inspection)

(Scotland) Regulations, 1961 Second Schedule) was recorded. The age,

sex and breed of each carcase wholly or partially detained for arthritis

were recorded. The age and breed of the carcase was determined, by

examination of the head. It was the normal practice for the head to

be left on the carcase until after inspection but on occasion this

convention was not followed. In the case of joints removed to the

detention block before recording, the specimens were identified as far

as possible from the meat inspectors' notes.

The majority of articulations recorded were collected and removed

to the laboratory for examination. All material collected had been
v

severed from carcases which had been allowed to set by hanging for

20 +_ ^ h at ambient temperature. In the laboratory all material

was stored at ^°C until examination - usually undertaken on the day

of collection.

Bacteriological method

A proportion of the collected joints were subjected to
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bacteriological culture.

Examination of the collected joints was carried out in the follow¬

ing manner :-

Excess muscle, fascia and adipose tissue were trimmed off with a

scalpel until the external aspect of the joint capsule was exposed.

A red hot spatula was then used to sear an area approximately 3 cms

around the proposed site for piercing. A sample of synovial fluid

was then withdrawn aseptically with a sterile 5 mis disposable syringe

(Plastopak - Becton & Dickinson Ltd.) -using a disposable lH gauge

short bevel hypodermic needle (Yale-Becton-Dickinson). Approximate¬

ly 0.05 mis of the synovial fluid sample was then inoculated on to

half a blood agar plate (No.2 Blood Agar base (Oxoid) with T% added

oxalate! or defibrinated horse blood (Wellcome).

Next the whole of the joint was exposed and as much synovial

fluid as possible aspirated with the syringe. The colour, character

and approximate volume of the fluid was then recorded. Synovial

fluid samples were stored in 2 mis plastic vials at -20°C. The

macroscopic features of lesions in and around the joint were noted

briefly.

Seeded blood agar plates were placed in a container in an

atmosphere of air with 5% carbon dioxide added and incubated over¬

night at 3T°C. Plates were examined daily for 14 days. Plates

which became grossly overgrown with contaminants were discarded before

this full period had elapsed.



Single colonies representative of any growth were selected and

inoculated on fresh blood agar plates. Subsequently any further

subculture from this culture was made by sweeping widely across the

plate in order to avoid the selection of atypical colonies.

Identification of any organisms cultured was carried out by

following the scheme of Cowan & Steel (1965).

Isolates of E. rhusiopathiae were stored on blood agar at L°C

until being freeze dried. Where necessary they were subcultured

every two months. (it has been shown by Shuman, Wood & Nord (1965)

that storage on solid media does not affect the serotype.)

Serological methods:

(l) Counter immuno-electrophoresis

Clean microscope slides were immersed in absolute alcohol and

flamed. The slides were then placed on a rack (LKB). About

1 mis of molten 1% agar (Special Agar Noble Difco) in veronal

buffer (pH 8.6, 0.05M) was applied around the edges of the slides to

seal them to the rack. A further 9 mis of 1% agar was then

pipetted on to each group of three slides.. Tne whole procedure

was carried out on an LKB levelling table. The gel was allowed

to cool and set for 30 minutes.

Using an LKB gel punch each slide was cut with the pattern

shown in Figure 1 giving six pairs of wells per slide. The cut

pieces were removed by suction with a Pasteur pipette connected to

a water vacuum jet.



Fjxmrel. Counter Immunoelectrophoresis.

S = Serum or synovial fluid.
A = Antigen.

Figure 2. Agar gel immunodiffusion.
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Using a Jencon 0-50 ul pipette 0.8 ul of antigen was placed

in the cathode wells of each pair while a similar quantity of the

test materials (serum or synovial fluid) was placed in the anode

wells of the pair. Electrophoresis was carried out using LO

equipment with paper wicks and veronal buffer of pH 8.6 and molarity

of 0.05M in the reservoirs. A potential difference of 10 volts

per centimetre was applied for 60 minutes.

After electrophoresis the wet slides were examined with the

naked eye for precipitin lines. In doubtful cases examination of

the slides, with side lighting against a black background in a dark¬

ened room was useful.

Occasionally a hazy precipitate was noticed, in these cases an

overnight soaking in phosphate buffered saline resolved the matter.

Precipitates which were still present after the overnight soaking

were considered positive.

When it was desired to preserve a slide the slides were soaked

for 2b hours in phosphate buffered saline (2 changes) and 2b hours in

glass distilled water (2 changes). The slides were then covered

with filter paper strips and allowed to dry at room temperature.

Once they were dry, slides were stained by immersion in 6% Amido

Black and washed four times by immersion in absolute alcohol for 10

minutes each time. The slides were then allowed to dry before

labelling and storing.

(2) Agar gel double diffusion



Hie slides were prepared in the same way for counter Immuno¬

electrophoresis using the same agar preparation. The pattern of

wells cut in the gel is shown in Figure 2. The antigen was placed

in the centre well with the test samples in the peripheral wells.

The volumes of reagents used were as for the CIE technique.

Slide racks were placed in humid chambers and incubated at 37°C

for 3 days and examined daily. Preservation of the slides was

carried out, again, in the same manner as described for CIE slides.

Preparation of the antigen for the counter immuno electrophoresis

and agar gel double diffusion techniques:

A litre flask containing 500 mis of No. 2 nutrient broth (Oxoid)

with 25 mis added sterile horse serum was inoculated with a few milli-

litres of nutrient broth in which was suspended a loopful of growth

from a blood agar plate culture of E. rhusiopathiae (strain 2a/B,

National Collection Colindale, or other strains where appropriate).

The serum broth was incubated at 3T°C for h8 hours +_ 1+ hours.

After incubation the broth culture was checked for purity by subculture

on a blood agar plate. The broth was poured into two sterile

one pint blood transfusion bottles and centrifuged at 1500 g for 25

minutes at U°C. The supernatant fluid was then discarded and the

deposit in each bottle re-suspended in 25 mis of sterile phosphate

buffered saline. The suspension from each blood transfusion

bottle was transferred to a sterile glass universal vial and centri¬

fuged at 2000 g for 20 minutes at room temperature. After discarding

the supernatant fluid the contents of both vials were re-suspended in
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a little phosphate buffered saline and the contents of the one

transferred to the others. This bulked suspension was then made

up in 25 mis of phosphate buffered saline and centrifuged again at

2000 g for 20 minutes at room temperature. The supernatant was

again discarded and the resuspension in 25 mis of PBS and centri-

fugation carried out as before.

After this third washing the supernatant fluid was discarded

and the deposit resuspended in 1 ml of glass distilled water contain¬

ing 0.002 gms of Thiomersal.

The suspension was allowed to stand 3 days in the dark at room

temporaturo to kill the barter! u. Before tine (lie minpenoion wan

subjected to ultrasonic waves for 60 seconds (wavelength 8 mu).

(3) Microtitre agglutination test

This test was carried out using the microtitre system (0.025 nils

volume) - (Cooke Engineering Co.) in U bottom trays. All serum

dilutions were made in 0.9% W/V saline solution containing 0.02%

Thiomersal. Serum dilutions (final values) were prepared from

1/2 by doubling dilution to 1/131072. After completing the serum

dilutions a drop of antigen (0.025 mis) - see below for details of

preparation was added to each well. The trays were tapped gently

to mix the reagents and stacked in a humid chamber to be incubated

at 37°C for 18 - 2k hours. After incubation the bottom of the

trays was examined for the presence or absence of agglutination with

the aid of a large plane mirror.



The agglutination titre of a test sample (serum or synovial

fluid) was regarded as that dilution at which no discrete hutton of

settled cells could be seen.

Preparation of the antigen for the agglutination test:

A flask containing 500 mis of No. 2 nutrient broth (oxoid) with

51 added horse serum was inoculated with a few mis of broth containing

a suspension of E, rhusiopathiae strain NFl+ El, (Heuner (1958) kindly

supplied by Professor Btthm of the Hanover Veterinary School) made by

suspending a loopful of growth from an overnight blood agar plate

culture in the broth.

The flask was incubated at 3T°C for 2b hours after which it was

subcultured on blood agar to check the purity. After removal of the
\

sample 1.5 mis of b0% Formaldehyde solution were added. The flask

was incubated for a further 2b hours at 3T°C to allow death of the

culture to occur. Then a sample was again removed to check the

sterility of the broth by plating on blood agar. The broth was kept

at i+°C overnight while this sterility check was in progress .

After the sterility check the broth was centrifuged at 1500 g

at b°C for 25 minutes in a 500 mis bottle. One third of the

supernatant fluid was removed and the optical density measured on a

Hilger H810-1 using filter 70. The suspension was adjusted to a

standard density of 75% against a blank of 5% horse serum in No. 2

nutrient broth, by the addition of further aliquots of broth when

necessary.



LYOPHILISATION OF E.RHUSIOPATHIAE ISOLATES

The isolate was inoculated on to two "blood agar plates - the

inoculum "being spread evenly over the plates . The plates were then

incubated overnight at 37°C. To each plate was added 2 mis of Seitz

filtered horse serum. The growth was suspended by stirring the

surface gently with a steri]ebent glass rod. Aliquots of this

suspension were then distributed into four sterile vials with a

sterile long form Pasteur pipette.

The initial freezing was carried out by rotating the vials,

which were held as near horizontal as possible, in a freezing

mixture of solid CC>2 and methylated spirits . Each vial was then

connected in turn to the freeze drying apparatus (Virtis Research

Equipment, New York, model No. 10 - lhO BA) in accordance with the

manufacturers' instructions.

Sealed vials were stored at ^°C until required.

Results

General observations

During the period of the survey an estimated (l) total of 800

carcases were detained by the Veterinary Meat Inspector for "arthritis"

including an estimated 26 - 28 carcases totalled seized.

In the survey 300 carcases including 7 totally seized were

recorded during the abattoir visits, yielding a total of 52k arthritic

joints. Table 3 shows how many joints were affected on each

carcase and Table h shows the frequency with which the various types
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of joints were detained. It also records whether the detention

was bilateral.

TABLE 3

Number of carcases detained with All

detentions
Total carcase

seizures '

1 arthritic joint 128 1

2 do 116 0

3 do 8 1+

1+ do 12 1

5 do it 1

6 do 2 0

TABLE k

Articulation Total number of

joints detained
Number of carcases

bilaterally affected

Shoulder 3 0

Elbow 261 112

Carpus 77 30

Hip 3 0

Stifle 106 19

Tarsus 7i+ 12

Tot al 52l+

Footnote 1 Monthly detention figures for the eleven months , October

1973 to the beginning of September 197^, totalled 757 seizures includ¬

ing 25 total seizures. The monthly detention figures for September

197^ were accidentally destroyed during an office reorganisation at

the abattoir. Because of this the total of 800 has been estimated

from the monthly detention figures for August and the known toal

sheep kill for the month of September.



From Table U it can be seen that the elbow joint was most commonly

detained especially bilaterally, this also partly explains the large

number of carcases which had two arthritic joints (Table 3).

The breeds of sheep detained also showed wide variation although

Table 5 shows the frequency with which the various breeds were detained

in order of frequency. It can be seen that the great majority of the

sheep of known breed belong to four common breeds.

TABLE 3

Breed Number of carcases detained

Scottish Halfbred 66

Suffolk cross U6

Scottish Blackface l+l

Cheviot north or south country 23

Suffolk 11

Border Leicester 3

Greyface 3

Finnish Landrace 1

Southdown 1

Unknown breed 105

Total 300

Tue ages of sheep detained showed some interesting variations.

This is demonstrated in Table 6 in which the frequency of detentions

is distributed by age group.
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TABLE 6

Age group Number of carcases detained

Up to 15 months 72

15 ~ 33 months 11

Full mouthed 15

Broken mouthed 97

Unknown age 105

Total 300

This is further illustrated by the variations of breed with

age of carcases detained (Table 7) where it can be seen that the

Scottish Halfbreds detained tended to be older sheep (broken mouthed),

while sheep of Cross Suffolk breeding tended to be younger. The

Scottish Blackface seems to be well represented at all the age ranges.

Table 7 shows the variation of age groups with breed.

TABLE 7

Breed of Sheep Up to 15 15 - 33
months months

Full
Mouthed

Broken

Mouthed
Total

Border Leicester 1 1 0 1 3

Cheviot 5 2 0» lo 23

Greyface 2 0 1 0 3

Finnish Landrace 0 0 0 1 1

Scottish Blackface 10 3 10 18 Ul

Scottish Halfbred 5 1 3 57 66

Southdown 0 0 0 1 l

Suffolk 9 1 0 1 11

Suffolk cross hO 3 1 2 h6

Total 72 11 15 97 195
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Another interesting comparison may be made between the joints

detained and the ages of sheep affected. This is illustrated

diagrammatically in Figure 3 and in absolute numbers in Table 8.

An obvious predominance of the elbow joint among the aged sheep is

readily seen from the table and the histogram.

TABLE 8

Joint detained Up to 15 15 - 33 Full Broken

months months Mouthed Mouthed

Shoulder, single 2 0 0 1

bilateral 0 0 0 0

Elbow, single k 0 1 5
bilateral 0 0 5 75

Carpus, single 9 3 0 2

bilateral 29 2 1 1

Hip, single 3 0 0 0
bilateral 0 0 0 0

Stifle, single 28 it 3 h
bilateral 10 2 1 0

Tarsus, single 33 6 0 6
bilateral 0 0 0 2

Bactcriological observations

Detained joints from 123 sheep were subjected to bacteriological

examination. Table 9 shows the organisms isolated.

TABLE 9

E. rhusiopathiae 29 sheep

Micrococcus sp. 3

C. pyogenes 2

Alcaligenes sp. 1

Total 35
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E. rhusiopathiae was isolated from 39 out of 59 joints examined

in the 29 arthritic sheep.

The C .pyogenes isolates were "both made from single joints of

young sheep. The single isolation of an Alcaligenes was cultured from

the elbow joint of an adult ewe, the contralateral joint of the same

ewe yielded a Micrococcus so. Both joints exhibited the gross

pathological features of osteoarthritis. Of the other two isolations

of Micrococcus sp one was made from the elbow of an adult ewe while

the other came from the carpal joint of a Suffolk, wether. The signi¬

ficance of these findings is not clear but they may have been contamin¬

ants or commensals.

Table 10 shows the ages of sheep from which E. rhusiopathiae was

isolated and the frequency of isolation.

TABLE 10

Age Number of sheep
Positive

Total number
cultured Percentage

Up to 15 months 21 57 37

15 - 33 months 3
1

12 25

Full mouthed 0 k 0

Broken mouthed 2 35 6

Unknown 3 15 20

Total 29 123
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Table 11 shows the numbers of joints from which E. rhusiopathiae

was isolated, distributed according to age group.

TABLE 11

Joint Up to 15
months

15 - 33
months

Full
mouthed

Broken
mouthed

Unknown

Shoulder NE HE HE 0(1) HE

Elbow 0 (1) 0 (1) 0 (3) 0(Ul) 0(8)

Carpus 5(23) 0 (2) HE HE
'

HE

Hip ' 0 (1) HE HE HE NE

Stifle 10(36) 3 (8) HE 2 (6) 1(3)
Tarsus lM 33) 1 (5) 1 (1) l (*0 2(3)

Total 29(9*0 Ml6) L (It) 3(52) 3(1*0

HE = Hot examined

Figures in brackets show the number of joints examined

The variation of frequency of isolation of E. rhusiopath iae

according to breed is shown in Table 12 and expressed as a percentage

of the number of animals in that breed tested.

TABLE 12

Breed ( + ) ve

\

Total tested Percentage

Border Leicester 0 2 0

Cheviot 2 9 22

Greyface 0 1 0

Finnish Landrace 0 0 0

Scottish Blackface 3 lU 21

Scottish Halfbred 3 21 lit

Southdown 0 1 0

Suffolk 1+ 7 57

Suffolk, cross 9 32 28

Unknown- 8 36 22

Total 29 123 2h%



Gross pathological observations

These observations were restricted to a few simple gross changes

which could be readily recognised. The pathological features were

divided into those seen external to the joint capsule and those internal

to it. They are described as follows

External features

(1) Swelling - this feature was common to virtually all the

joints recorded probably because it was the main spotting feature for

the meat inspectors. It was diffuse or focal and caused by either:

fibrosis, increased bone tissue or increased synovial fluid, or com¬

binations of all these factors.

(2) Oedema - another important feature aiding the detection of

arthritis during the inspection process. Its presence varied

according to the type of joint, age of the carcase and whether or not

the joint disease was shown or suspected of being infectious in nature.

Internal features

(1) Synovial fluid - alterations of-volume, colour and appear¬

ance were common in those joints showing evidence of past or present

infection. In the initial stages of the survey an attempt was made

to count the cells present in synovial fluids. However it was soon

apparent that this technique yielded no more useful information than

could be obtained by a naked eye assessment of the turbidity of the

fluid. Any turbidity of the fluid normally was caused by the presence

of large numbers of inflammatory cells and fibrin particles.

(2) Lesions of the articular surface - the severity of these

lesions varied according to the age of the carcase, the type of joint

and the aetiology.

(3) Synovitis - any congestion, increase in thickness or
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proliferation of the synovial membrane, were considered to be

indicative of this feature which was mainly seen in joints shown or

suspected of past or present infection.

[b) Osteophyte formation - the development of marginal lipping

was restricted to older carcases particularly the elbow joint.

(5) Miscellaneous features such as fractures and joint mice

were also recorded.

Four of these major features were found to exhibit some degree of

variation according to

1) age of the carcase

2) aetiological nature of the disease

3) type of joint.

These four lesions were:

1) oedema j

2) synovitis ]

3) articular lesions

b) osteophyte formation ]

The variation of these important features with the age of the carcase

is illustrated in Figure It. The data illustrated in Figure b can be

seen to be made up of two major classes:

\ . 1 ...

1; carcases having evidence of past .or present infection with

E. rhusiopathiae as shown by bacteriological or serological means,

2) carcases having other, undetermined, aetiologies.

Tables 13a and b show the variation of these gross pathological features

with age, and aetiology. (Percentage of carcases within an age group

having particular pathological features.)

soft tissue changes

Cartilage
or

bone changes .
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TABLE 13a Carcases showing evidence of E. rhusiopathiae infection.

Up to 15 15 - 33 Full Broken
months months Mouthed Mouthed ,,

Oe deiria 55$ 67 (0/1) 0

Synovitis 93$ 83 (1/1) 71

Articular lesions 38% 67 (1/1) 57

Osteophyte formation 0% 0 (0/1) 0

TABLE 13b Carcases showing no evidence of E .rhusiopathiae infection

Up to 15 15 - 33 Full Broken
months months Mouthed Mouthed

Oedema k2% 83 13 11

Synovitis 69% 83. 63 15

Articular lesions 1+2$ 6 7 63 6l

Osteophyte formation b% 17 50 57

The variation of gross pathology with the type of joint is

illustrated in Figure 5.

Serological observations

The results of counter iramuno electrophoresis and microtitre

agglutination tests applied to the arthritic synovial fluids of sheep

are shown in Table ll+. Figures refer to number of sheep tested.

TABLE lb

Technique Positive Total tested %

Counter immuno electrophoresis
Microtitre agglutination test

1+7
36

131+

103

35

35

The comparability of the tests is illustrated by Table 15.

TABLE 15

Microtitre Agglutination
( + )ve (-)ve

Counter immuno electrophoresis
Counter immuno electrophoresis

( + )ve
(-)ve

29

5

0

67
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(A positive result for the Microtitre Agglutination test is taken as

any titre in excess of 1 in 500).

It can he seen from the Table that the results of the two

techniques are not quite comparable, the CIE failing to detect 5

positives which were found to have significant titres by microtitre

agglutination test.

With the exception of the 5 doubtful results the serologically

positive samples are arranged according to age group in Table 16

analogous to Table 10.

TABLE 16

Age No. of sheep positive Total number tested Percentage

Up to 15 months 33 50 66

15-33 months 6 9 . 67
Full mouthed 1 7 lU

Broken mouthed 7 5^ 13

Unknown 3 11 27

Total 50 131

The same serological results are given in Table 17, this time to

show the distribution of results within the various breeds recorded,

analogous to Table 12.
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TABLE IT

Breed (+)ve Total tested Percentage

Border Leicester 1 1 100

Cheviot 3 12 25

Greyface 1 1 100

Finnish Landrace 0 0 -

Scottish Blackface b 13 31

Scottish Halfbred 3 32 9

Southdown 0 1 0

Suffolk 3 5 60
*

Suffolk, cross 19 29 66

Unknown 16 38 4l

Total 50 131 3Q%

Discussion

The relative importance of " arthritis" as a category of sheep

detentions at the Edinburgh Abattoir may be appreciated by reference

to Table 18 which records detentions for the few years around the

time the survey was carried out.

TABLE 18

Seized for "Arthritis It

Year Total sheep Partial Total Grand Weight in
kill Seizures Seizures Total Kgs .

1971 223,282 102b
a

15 1039 2391

1972 188,363 1307 39 1346 3247

1973 186,287 1027 37 1064 2756

191b 164,448 685 36 1721 1948

1975 176,661 1006 36 1042 259^
Seized for all reasons including "Arthritis"

1971 2267 432 2699 16949

1972 2403 391 279^ 15718

1973 1875 420 1895 14135

19lb l48l ^59 1940 13263

1975 1847 616 2463 17182



The total losses for arthritis each year are around 15t of the

total losses for all reasons when calculated on a weight for weight

basis or just less than half of the total of carcases detained at

inspection. It was figures like these which stimulated the

undertaking of this abattoir survey.

As a source of material for a study this abattoir was found to

be very generous. One of the serious drawbacks about this source

was found to be the fact that no records apart from "total sheep

killed" were maintained by the abattoir management. This immediately

prevents the results of a detention survey being expressed as a

proportion of age group, sex or breed; however the merit of this fact

is that it prevents spurious calculations of rates of prevalence

which can, after all, only be true of this abattoir and not related

to the disease in the National Flock. Nevertheless the broad

trends of "arthritis" do show themselves in the results of the survey.

As a population abattoir sheep can be divided into two main

categories (a) fat lambs and (b) culled adults. This trend is

also reflected in the "detention" sheep which as a population also

show a distribution into two main groups as illustrated in Table 6.

As it happens, in the Edinburgh abattoir these two major age groups"

are represented in the main by two breeds of sheep. Many of the

young lambs were of the Cross Suffolk type while most of the older

sheep were Scottish Halfbred ewes . Of course this is a generali¬

sation but it is reflected in the data shown in Table 5.

The results of the survey indicate that there were two major
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conditions which comprised "arthritis". These were l) a bilateral

osteo arthritic disease of the cubital articulations seen mainly in

the older sheep and typically in the heavy, broken mouth Scottish

Halfbred ewe, 2) the other major arthritic condition was Erysipelo-

thrix polyarthritis which was most commonly seen in the youngest

age group but also in the older sheep with diminishing incidence; it

was seen in many breeds but the typical picture was seen in the Cross

Suffolk wether lambs.

It seems most unlikely that the bilateral cubital osteoarthritis

is the sequel to an earlier episode of Erysipelothrix polyarthritis

or any other infectious arthritis, several of the observations made

in the survey disaffirm such a hypothesis. In the younger age

groups of detained sheep the most commonly detained joints were the

carpus, stifle and tarsus, while in the older sheep virtually all the

detentions were cubital joints. Further evidence is supplied by the

serological and bacteriological work which could detect no antibody

against E .rhusiopathiae nor any significant bacteria in synovial

fluids taken from these arthritic cubital articulations. Further

studies have been made of these joints and are recorded in a later

section of this work.

Of the other known reasons for detention of arthritic joints

Erysipelothrix polyarthritis formed a major proportion. The rate of

isolation of E .rhusiopathiae from arthritis diminished with the

estimated age of the carcase. This finding is in accordance with

the work of-Kaferstein, Ekdahl & Almand (1972) who reported similar

findings. There is no firm evidence to support the hypothesis



but one assumes that the rate of isolation of the organism diminishes

with the length of time that the infection has been present.

In this study many of the joints which were bacteriologically

sterile were found to have high antibody titres against E.rhusiopathiae.

This is illustrated in Table 19 which compares the ability of bacterio-

locial and serological methods for the detection of E. rhusiopathiae.

TABLE 19

Bacteriology • Bacteriology
positive* negative

Serology** 21 6
positive

Serology Q 32
negative

*This indicates isolation of E.rhusiopathiae from a joint.
**This indicates that the synovial fluid and serum has

given a positive result in the Counter immuno electro¬

phoresis or microtitre agglutination tests, (titre
greater than 1/500).

The fate of the organism in so called sterile joints is not known

in every case but various possibilities exist. The organism may

persist in the joint as an L-form (Roberts & Little (1971)) or be

eliminated completely from the body and may persist as sterile antigens

(Schulz et_al., 1975b).

CUBITAL OSTEOARTHRITIS

Introduction

The abattoir survey results showed that the elbow or cubital

joint from the older sheep was the most common type of joint detention

at that abattoir.



During the abattoir survey it had been found that none of the

elbow joints examined bacteriologically yielded any significant

growth nor were high serological titres against E. rhusiopathiae

recorded. This evidence taken with the observations regarding the

gross pathology of the joints suggested that whatever the initial

cause of the joint disease, the joints had assumed the features of

an osteoarthrosis or osteoarthritis.

Specific osteoarthritic conditions are well known to veterinary

medicine, conditions such as Ringbone of horses and osteoarthritis

of the hip as seen in dogs and cattle. There is however very little

information relating to osteoarthritis in sheep, in the literature.

During the dissections of joints carried out during the

abattoir survey it was noticed that the lesions within the joint and

many of the features around the joint, appear to conform to a pattern.

This study was undertaken in order to study and record more

closely the gross lesions present in some of the elbow joints in order

to confirm the preliminary observations of this pattern.

Materials and methods

Forty -three elbow joints from 29 sheep were randomly selected

from the material collected during the abattoir survey, which was

stored at -20°C. Thirty-three of the joints came from sheep affected

bilaterally but only 15 pairs of joints were dissected. The breeds

of the carcases were Cheviot, Scottish Blackface, Scottish Halfbred

and Southdown (27 females and 2 males); all the joints were from
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adult carcases which were either full or broken mouthed.

Each joint was dissected and the lesions visible to naked eye

examination were recorded on an outline map of the joint surfaces.

Waked eye examination and subsequent photography was facilitated by

the use of Indian ink and Leishman's stain.

Indian ink was used to show up areas of fibrillation a - few

drops of ink were applied to the joint surface and the joint held

under a running tap. Particles of the ink became trapped in the

fibres of the fibriHated areas and allowed the damaged areas to be

more easily seen. Leishman's stain (BDH Chemicals) was used to

delineate areas of cartilage loss - a few drops of the concentrated

stain were applied to the joint surface. The articular cartilage

was stained but the subchondral bone did not take up the stain.

Some of the lesions and features of the joint damage which

are visible to the naked eye are defined below.

Definitions

l) Lesions of the joint surface

a) Fibrillation - visible as matt areas on the articular

cartilage, described by Bullough, Goodfellow & O'Connor (1973) as

including granulation and exposure of fibres through loss of ground

substance.

b) Ulceration - loss of articular cartilage exposing the

subchondral bone.

c) Eburnation - following ulceration of the cartilage, the

subchondral bone may become highly polished (Sokoloff (i960)).



d) Grooving - a further stage in the wearing process in

which deep groves may appear on the subchondral "bone.

2) Lesions of articular structures other than the joint surface

a) Lipping - osteophyte formation around the margins of the

articular surface.

b) Ossification or calcification - any deposition of bone

or cartilage in the soft tissues such as joint capsule, ligaments

and muscle tendons.

Attempts were made to grade the lesions recorded. Lesions of

the Humeroradial and Humeroulnar joints were given three grades of

severity:

+ - fibrillation

++ - ulceration

+++ - eburnation and grooving

while the area of the lesions on the articular surfaces was estimated

and graded according to the following scale.

1) Humeroradial joint - this is a relatively planar joint

surface and the extent of lesions is readily estimated.

1 - up to 25% of surface affected

2-25-50%

3 - 50 - 15%

4 - more than 75%

2) Humeroulnar joint - the complex shape of the joint surface

does not allow precise estimation of the extent of lesions

and so a simpler scoring system was adopted.

1 - up to 50% of surface affected

2 - more than 50%
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Other lesions recorded in the joints were not graded "but

recorded as either present or absent.

Results

The joint dissections revealed that the lesions recorded

in or around the joints all conformed to a similar pattern although

there was variation in the severity of lesions. The main features

of this pattern are described below while the results of the

dissections are summarised in Appendix 2.

l) Collateral ligament lesions

a) Lateral collateral ligament:

This was a constant feature in all of the joints dissected - not

surprisingly since it was one of the spotting features which drew

the condition to the attention of the meat inspectors. (The other

spotting feature was the hypertrophy of the musculature of the hind

limbs which accompanied the osteoarthritic changes of the elbow.)

The ligament was enlarged by the replacement of the normal

ligament by fibrous tissue and calcified plaques. Enlarged lateral

collateral ligaments can be seen in the joints in figures 6, 10a and

lib. In one of the joints examined the calcification of the

lateral collateral ligament was so extensive that the calcification

extended to the lateral surface of the ulna. The result was the

formation of a bony tunnel in which lay the tendon of the lateral

ulnar muscle (Fig. 6)



Figure 6

Radio-ulnar, axial view from above. Extensive replacement

of the lateral oollateral ligament by fibrous and. calcified

tissue. The replacement of the normal fascia has resulted

in the formation of a bony tunnel around the tendon of origin

of the lateral ulnar muscle.
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"b) Medial collateral ligament:

In every joint except one this ligament appeared grossly normal.

In this case both the collateral ligaments were affected to some

degree - Fig. 7.

2) Marginal osteophyte formation.

This was common to almost all the joints examined although

a wide range of degree of development was recorded. The deposition

of new bony tissue occurred over the whole of the margins of each,

surface to some degree. The most bizarre development of the

exostoses was seen on the lateral side of the semi-lunar notch of the

ulna (Fig. 8). These wing-like exostoses articulated with a

contiguous area of the lateral rim of the olecranon fossa (Fig. 9).

3) Articular surfaces

a) Humeroradial articulation:

The mildest lesions of this articulation were seen on the

extreme medial surfaces of the radius (Fig. 10a) and humerus (Fig. 11a).

More extensive and severe lesions on the surface of the radius are

shown in figures 10b, 10c and lOd and of the humerus in figures lib - lie.

The more severe lesions generally covered a larger area of the articular

surface by extension from the medial surfaces to the lateral surfaces

of the articulation.

b) Humeroulnar articulation:

Lesions of this articulation were not so common as those of the

Humeroradial articulation nor was the correlation between severity of

lesions and area covered by the lesions so obvious as in the other



Figure 7

Humerus, dorsal view. Ossification of the lateral and

medial collateral ligaments.

v



 



Figure 8

Radio-ulnar, dorsal view. A wing-like exostosis has

formed on the lateral side of ulnar.



 



Figure 9

Humerus, volar view. An exostosis has formed on the lateral

rim of the olecranon fossa. This new surface articulated

with a wing-like exostosis such as the one shown in Figure 8.

Inside the olecranon fossa the remaining articular cartilage

has "been stained with Leishmann's microscope stain leaving a

white ulcerated region.



 



Figure 10 a

Radio-ulnar, axial view from above. The dark area visible

on the medial surface of the radius is a region of cartilage

fibrillation made visible by staining with Indian ink.

Figure 10 b

Radio-ulnar, axial view from above. The articular cartilage

has been stained with Leishmann's, a>large ulcerated area is

visible on the medial surface.



 



Figure 10 c

Radius, (the ulnar bone has been removed) an oblique medial

view. The articular cartilage has been stained with both

Indian ink and Leishmann's stain. The ulcerated area appears

white, and the fibriHated edge of the lesion appears blackened.

Figure 10 d

Radio-ulnar, axial view from above (the ulnar has been sawn off

level with the surface of the radius). Deep grooves are visible

on the medial surface of the radius.



 



Figure 11 a

Humerus, dorso-medial view of distal articulating surface.

An area of fibrillated cartilage has been shown upon the

medial surface by the application of Indian ink.

Figure 11 b

Humerus, dorsal view. The remaining articular cartilage

has been stained with Leishmann's to leave an ulcerated

area visible on the medial surface.



 



Figure 11 c

Humerus, axial view from below. This shows an ulcerated,

eburnated area on the medial condyle, the margin of fibrillation

around the ulcer has been shown up by Indian ink staining. This

specimen also has. a very enlarged lateral collateral ligament.

v



 



Figure 11 d

Humerus, dorsal view. This preparation, stained with

Leishmann's shows severe ulcerated and grooving of

subchondral "bone.



 



Figure 11 e

Humerus, dorsal view. Deep grooves are visible on the

medial condyle, this bone articulated with the one shown

in Figure 5 d.
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articulation. The affected area was the lateral surface of the

semi-lunar notch and its opposing surface in the olecranon fossa.

The lesions of the ulnar surface are illustrated by figures 12a, 12b, 12c

and 12d and a lesion in the olecranon fossa is shown in figure 9.

h) Fracture of the anconeus process

This feature was recorded in 11 joints from 9 sheep, the

lesion occurring bilaterally in two carcases. In most cases the

lesion had the appearance of a non union fracture without displacement

(figures 13a and 13b). Displacement did not occur because of the

fibrous attachments and limiting shape of the olecranon fossa. In

two joints the fractured fragment of the anconeus process had become

impacted in the fossa.

The range of movement of all the joints was limited to some degree

by the changes which had occurred in the joint. The major factors in

reducing joint movement were the ossification of the collateral

ligament and nearby fascia and the new bone formation laid down

around Uie margins ol* the articular surfaces. In many cases also

disarticulation of the joint was not accomplished without the

application of some force. This often resulted in the fracture of

the anconeus process. However this artefact was readily

distinguished from the natural anconeal fractures.

Discussion:

The results of the dissections confirmed the early impression

that the lesions seen in and around the elbow joints conformed to

a pattern. The main elements of the pattern were as follows:



 



Figure 12 a

Radio-ulnar, laterial view of olecranon. Indian ink has

been used to stain small fibriHated areas on the lateral

side of the olecranon notch.



 



Figure 12 "b

Radio-ulnar, dorsal view. The articular cartilage has

teen stained with Leishmann's, leaving a small white

triangular area on the olecranon which represents an area

of ulceration.



 



Figure 12 c

Radio-ulnar, lateral view. An ulcerated, area on the

lateral surface of the olecranon has been delinated by

Leishmann's stain. (The anconeus process was broken

during disarticulation).



 



Figure 12 d

Radio—ulnar, an oblique dorsal view. • Grooves are visible
on the lateral side of the olecranon notch.



 



Figure 13

Radio-ulnar lateral view. This specimen shows a naturally

occurring fracture of the. anconeus process.
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1) Disruption of the lateral collateral ligament.

2) Loss of surface integrity of the medial surfaces of the

humeroradial joint.

3) Loss of surface integrity of the lateral surfaces of the

humeroulnar joint.

Other lesions were observed less frequently such as fracture

of the anconeus process, disruption of the medial collateral ligament,

formation of joint mice and extension of surface lesions to cover

areas other than those described above.

The development of marginal osteophytes was common to all the

joints studied.

The lateral collateral ligament lesion was seen in all the joints

dissected - not surprisingly since it was one of the features of the

condition which drew it to the attention of the meat inspector.

Since this lesion was present in all the joints examined - all of

which were seen to bear the other lesions of the condition in a range

of severity it is arguable that the lateral collateral ligament

lesion was among the earlier pathological changes occurring in the

joint.

The lesions of the articular surfaces particularly of the

humeroradial joint showed a degree of correlation between severity

of articular lesions and the area of the loss of surface integrity.

The mildest lesions of the humeroradial joint were found on the

caudomedial areas of the surface while the more severe lesions extended



further laterally. A similar relationship between severity of

lesions and area is likely to have existed in the humeroulnar

articulation but because of the relatively smaller surfaces this •

correlation was not so apparent. A logical extension of these

premises would then be to equate mild changes with early stages

of the disease and hence to consider the disorder as a progressive

condition which begins with mild changes in the surface integrity

(fibrillation) on the medial aspect of the Humeroradial articulation

and the lateral surfaces of the Humeroulnar articulation.

A hypothesis can be proposed which can account for the anatomical

distribution of the wear patterns on the articular surfaces:- If for

some reason forces were exerted on the limb which had the effect of

opening the joint slightly on the lateral side then this would bring

the medial surface of Humeroradial articulations and the lateral

surfaces of the Humeroulnar articulation under increased loading stress.

As a result of these locally increased contact pressures disintegration

of the normal articular surface is more likely.

If this hypothesis is to be believed then the osteoarthritis

which occurs would be classified as a secondary osteoarthritis.

(Freeman (1973)) gives four circumstances following which secondary

osteoarthritis can develop:

1) Inflammation

2) Metabolic disturbances

3) Structural abnormalities

H) Bone infarction.
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The lesions of the lateral collateral ligament cannot be readily

explained on the basis of the observations made during this brief study.

The disruption of the ligament may have been the result of the increased

force being applied which has tended to open the joint laterally or the

damage to the ligament may have led to loss of function and consequently

allowed the joint to open laterally bringing the articular surfaces

under different loading stresses. Not enough is known of this

condition to permit one of these explanations to be favoured at'the

expense of the other.

The other pathological changes in the joint can be seen as sequelae

of the earlier osteoarthritic changes. Marginal lipping - the result

of new bone growth in the transitional area of the synovial membrane is a

rather non-specific change, although the development of the new articulat¬

ing surfaces such as the wing-like exostoses on the elocranon suggest

that the osteophyte formation is dictated in part by the areas in contact.

On the anconeus process osteophyte development had enlarged the

process increasing the semilunar notch. The increased length of the

process contributed to the difficulty in disarticulating the joints.

This increase in length of the anconeus process may have nacfe the process

more vulnerable to fracture.

It is difficult to account fully for the anconeal fractures which

were recorded in ten of the elbow joints examined, although the occurr¬

ence of the fracture in a quarter of the joints examined suggests that

it is likely to exist in a similar proportion of all affected elbow

joints.
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During the abattoir survey a large number of arthritic elbow
♦

joints were detained. They were found most often in full mouthed

or broken mouthed ewes especially of the Scottish Halfbred type,

Cheviots and Scottish Blackface. However because no other infor¬

mation was available apart from the total sheep population killed at

the abattoir during the survey no conclusions can be drawn from

these observations. These three breeds were clearly the most

common in the abattoir and so no conclusions about breed preference

can be drawn.

Time presumably had a part in the development of the lesions.

Once again however no firm conclusions can be drawn about the

frequency of the elbow arthritis . It has to be borne in mind that

abattoir sheep are not a typical sample of the whole of the country's

sheep flock. Because of the patterns of sheep rearing the vast

majority of abattoir sheep are either fat lambs or culled ewes. The

middle age range is not well represented among abattoir sheep populations.

On consideration of the findings of these dissections one is

bound to ask why should such a commonly occurring arthritic condition

not have been described previously.

There are two main reasons: firstly the condition did not

appear to cause very noticeable clinical signs of lameness, sheep

which were seen ante mortem often only appeared slightly stiff and

disinclined to move unnecessarily. None of the ewes were seen to

be"carrying a leg". This is probably a result of the bilateral

nature of the condition. Also sheep are particularly susceptible to
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foot lameness, lesions of these kind may mask the clinical signs of

a bilateral elbow arthritis .

It is also likely that the condition .is not recognised as

requiring detention in many abattoirs. This would apply particularly

to abattoirs whose carcases are dressed in the English style. In this

method the fore shanks are tied with string in a position with the

shoulder and elbow joints fully flexed. This causes the muscles of

the upper and forearm to bunch concealing the lateral aspects of the elbow

joints. Sheep carcases in Edinburgh killed and dressed for home

consumption are not tied up in any way - the foreshanks being allowed to

hang down freely. Because the range of movement of the elbow joint

may be limited by the osteoarthritic changes in the elbow, the foreshanks

of affected sheep may not hang down as far as normal. This phenomenon

is readily seen in hanging carcases which are viewed from the side,

especially when in some cases the foreshanks are not equally affected

and one limb sets in a higher position than the other.

Aside from these two main reasons which relate to the likelihood

of the condition, being recognised in the liye or slaughtered animal it

is also clear that in different abattoirs the condition is regarded

differently. This is illustrated by the following table which shows

the frequency with which sheep are detained for arthritis in two

Scottish abattoirs.



38

TABLE 20

ABATTOIR - EDINBURGH

Year Total sheep
kill

Whole
carcases

Partial
carcases

Grand

Tot al
Percentage

1971 223,282 15 102*+ 1039 0M

1972 188,363 39 1307 13U6 0.71

1972 186,287 37 1027 106U 0.57

197^ l6*t,itit8 36 685 721 O.ltlt

1975 176,661 36 1006 101+2 0.59 •

ABATTOIR - GLASGOW

1971 37^,000 1 533 53*t O.lU

1972 27*1,693 It *t 39 it It3 0.16

1973 327,998 0 528 528 0.16

197*+ 317,^3^ 3 565 568 0.18

1975 257,276 3 i+33 U36 0.17

It can be seen that the frequency of detentions for arthritis

is much higher at Edinburgh. This difference is probably

attributable to different attitudes to the condition rather than a

real difference in prevalence of the condition - Cubital osteo¬

arthritis is certainly known to exist in the Glasgow abattoir
v

(McCancc(l973) personal communication) but it is rarely considered

worthy of detention

Having determined that this condition is probably not recognised

or regarded as requiring seizure of the affected parts in many abattoirs

it is important to consider the relevance of the condition.

Since the condition is not often recorded in abattoirs in this



country it seems unlikely that much meat is lost through detention at

meat inspection. Nor does the condition cause noticeable loss of

weight in affected animals. Nor is it certain that the arthritis

was the reason for the ewes being culled. -The survey of Herrtage,

Saunders & Terlecki (197*0 has indicated that the reasons for culling

ewes are often multifactorial depending on such things as state of

teeth, udders, feet and market prices. During this present

survey no other parameters of health were recorded which might have

indicated the reasons for culling ewes but it is likely that the

state of their teeth (many of the arthritic ewes had broken mouths)

is likely to have been a significant factor in the decision to cull

the ewes.

Probably the only real importance of this condition is that it

causes a certain amount of discomfort or pain in affected animals

which affects their locomotor function. Occasionally this may

lead to real suffering as in the case of sheep numbers 290 - 292

recorded during this survey. The ewes were Cheviots which had been

transported from Caithness to Edinburgh. During the journey the

animals had been unable to stand for the whole time and had been

trampled by their fellows. The almost total detention of these

carcases for extensive bruising gave some indication of the suffering

endured by these animals.

The knowledge that this kind of distressing event can take

place should make one wonder about the potential suffering which may

be experienced by affected sheep being transported, particularly to

Continental Europe.
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SOME STUDIES.ON E. RHTJRTOPATHTAE AND ITS INFECTION IN SHEEP

Introduction

Three aspects of E. rhusiopathiae relating to its infection

in sheep have been studied. These matters are not directly

related to one another but they have been grouped together,

with the review of the literature because they arose out of the

abattoir survey and during the preparation for the experimental

work of this project.

These studies have proved useful as an introduction to the

whole subject of Erysipelothrix infection in sheep. It is hoped

that presented here they will act as a prelude to the rest of the

work in the project.

REVIEW OF THE LITERATURE: Erysipelothrix rhusiopathiae infection in

sheep

1. Introduction

2. Host - parasite - environment aspect of E. rhusiopathiae

2.1 Distribution of E. rhusiopathiae in animals

2.1.1. Animal hosts of E. rhusiopathiae

2.1.2. The presence of E. rhusiopathiae

2.2, Dissemination by infection animals

2.3. Survival of E. rhusiopathiae away from animal hosts

2.U. Serotypes of E. rhusiopathiae

2.U.I. Introduction

2.1+.2. Methods

2.U.3. Structural basis for the antigenic typing of E.rhusiopathiae

2.k.k. Epidemiological significance of E.rhusiopathiae serotypes
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3. Manifestations of E.rhusiopathiae infection in sheep

3.1. Valvular endocarditis

3.2. Cutaneous infection

3.3. Septicaemia

3.U. Polyarthritis

h. Polyarthritis as a disease

U.l. Introduction

b.2. Che infection

U.2.1. Clinical signs

k.2.1. (a) Acute

(b) Chronic

b.2.2. Age distribution

U.2.3. Morbidity /Mortality rates

b.2.b. Pathology of Erysipelothrix polyarthritis

k.2.b. (a) Gross Pathology

(b) Microscopic Pathology

1+.3. Factors affecting the establishment of infection

lj.3.1. Routes of infection

H.3.2. Number of organisms required to establish infection

U.3.3. Natural immunity against E. rhusiopathiae

^.3.3. (a) Active Immunity

(b) Colostrum derived immunity

1+.3.1+. Effects of Management Practices.
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5. Diagnosis

5.1. Clinical diagnosis

5.2. Bacteriological diagnosis

5-2.1. Cultural requirement s

5.2.2. Methods

5.2.2. (a) General methods

(b) Selective methods

(c) Fluorescent antibody methods

5.2.3. Likelihood of isolation of E. rhusiopathiae from an arthritic

joint

5.2.U. Identification of E.rhusiopathiae

5.3. Serological diagnosis

5.3.1. Methods

5.3.1. (a) Agglutination methods

(b) Precipitation methods

(c) Growth inhibition

(d) Methods using erythrocytes i. Passive haemagglutination

ii. Haemagglutination inhibition

(e) Neuraminidase neutralising test

5.3.2. Development of Serologically detectable titres following infection

5.3.3. Interpretation of Serological titres

6. Aspects of the Pathogenesis of Erysipelothrix polyarthritis
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1. Introduction:

The purpose of this review is to consider Erysipelothrix

infection of sheep not in isolation but as a facet of the natural

history of the causative organism. In attempting to carry out this

aim, the literature - often pertaining to other species of hosts -

has been drawn on freely in an attempt to augment the rather slender

resources available to the student of Erysipelothrix infection in sheep.

2. Host - parasite - environment aspects of E.rhusiopathiae

2.1. Distribution of E.rhusiopathiae in animals

2.1.1. Animal hosts of E. rhusiopathiae

Some idea of the wide range of hosts available to the organism

is given in the review of Shuman & Wood (1970). The list includes

many common mammals and wild birds. . . The ability of the organism

to infect a wide range of British birds and mammals is illustrated

in the report by Blackmore & Gallagher (1961+) of a natural outbreak

of Erysipelothrix infection in a zoo collection of British wild birds

and mammals. Among the 17 bird species and 3 mammals affected were

domestic pigeons, house sparrows and jackdaws. The two outbreaks

of Erysipelas in pheasants' reported by Bygrave (1971) and the isolation

of the organism from wood pigeons by McDiarmid (1965) underline the

fact that many common birds in Britain are potential hosts for

E. rhusiopathiae.

Tne presence of E. rhusiopathiae in fish slime has been

frequently reported and is thought to be the source of infection for

humans handling fish. Shewan (l97l) recorded that 23 - 28% of
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market fish in Aberdeen were positive on cultural examination.

The organism was also found in fish boxes and on market floors.

Murase, Suzuki, Isayama & Murata (1959) found 97 out of 110 market

fish in Tokyo to be infected. Hashimoto, Yoshida & Sugawara

(197*0 isolated the organisms from the body surfaces of 77 out of

298 in Tokyo market fish examined.

The fact that freshly caught fish swabbed out at sea were found

to be free of infection Shewan (l97l) and. that 58 fish caught by Murase,

Suzuki, Isayama & Murata (1959) were also free of infection suggests

that post mortem contamination of the fish by infected material is

likely to be the source of infection. The presence of birds of

all kinds around fishing enterprises could be a clue to the source.

2.1.2. Presence of E. rhusiopathiae in apparently healthy animals

The tissues and secretions of healthy pigs have been examined

for the presence of E.rhusiopathiae by many authors. See Table 21.

TABLE 21

Year Authors Species Material
examined

No. No.
+ (ve)

%
+ (ve

1953 Connell & Langford Porcine Vis cera 639 192 30

1959 Murase ,Suzuki ,Nakahara
Araumi & Hashimoto

Porcine Tonsils 129 50 39

I960 Murase & Ebi Porcine Tonsils 215 73 3l+

1970 Timoney Porcine Tonsils 1552 661+ 1+3

1972 B8hm Porcine Tonsils 2*+0 8 3

1972 B8hm Porcine Cardiac
valves

1+78 3 O.f

197*+ Hashimoto,Yoshida
& Sugawara

Porcine Tonsils 30 12 1+0



Connell & Langford (1953) noted that there was a tendency

for the isolation rate to he higher during the warmer months.

Similar variation in isolation rate was described by Murase &

Ebi (i960) and Timoney (1970). In Timoney's work, peak isolation

rates of 60 - 70$ were achieved in January and June while in March

and May the rates were down around 10$ He was unable to put forward

an acceptable explanation to account for the variation.

The organism has also been found in other species, in apparently

healthy animals. Kaferstein, Ekdahl & Almand (1972) reported

isolating E. rhusiopathiae from the lymph nodes of 8 out of 55

apparently healthy lambs between 3 and 9 months old. Arsov (196U)

isolated E. rhusiopathiae from the tonsils or nasopharyngeal

secretions of 56/91 cows, 35/53 sheep and 11/50 chickens. Abattoir

rats were shown to be capable of being healthy tonsillar carriers by

Ovasapyan, Esadzhanyan & Galoyan (196U). These rats had a signifi¬

cantly higher carrier rate than rats caught elsewhere.

Turkeys are also known to develop a carrier state for k - 8

weeks after infection and recovery, (Sadler*& Corstvet (1965)) "but

there is no evidence of excretion.

2.2. Dissemination of E.rhusionathiae by infected animals

Faecal carriers were found by Connell & Langford (1953) who

examined the intestines and other organs of apparently healthy pigs.

Kurek (1965) cultured faecal samples from apparently healthy pigs

and was able to isolate E. rhusiopathiae from a small proportion.
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Examinations of the faeces of 10 frank Erysipelas pig cases revealed

that 8 were excreters. A similarly high faecal excretion rate was

found by Wood (1967) who studied 18 experimentally infected SPF pigs.

Excretion of the organism in faeces and urine was seen in some cases

only 2k hours after infection and usually before clinical signs appeared.

Other sites harbouring the organism, though less frequently were mouth,

conjunctival sac and skin.

From the results of their experiments Timoney & Berman (1970)

concluded that tonsillar carriers are probably not important as faecal

excreters of E.rhusiopathiae. This conclusion came from rather a

small experiment and so must be accepted with some reservations.

Wood (197*0 recovered the organism from 16/609 faecal samples

collected from healthy swine; fourteen of these strains were shown

to be swine pathogens by response to intradermal injfection. He

argues that his results help to support the hypothesis of Wood &

Packer (1972) that soil samples from swine pens containing E.rhusio-

•pathiae must have been contaminated by faeces from excreting

carrier pigs. Wood also recalls his earlier work (Wood (1973))

which indicated that prolonged survival in the soil was unlikely -

thus he felt that continuous dissemination by excreters was a necessary

factor in maintaining the organisms presence in the soil.

The work of Ovasapyan, Esadzhanyan & Galoyan (196*1) brings

to light another potential disseminator in the form of Rattus norvegicus.

Experimentally infected rats developed a non fatal disease and kk%
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continued to excrete the organism for up to 25 days.

2.3. The survival of E.rhusiopathiae away from animal hosts

Accounts of the remarkable ability of the bacteria to survive

a wide range of seemingly hostile influences such as cooking, salting

and smoking and its ability to survive long periods in organic matter

can be found in many textbooks. (Davies (1955)5 Gledhill (1959),

Shuman (1966) and Shuman & Wood (1970)). The observation by

Wellmann (1955c) that a broth culture stored at room temperature for

22 years was still capable of killing mice and even of eliciting a

mild response when injected into a pig, emphasises the potential for

survival which the organism appears to possess. Its capacity is

all the more striking considering that it is not known to be a spore

producer.

This is one of the reasons why the belief has grown up that

E.rhusiopathiae is capable of a saprophytic existence outside the

host. This suggestion was made by Edwards (1929) and repeated by

Vanes & McGrath (19^2), Davies (1958) and Shuman & Osteen (1958).

It is perhaps not surprising therefore, that Timoney (1970) should

state that this belief is now widely accepted.

The truth however, remains that while there is undoubted

evidence for the organism's survival in a wide range of habitats

there is no direct factual evidence in the literature to indicate

that the organism is capable of living as a saprophyte (Shuman (1966)

and Shuman & Wood(l970)).
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Most reports of the isolation of the bacteria from unusual

sites, such as long buried carcases, are found to describe the

organism in association with organic matter or certainly material

containing a large proportion of organic matter. This would appear

to be so in the case of the isolation of the organism from old

mixtures of sheep dip incriminated in outbreaks of post-dipping

lameness (Whitten, Harbour & Allan (19H8) and Harbour & Kershaw (19^9).

Wood & Packer (1972) found that while the organism could readily be

isolated from the soil of pig pens and the effluent of pigs pens ,

none of the 33 soil samples taken from fields on the same farms, not

frequented by pigs yielded E. rhusiooathiae.

The evidence concerning the survival of E.rhusiopathiae

occasionally appears a little contradictory. Wocard & Leclainche

(1896) observed that viability was maintained after 17 days in tap

water or 3^ days in distilled water. Stickdorn (1918) records

that saline solutions made up in distilled water were more

germicidal than similar solutions made up in river or tap water. He

thought the higher alkali content of the latter sources was the

significant factor. Similarly both Gajzago (1932) and Viriden

(1936) mention the lethal effect of saline solutions. Viriden

found that broth or mixtures of 3 parts saline to 1 part broth were

necessary for the suspension of the organism for mouse injection.

Watts (19^0) followed Gajzago's lead and -used broth as the diluent

for his colony counting estimations.

In view of the organism's debatable ability to survive the



effects of unbuffered saline solutions, the isolation of the bacteria

by Spears (195^) from marrow bones which had undergone the salting

process would appear to complete the paradox. It is of course

arguable that failure of the brine to penetrate allowed the bacteria

to survive or that some buffering agent in the marrow was protecting

the organisms.

McCulloch & Fuller (19^1) have studied the efficiency of various

disinfectants against E. rhusiopathiae. While many agents such as

washing soda were found to be highly effective, there were a number

of agents found to be less effective, notably alcohol, formaldehyde

and phenol. This inability of phenol to inhibit the growth of

the organism was likely to have been one of the major factors in the

outbreaks of Erysipelothrix infection seen in lambs recently injected

with certain Pulpy kidney/Lamb dysentery antisera (Edwards (19^9)).

The ability of various soils to support the growth of

E.rhusiopathiae was studied by Vallee (1930) , he also records his

failure to isolate the organism from soils of Erysipelas areas.

This contrasts with the findings of Wood & Packer (1972) who isolated

many pathogenic strains of the organism from the soil of swine

pens. They believed that continuous faecal contamination by

excreting animals was the most likely explanation for the presence

of the organism.

Careful laboratory technique enabled Woods (1973) to conclude

that under the range of artificially maintained conditions in which he
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incubated standard soil samples containing known inocula of

E. rhusiopathiae, no multiplication of the bacteria was detected.

In fact the organism died out at a logarithmic rate which was

proportional to the temperature. Under optimum conditions

viability was maintained for, at most, 35 days. His conclusion

was that E. rhusiopathiae is not capable of leading an independent

existence in the environment in any recognisable form. Wood's

results approximate to those of Rowsell (1958a) who arrived at a

figure of 21 days for the survival of the organism in the soil.

Wood recorded other observations which are not fully dealt

with in his discussion. He describes how a soil sample artificially

high in organic matter content was not able to support the organism

as long as a similar soil with lower organic matter content.

However, what he fails to point out is that a natural soil from a

pig pen which had a higher organic content but lower pH and similar

moisture content supported the bacteria for 16 days compared to 7

days by the artificially high organic matter soil It is possible

that factors influencing survival are interdependent and it would

appear that there may be an inter-relationship of pH with organic

matter content.

Kemenes, Benyeda, Dobos-Kovacs & Fabian (1971) found that a

strain of E.rhusiopathiae had survived 3 months' storage in a mud

sample at U°C. Grishaev (1970) also noticed a marked temperature

effect. The organisms survived 92 days in pig slurry at summer

temperatures of 10 to l8°C but 157 days in winter temperatures of
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- 10°C to - 17°c.

From the information available it would appear that the

existence of E.rhusiopathiae in the environment in a recognisable

form is the result of its ability to survive rather than live

saprophytically. This form of survival clearly depends on

temperature, pH, moisture content, organic matter and possibly

favourable interaction of these and other factors.

In being subject to these environmental influences E. rhusiopathiae

shares a dependence on the existence of favourable conditions for

survival in the external environment with other pathogens of veterinary

importance (Wray (1975))•

2.b. Serotypes of E.rhusiopathiae

2.U.I. Introduction:

It would appear that the work of Marsh (1933a) was the first

recorded serological study of E.rhusiopathiae. He found that 2

sheep strains and 1 pig strain were antigenically similar.

Watts (19^+0) studied i+3 strains and divided them into two

main groups: types 1 and 2. Dedie (1950) split 7^ strains into

three classes on the basis of their serological reactions. lYpes

A and B possessed type specific antigens and were identical to the

groups 1 and 2, of Watts (19^+0). Group N organisms possessed no

type specific antigens. •



52

Since the work of Dedie (1950) many strains have been serotyped

by many workers, and as new serotypes were found they have been

designated by letters or Roman numerals (Murase, Suzuki, Isayama &

Murata (1959)) without reference to any central authority. There

was agreement about the major serotypes A and B (Dedie (1950)),

which were equivalent to types 1 and 2 of Watts (l9*+0) and types

1 and 2 of Murase, Suzuki, Isayama & Murata (1959) "but until Kucsera

(1972) undertook a study of strains from all over the world the

precise number of distinct serotypes was not clear.

His work showed that 15 type-specific serotypes existed with

group N being used to contain those serotypes not possessing type

specific antigens. He further suggested that Arabic numerals

should be used to designate strains in place of letters to allow

for future discovery of new types.

A new serotype has since been described by Fabian, Kemenes ,

Kucsera & Vetesi (1973) has been designated type 16.

The separate existence of l6 serotypes and a group N was

confirmed by Hashimoto, Yoshida & Sugawara (197*0. At the time

of writing no further serotypes have been reported.

2. k.2. Methods:

The early work on E.rhusiopathiae serotypes was carried out

using agglutination methods and agglutination absorption with whole

and heated antigens (Watts (19**0) , Gledhill (l9*+5a). Later workers



made use of precipitation, methods with acid extracted antigen (Dedie

(l9*+9)> Dedie (1950), Szent-Ivanyi (1952)). Some investigations

have been carried out by a combination of both methods (Atkinson

(l9*4l), Heuner (1958), Murase, Suzuki, Isayama & Murata (1959)) -

The use of steamed antigens in agar gel precipitation methods

allowed Ewald (1962) to carry out the serotyping technique very

easily. Later workers have used precipitation in agar gel with

acid extracted, steamed and autoclaved antigens. (Truszczynski

(1963); Kucsera (196*0; Ewald (1967); Castro, Trabulsi, Campedelli

& Troise (1970) and- Kucsera (1971)).

The definitive work of Kucsera (1972) used autoclaved antigens

in the agar gel precipitation methods while the confirmatory studies

of Hashimoto, Yoshida & Sugawara (197*0 relied on acid extracted

antigens in the precipitin ring test.

2.*+.3. Structural basis for the antigenic typing of E. rhusiopathiae

Watts (19*40) postulated that there must be one heat stable type
v

specific antigen and two heat labile species antigens which would

account for the cross reactions he found in his agglutination studies.

The type specific antigens were extracted from E.rhusiopathiae

strains by Atkinson (l9*tl) using Acetic acid. She concluded that

the antigens were likely to be polysaccharides.

Similar work by Dedie (19*49) showed types A and B each had



acid soluble antigens which were type specific,

possessed no type specific antigens.

Group N strains

The loss of type antigens can be induced and this has been

achieved by mouse passage (Fiege(l95l))and by growth in the presence

of type specific antibody Kucsora (1999) )• Pigeon passage of fin

artificially produced N strain resulted in its regaining its type A

characteristics. (Fiege (1951)). At present there is no

substantiated evidence that a strain of any particular serotype can

develop the type specific antigens of another serotype.

The water soluble antigens of one strain of E. rhusiopathiae

were fractionated on a DEAE cellulose resin column (White & Kalf

(l96l)). Five peaks having serological activity were eluted and

labelled A, B, C, D and E. A and B represented heat stable type

specific antigens, C and D were heat labile (U mins at 100°C) and

represented the species antigens. Antigen E which only reacted

with homologous antiserum was also heat labile.

The A antigen was found to be serologically identical with the

type specific acetic acid extracted antigen of Atkinson (19^1).

It was thought to be a longish mucopeptide fragment of cell wall

origin (Kalf & White (1963)). Further work showed that the B

antigen was similar but not serologically identical to the A antigen

(Kalf & Grece (196U)). The C antigen, a species antigen, was

separable into several components by DEAE fractionation but all were

serologically identical.
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The purification of the type specific antigen of a type B1

organism was reported by Erler (1968a). This antigen was thought

to be a homogeneous amphoteric polysaccharide having molecular

or particle weight of around 60,000 (Erler (1968b)). Other components

were found in association with the substance one of which was acid

labile of type B1 specificity.

2.h.b. Epidemiological significance of E. rhusiopathiae serotypes

In order to clarify consideration of this section of the

literature all serotypes quoted by authors have been reclassified in

accordance with the suggestion made by Kucsera (1973).

It was not possible to precisely reclassify the "Fr" group of

Murase, Suzuki & Nakahara (1959). This group was later differentiated

into groups E and F (Murase & Ebi (i960)) but it is not clear exactly

which strains of the organism belong to which group and so they are

shown in the table as untyped.

Regional variation in the distribution of serotypes 1 and 2 in

pigs was noticed in Hungary by Szent-Ivanyi (1952). Type 1 was more

frequent and was commonly isolated from piggeries which practised

serovaccination. Similarly Heuner (1958) studying strains from a

wide variety of sources found 107/1^+7 to be type 1, 28 type 2, 1 type 3,

2 type U and 9 group N. Kucsera (1958) is cited by Shuman and Wood

(1970) as having found no type 1 strains in pig tonsils , only type 2

and group N.
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Other authors have, more recently, recorded the sources of

the strains they typed. This has allowed the relationship between

serotypes and preferred sites to become more apparent. The table

has been constructed from'results of some of these authors.

A few general observations may be made from the information

collected in the table.

(1) The preponderance of type 1 organisms mentioned by

Szent-Ivanyi (1952), and Heuner (1958) is not evident from the table.

This fact alone may invalidate any generalisations based on study

of the table.

(2) Types 1 and 2 would appear to be in the majority among

strains isolated from diseased pigs, group N organisms forming a

very small proportion of the whole.

(3) Type 2 organisms appear to be more commonly foundthantype 1

in arthritic pigs.

(L) In generalised Erysipelas type 1 organisms appear to be

relatively more important than in other conditions.

(5) The single paper dealing with porcine endocarditis isolates

would seem to show that types 1 and 2 are of approximately equal import¬

ance .

(6) In the porcine tonsil type 2 organisms comprise nearly 50I

of the total strains typed. This is a higher proportion than in any of

the conditions or sources although of course type 1 and group N organisms

are well represented and so are large numbers of isolates of types not

commonly found in pig disease conditions. Little is known of the patho¬

genicity, sources or real importance of these types, particularly types

5,6, 7 and 8.
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TABLE
22

-

Pig

Disease
Serotypes

Source

N

1

2

3

1*

5

6

7

8

9

10

11

12

13

lU

15

16

Untyped
Authors

Septicaemia
and

Urticaria
3

19

22

Murase,
Suzuki
&

Nakahara
(1959)

Septicaemia
27

Hashimoto,
Yoshida

&

Sugawara
(1971*)

Urticaria

3

-

do
-

AcuteerysipelasSub-total
87

138
117
160

33

22

ItIt

6587

Harrington,
Wood

&

Hulse
(197*0

Arthritis
1

15

Hashimoto
et
al

(197**)

Arthritis
2

17

86

1

B8hm
&

Bisping
(1972)

Sub-total
3

17

101

1

Endocarditis
1

22

25

Hashimoto
et
al

(197*+)

GRAND
TOTAL
It

156
286

3

2

5

87

Serotypes
from

apparently
healthy

pigs

Tonsils
5

3

22

3

7

Murase
et
al

(1959)

-

do
-

19

19

175

20

67

22

36

It

Murase
&

Ebi

(i960)

-

do
-

1

Kucsera
(196*1)

-

do
-

17

2

1

Ewald
(1967)

-

do
-

It

2

3

Castro
el
al

(1970)

-

do
-

1

Kucsera
(1972)

-

do
-

6

B8hm
&

Bisping
(1972)

-

do
-

6

6

3

5

1

1

Hashimoto
et
al

(197*0

Sub-total
36

22

220
3

32

76

2
It

37

1

1

1

3

1

Cardiac
valves

3

B'Uhm
Se

Bisping
(1972)

GRAND
TOTAL
36

22

223
3

32

76

2*t

37

1

1

1

3

1
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continued

Serotypes
from
fish
body

surfaces

Source

10

11

12

13

l*t

15

16

Untyped
Authors

2*t

123

13113

Total

2k

2

26

8

18

Chicken

3

DuckTurkey

5

Pheasant

1

Cattle
tonsil

Cattle

endocarditis
MinkHumanZoo

birds
Zoo

mud
Sheep

arthritis
1

Sheep
faeces

2

SquirrelPheasantLovebirds

1

Miscellaneous
sources

1It*t

11

111

Murase,Suzuki
.Isayama

8c

Murata
(1959)

Castro,
Trabulsi,

Campe-

delli
8c

Troise
(1970)

Kucsera
(1973)

Hashimoto,
Yoshida
8c

Sugawara
(197*0

Murase
.Suzuki
&

Nakahara
(1959)-

do
-

-

do
-

-

do
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what
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the

isolate
was

made
and
so
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not

been
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in
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table.)
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(7) The occurrence of many of the same serotypes in porcine

tonsils unci fish body slime might tend to suggest some sort of

epidemiological link. It is of course highly unlikely that fish

meal could be the source of infection for pigs in countries like

Britain where processing includes heat treatment sufficient to kill

E. rhusiopathiae (Windsor (undated)). Perhaps in the future a

common source of infection may be found which would explain the . ■

occurrence of similar serotypes in these two apparently unconnected

sites.

(8) Apart from reports of Schirrer (1971) and Teschner (1975)

little is known about the serotypes of E.rhusiopathiae which are

found in sheep.

From the limited amount of information available it is clear that

while greater or lesser proportions of certain serotypes may be found in

association with specific disease conditions or in certain sites

particular serotypes are not found in specific sites to the exclusion

of all others. This means, that determination of the serotype of an

unknown strain is not likely to tell the investigator much about that

strain's potential for infecting various species or causing various

disease conditions.

However as more information is accumulated and presumably more

serotypes are discovered, the isolation of a less common serotype from,

say a pig disease, may allow the field investigator to guess at the

likely source of the infection.
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While a lot is known about the epidemiology of E.rhusiopathiae

such as ability of infected animals to excrete organisms, natural

hosts, routes of infection, etc., it is still not clear what is the

source of infection for sheep. Serotyping of strains from sheep and

wild animals may help to elucidate this point.

3. Manifestations of E, rhusiopathiae infection in sheep

Although by comparison with the same infection in pigs very little

has ever been published on Erysipelothrix infection of sheep, four

manifestations of the disease have been described:

(1) Valvular endocarditis (Stamp & Watt (19^7) and Schirrer (l97l))

(2) Cutaneous infection (Whitten, Harbour & Allan (19U8)).

(3) Septicaemia (Christiansen (1919)).

(U) Polyarthritis (Poels (1913)).

3.1. Valvular endocarditis associated with E. rhusiopathiae would

appear to be an ■uncommon condition in sheep, certainly not well

documented. One case has been studied histologically by Chineme ,

Slaughte & Highley (1973).

3.2. Cutaneous infection was first reported by Whitten, Harbour & Allan

(19^+8) in sheep which had recently been dipped in an old mixture of BHC/DDT

which did not contain a bacteriostat; erysipeloid lesions around the

coronet and heel were observed. Harbour & Kershaw (19^+9) reported

two similar cases following dipping, Erysipeloid lesions were seen

in older sheep which were depressed, pyrexic and very lame. On a

second farm, lambs died of septicaemia under similar circumstances.



61

(The condition is known as post dipping lanjeness , (Hungerford (1975) ,

and still occurs occasionally a],though it in not often recorded in

the veterinary literature).

3.3. Septicaemia caused by E. rhusiopathiae was originally described

by Christiansen (1919), in Denmark. He encountered the disease in a

flock where it was causing high mortality among the lambs. Cornell

& Glover (1925) in England described a serious outbreak of E.rhusiopathiae

infection in a flock of Dorset Horns. Lambs were dying after an acute

illness lasting 36 - 48 hours. The clinical signs evident were

depression, swelling of joints and marked lameness. Other lambs on

the same farm suffered a similar disease which followed a more chronic

course, the early clinical signs were less severe, the joint lesions

less marked and slower to develop. Some of these lambs made a partial

recovery but many became progressively weaker and died 10 - l4 days after

the appearance of clinical signs. E. rhusiopathiae was isolated from

many tissues and heart blood of even chronic cases.

Gomes (1961) also, described the isolation of the organism from

the bonei marrow, of a sheep which died of septicaemia. E. rhusiopathiae

was isolated from the tissues of a lamb which was concurrently infected

with Bacillus anthracis (Barbosa & Afonso (1965)).

3.4. Polyarthritis . This is the most common and most important

manifestation of E.rhusiopathiae infection of sheep and will be reviewed

in some depth in subsequent sections.

While the clinical syndromes caused by E.rhusiopathiae have been
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classified separately in this review, it has been known for different

manifestations of the infection to occur concurrently in the same animal

or in other animals in the same outbreak.

Endocarditis with polyarthritis was reported by Schirrer (l97l)>

septicaemia and polyarthritis described by Cornell & Glover (1925) and

cutaneous infection with polyarthritis and septicaemia recorded by

Harbour & Kershaw (1949).

4. Polyarthritis as a disease

4.1. Introduction:

The first recorded isolation of E. rhusiopathiae in association

with polyarthritis in lambs was made by Poels (1913). Subsequently

it was isolated from lambs in England (Cornell & Glover (1925)) and

the USA (Ray (1930)). The first description of the disease in the

south east of Scotland was given by Stamp & Watt (1947).

At the present time the organism and the polyarthritic disease

of sheep have been reported from many countries of the world. The

apparent lack of reports of the condition from many of the developing

1 countries possibly reflects a low level of awareness of the condition

rather then indicating unusual epidemiological features which might

make the existence of the condition impossible.

4.2. The Infection

4.2.1.Clinical signs of polyarthritis

4.2.1 (a) Acute:

Where polyarthritis has been accompanied by, if not resulted from
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septicaemia the main clinical signs have been high fever, depression

and marked lameness, as previously described, (Cornell & Glover (1925 ),

Harbour & Kershaw (19^9)).

Other descriptions of the purely arthritic form of the disease have

mentioned depression, difficulty in rising and moving, swelling of joints

due to increased synovial fluid and heat in the affected joints (Schirrer

(1971)). Stamp & Watt (19^7) refer only to lameness and swelling of

joints. This is similar to the description by Marsh (1931) and Marsh

(1933b) of natural and experimental cases where the affected lambs

appeared to have good appetites and otherwise to be in good health.

Lambs were stiff without being recognisably lame in any one joint.

This was particularly true of animals which were later found to have

been affected in more than one leg. A hopping gait was occasionally

noticed in such lambs; Marsh records that swelling of affected joints

was not noticeable without handling and examining the animals closely.

In his account of his attempts to reproduce the disease (Marsh

(1933b)) he noted that in some lambs infected at birth the acute lameness

passed off in a few lambs, only to reappear 5.-6 weeks later as a

chronic lameness. He also records two spontaneous recoveries from

acute polyarthritis among his experimental animals.

Murnane (1938) described a much higher recovery rate from acute

polyarthritis among lambs. He found 75% recovered, 20% became

chronically affected whle 5% died of septicaemia or starvation.

b .2 .1 (b) Chronic:

In spite of these descriptions of spontaneous recovery from acute
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polyarthritis the chronic form of the disease is not uncommon. The

predominant clinical signs are reduced growth rate and lameness ,

(Marsh (1933b) and Mohrn & Utklcv (1970)), while swelling of joints

(Stamp & Watt (19^7)) or deformity of joints (Mohn & Utklev (1970))

are also features of the disease. From the work of Marsh (1933b)

it is clear that the gait of an,affected animal and to some degree

the severity of the lameness are determined by the site of the lesions.

b.2.2.Age of animals affected

The lambs described by Poels (1913) were four months old when

examined but it is not clear how long they had been diseased. In

describing an outbreak in one large flock Marsh (1931) states that

both very young lambs and lambs of about four months of age were

affected. In the two outbreaks described by Stamp & Watt (19^7)

the polyarthritic lambs were either 2-3 days or k - 8 weeks of age.

U.2.3.Morbidity and mortality rates

In the septicaemic outbreak described by Cornell & Glover

(1925) *+0 lambs died and 80 became polyarthritic out of a population

of 250 lambs: (it is not clear from their paper whether the lambs

in these two categories were separate or if some lambs were in both).

One I (1969) records a morbidity rate of 7% and mortality rate of 5%

among the lambs of i860 ewes in a Roumanian flock.

Marsh (l93l) describing an outbreak in a flock of 5,000 ewes

says that "several hundred stiff lambs" were seen. Stamp & Watt

(19^7) noted a morbidity rate of 10% among the lamb crop. While

Mohn & Utklev (1970) counted 550 polyarthritic lambs out of l,96l (28I).
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Schirrer (1971) in the Cote d'Or region of France saw 27 cases of

polyarthritis among the lambs of 300 ewes.

h.2.U.Pathology of Erysipelothrix polyarthritis

b.2.b (a) Gross pathology

Broadly speaking, the gross lesions of the polyarthritic disease

of lambs resemble those described in the porcine disease by Collins &

Goldie (19U0) and Hughes (1955).

The whole carcase may be wasted (Schirrer (1971)), with deformed

joints (Mohn & Utklev (1970)), which can show a degree of ankylosis

(Schirrer (l97l)), although this last feature is not commonly referred

to. Affected joints may also have oedematous joint capsules (Mohn &

Utklev (1970)). On opening affected joints the synovial membrane

is thickened and congested, (Schirrer (l97l))> while the drainage lymph

nodes will be seen to have become enlarged.

k.2.h (b) Microscopic pathology

Cutlip & Cheville (1973) undertook a light and electron microscope

study of normal ovine synovial membrane in preparation for work on the

sequential development of lesions following infection with the agent of

Ovine Chlamydial Polyarthritis (Cutlip & Ramsey (1973)). Their study

revealed that the major elements of tissue are essentially similar to

the same features in normal human synovial tissues.

Only one paper has considered the histopathology of E.rhusiopathiae

polyarthritis in lambs. Tontis, Kftnig, LuginbUhl, Nicolet & GlEttli
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(19TT) describe the histology of naturally occurring polyarthritis

2-5 months after the appearance of clinical signs. These authors

concluded that the morphological changes seen were essentially the

same as those seen in the pig. The changes included proliferation of the

synovial villi and a marked increase in the number of lymphocytes and

plasma cells .

Much has been written on the subject in the pig - both natural and

experimental disease (Collin & Goldie (19^0), Hughes (1955), Sikes ,

Neher & Doyle (1955)) including SPF and gnotobiotic pigs (Ajmal(1971a)).

Experimental infections have been studied in the rat (Renk (1962 ), Ajmal

(1970b) and Sakuma, Yashima, Nitta & Okaniwa (1973)). The rabbit

has also been studied (Goldie & Collins (1956), Ajmal (1971b) as has

the experimental disease in the dog (Goudswaard, Hartmann, Janmaat &

Huisman (1973)).

The work of Schulz, et al. (1975a and 1975b) has shown that the

time scale of the lesions' development varies somewhat depending on

the species studied, but while various aspects of the pathogenesis are

in dispute there is a certain amount of conformity in the description

of the histological appearance of the arthritic lesions in all the

species studied.

The progressive nature of the disease naturally brings about a

change in the microscopic appearance of the lesions with respect to

time. When the infection has been present for some days the obvious

features are the fibrin exudate in the connective, tissues and joint space,
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neutrophil polymorph infiltration of synovial membrane, inflammatory

oedema of the synovial tissue and increased vascularity of the synovial

tissue and joint capsule. The turbid appearance of the synovial

fluid can be seen to be due to the fibrin exudate and increased

cellular content - mainly neutrophil polymorphs - of the fluid.

In addition Ajmal (1970b) particularly records desquamation of the

synovial membrane as a feature of the early disease in the rat.'

Other features include proliferation of the synovial villi,

proliferation of the cells of the synovial membrane and occasionally

visible clumps of bacteria in the deeper tissues (Collins & Goldie

(19^0)). In the subsynovial tissues perivascular infiltration by

neutrophil polymorphs occurs.

As the disease progresses into weeks, the synovial fluid becomes

more cellular and the neutrophil polymorph component of-the cell content

begins to decline relatively as the mononuclear cells begin to appear

- lymphocytes macrophages and some desquamated synovial cells. In

the synovial membrane the oedema is less noticeable and the cell
v

content begins to increase. Neutrophil polymorphs still form the

major component but lymphocytes, macrophages, plasma cell and

eosinophils begin to appear especially around small blood vessels.

The villi continue to proliferate as a result of increase in lining

cell'numbers, formation of highly vascular connective tissue and

aggregations of lymphocytes and plasma cells. According to Collins

& C-oldie (19I+O) these aggregations are not perivascular in the

villi.
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In the transition zone of the membrane hypertrophy of the fibrous

stroma and proliferation of the perichondrium begins to give rise to

pannus (Jubb & Kennedy (1970)).

As the time moves into months the lesions have a definite

proliferative appearance. Synovial villi can be seen to have

increased in size and complexity. Because of their numerous'

branchings and thickenings they are often described as resembling

multiple granulomatous polyphs. An essential feature of these

villi are the dense aggregations of lymphocytes and plasma cells,

described in the earlier stages. By this time they resemble

lymphoid follicles although Collins & Goldie (19^0) point out that

although they might be reminiscent of the cell aggregations in lymph

nodes, no germinal centres are apparent. Neutrophil

polymorphs are not as common in the tissues as in the earlier lesions

but may still be visible. Minute suppurative foci with local loss

of synovial lining cells are described, again by Collins & Goldie

(19^0), the small ulcers of the membrane being filled with fibrinous

exudate and neutrophil polymorphs.
v

By this time the articular surfaces are likely to be showing

distinct signs of gross and microscopic damage. Of the species

studied, the rat appeared to show more signs of articular damage and

replacement of the cartilage by granulation tissue than other species.

The subchondral bone may be affected, fibrosis of the marrow spaces,

increased vascularity and focal collection of lymphocytes are among the

features mentioned. Intra-articular fibrous adhesions may form as a
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result of pannus activity with the possible effect of limiting the

range of joint movement. Fibrous tissue is laid down in many of

the synovial structures particularly the joint capsule.

In the experimental pig disease Collins & Goldie (19UO) describe

irregular periosteal ossification and occasional epiphyseal damage

with collapse. Sikes, Neher & Doyle (1955) also refer to oseto-

phyte formation leading to ankylosis.

Lesions of small arterioles are seen in septicaemic erysipelas

infection (Schulz, B£5hm & Klopper (1971)). Endothelial swelling and

hyaline degenration of the Tunica media of pig arterioles in synovial

tissue are similarly described by Hughes (1955). It would however

appear that in the rat such lesions are restricted to arterioles

greater than 100 p in diameter (Sakuma, Doi, Okawa & Okinawa (1975)).

Healing and some degree of resolution can of course take place.

Timoney & Berman (1970) classified joints as acutely disease, healing

or healed. Collins & Goldie (19^0) also give descriptions of joints

considered to have recovered from infection.

Sikes, Neher & Doyle (1955) observed that joints which were

previously thought to be clinically affected and which appeared to

recover might show no gross or microscopic lesions. Certainly it is

known that limited repair and regeneration can be effected by synovial

tissue as a result of metaplasia of mesenchymal elements within the

joint (Stravino (1972)).
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Recovered or recovering joints would appear to have a much reduced

celluiarity although the villi may still be highly vascular with much

granulation tissue and fibrous tissue being laid down. Hughes (1955)

and Collins & C-older (1940) in particular draw attention to the peri¬

vascular deposition of the fibrous tissue around arterioles which have

suffered obliterative changes .

It was felt by Ajmal (1970b) that in the rat bacteriologically

positive and negative joints differed in a few respects, the latter

being drier with less exudate and fewer neutrophil polymorphs. This

does not agree with the contention of Hughes (1955) that in the pig,

no clear difference could be seen to exist between joints yielding

E. rhusiopathiae on culture and those failing to do so.

4.3. Factors affecting the establishment of infection

4.3.1.Routes of infection

Cornell 8c Glover (1925) were able to reproduce the disease they

were studying by infecting lambs subcutaneously with live broth culture,

in one case infection was established after repeated oral infection.
v

In an attempt to mimic what they thought were possible natural

routes Hopkirk & Gill (1930) inoculated the umbilical cords of newborn

lambs and docking wounds of older lambs with cultures of E.rhusiopathiae -

both challenge routes were successful. Howarth (1933) had similar

success inoculating castration and docking wounds of lambs. He also

found intravenous challenge effective.
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Having already found these routes effective, Marsh (1933b)

attempted to carry the reproduction of natural conditions further by

sprinkling straw bedding with broth culture ana allowing freshly
/

castrated or docked lambs to remain in the infected pens. His

efforts were successful, docking wounds appearing to allow a slightly

higher rate of infection.
^

Application of live organisms to fresh wounds was confirmed'

by Murnane (1938) as a means of infecting lambs, in addition

conjunctival infection brought about polyarthritis in 3 out of 5
-■#*

lambs inoculated.

The post-dipping lameness of sheep described by Whitten,

Harbour & Allen (19^8) and Harbour & Kershaw (19^9) was thought to

have arisen following invasion of E.rhusiopathiae through minor

abrasions on the skin surface.

Experimentally Munday & Sharman (1965) and Piercy (197^+) observed

pyrexia in lambs following intradermal injection of live organisms.

In 1 out of U normally suckled lambs Piercy also records the

occurrence of a bacteraemia.

In the pig a similar wide variety of routes of infection have been

used successfully, (Shuman & Wood (1970)). ' In addition to the routes

of infection described above such as intravenous, intradermal,

conjunctival or subcutaneous inoculation other routes not attempted

in sheep have been described.
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Fortner & Dinter (19W) showed that skin scarification followed

by application of live organisms could bring about the local or

generalised signs of Swine Erysipelas. Intramuscular injection

has also been shown to be effective by Wood (1967) and Michalka (1939)

found that intraperitoneal injection could be used successfully.

Several pieces of work have shown the likely importance of

fomites in spreading the pig disease. Wellmann (19^9) showed that

Stomoxys calcitrans could cause a local lesion in pigs if allowed

to bite them after being in contact with infected material. Later

Wellmann (1955&) showed that Musca domestica which had fed on

cultures of E.rhusiopathiae could then infect pigs whose skin had

been scarified over a small area.

The slap tattoo instrument was shown by Harrington (1973) to

be capable of spreading the infection among pigs.

In connection with the experimental reproduction of polyarthritis

in pigs Rowsell (1955) observed that intravenous challenge tends to

cause more joints to be infected than challenge by other routes.

b.3.2.Number of organisms necessary to establish infection

Most of the earlier work done on Erysipelothrix infection in

pigs and sheep does not specify how many viable organisms were used in

the inocula. Nor is it clear from later work whether the infecting

doses used represent minimal infective doses.
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O

Hughes (1955) used repeated injections of 15-60 x 10 organisms

in 5 ml of culture to produce polyarthritis in pigs. Timoney &

Berman (1970} working with vaccinated pigs used 2 x 10 bacteria

washed twice in phosphate buffered saline to bring about the same

effect. Ajmal (1971) was successful after injecting 5.3 x 10^
organisms into SPF pigs. BBhm & Trautwein (197*0 > (personal

. v . . . 6
communication) intimated that m SPF pigs 10 organisms are

sufficient to produce erysipelas in pigs leading to the development

of chronic polyarthritis when given by intravenous injection.

Little quantifiable data is available frcmsheep but it is

known that Piercy (197*0 caused pyrexia in *+ lambs injected intra-
S 6

dermally with 8 x lO5 or 10 organisms.

Mice of course, have been infected experimentally, Truszczynski

(1961) mentions the use of 1+ or 8 organisms of one strain representing

5-10 LD 50 (sic) .

BBhm (l97**d) in his summary of 28 experiments on pigs states

that the route of infection and dose of the challenge do not influence

the outcome as much as other factors such as immune status, age of

subject virulence of the infecting strain.

**.3.3. Natural immunity against E, rhusiopathiae

**.3.3.(a) Active Immunity

Although Marsh (1933b) knew that it was possible for sheep to

have agglutinin titres in the absence of clinical signs he did not
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(1955b) however, felt that subclinical infeciton by strains of low

pathogenicity for pigs could explain the titres he obtained by the

Haemaggl'utination Inhibition test and Wachs turns probe (Growth

Inhibition test) in healthy pigs.

Shuman (1951) has shown that pigs which had been inoculated by

scarification with live organisms become resistant to rechallenge

from two weeks up to a year later. The correlation of the results

of scarification tests with three serological tests - the Haemagglutin-

ation Inhibition test, serum agglutination test and Wachstumsprobe was

high enough for Wellman & Heuner (1959) to be able to predict a pig's

immunity to the skin scarification infection route of Fortner & Dinter

(19^) by using the tests on the sera.

In the same year Lozano, Jones & Parker (1959) applied their

Erysipelas Serum Culture Agglutination test (ESCA) to 300 sera from

pigs which were then challenged by skin scarification. There was a

90% correlation between titre and resistance to challenge. Pigs

with serum titres of ±% or less were considered(immune and 5% to 1%

partially immune. Kucsera (i960) applied his modification of

the Wachsturnsprobe (Wellmann (1955b)) to the sera of 73 unvaccinated

supposedly susceptible pigs, aged 3 - ^ months, From his experience

with vaccinated pigs he developed these standards:- immune less than

5%, partially immune 7.5 to 5?. Of his 73 pigs 6J had titres of

greater 1thanl0% while the remaining six had titres of 5%
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The skin scarification method for testing was recommended by

Wellmann (l966) because it allowed partially immune animals to be

detected by the appearance of local lesions at the infecting site.

1+.3.3. (b) Colostrum derived immunity

Wellmann, Liebke & Engel (1962) showed that the Erysipelas

antibody concentration of sow's milk was greater than that of the

blood, he also demonstrated that this antibody could reach the

piglet's bloodstream after suckling. Wellmann, Liebke & Engel

(1962) found that the high levels of Erysipelas antibody in

colostrum fell rapidly in the few days after birth but some were

detectable for up to 8 weeks post parturn. They also found that the

piglet's ability to absorb colostral antibody which was so great at

2b hours decreased rapidly, although some absorption could still

occur up to 120 hours after birth. By using skin scarification

challenge Wellmann (1967) was able to demonstrate some immunity and

the presence of low levels of colostral antibody in pigs at 12 weeks

of age.

The effect of passively acquired antibody on the piglet's

own ability to develop active immunity was investigated by Wellmann

& Liebke (i960). Colostrum deprived piglets inoculated by

scarification at 2 - b days old developed serologically detectable

titres by the second week of life compared with passively immune

piglets which did not develop titres until 3 - ^ weeks of age.

However this latter group had a better resistance to challenge at

20 - 90 days. The significance of these findings is not clarified

by the later assertion by Wellman (1967) that colostrally derived
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the piglet.

The work of Piercy (197*0 clearly demonstrates that naturally

acquired immunity against E.rhusiopathiae can be passed on to the

lamb through the ewe's colostrum. Four colostrum deprived lambs

of 7 days of age suffered bacteraemia following intradermal injection

of two organisms. In contrast three out of four normal suckled

lambs were able to localise the bacteria to the skin of the injection

site and the drainage lymph nodes.

h. 3.U . Effects of management -practices

In spite of all the anecdotal evidence which links Erysipelothrix

infection in sheep to intensive stocking regimes there are no reports

•in the literature which clearly show this relationship

Careful attention to umbilical wounds of newborn lambs were

suggested by Marsh (1933b) as a means of preventing infection. He

and other authors (Hopkirk & Gill (1930) and Howarth (1933)) had also

shown that docking and castration wounds were a possible route of

infection and that more attention to hygiene during these procedures

might be beneficial.

The use of old sheep dip mixtures has (Whitten, Harbour & Allen

(19^8)), been the cause of post dipping lameness.
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5. Piagnosis:

5.1. Clinical diagnosis

Little has been written about the clinical diagnosis of

Erysipelothrix polyarthritis of sheep. Textbooks (Blood &

Henderson (1968), and Hungerford (1975)) have drawn on sources

quoted in Sections 1+.2.1, k.2.2. and U.3.^. in their reference

to the subject.

5.2. Bacteriological diagnosis

5.2.1. Cultural requirements

The cultural requirements of E.rhusiopathiae have been reviewed

and studied by various authors. (Karlson & Merchant (19^1), Woodbine

(1950), Connell Moynihan & Frank (1952) and Wilson & Miles (1975) and

recorded by Langford & Hansen (1957) in"Bergey's manual of

Determinative Bacteriology" 7th edition).

The organism may be cultured on a wide range of laboratory media

commonly in routine use. It is generally accepted that the organisms

will grow easily if not luxuriartLy on most media with the exception of

potato. (Karlson & Merchant (l9^l)); the presence of serum, blood and

to a lesser extent, glucose is known to enhance growth (Barber (1939)).

The presence of Tween 80 in troth cultures has been shown to increase

the number of colony forming units (c.f.u.) (Ando, Moriya & Kuwahara

(1959)). This probably was due to the surface active properties

of that agent in breaking up clumps of bacteria and did not represent a

true increase in bacterial growth as suggested by the authors.
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5.2.2. Methods

5.2.2. (a) General:

Cultural examination of ovine synovial fluid obtained from

the live animal is frequently carried out but the methods and success

of the investigators have not been well documented. Post mortem

examination of samples of synovial fluid from the arthritic joints of

lambs and sheep has been described by various authors, (Poels

(1913), Cornell & Glover (1925), Ray (1930), Howarth (1933),- Schirrer

(l97l) and Kaferstein, Ekdahl & Almand (1972)) who have all been able

to isolate E.rhusiopathiae from, at least some of the affected joints

examined.

The relative ease with which the bacteria may be cultured has

allowed various workers to use a wide range of routine laboratory

techniques and media. A review of these methods will not be

attempted here, instead some consideration will be given to the

development and use of selective media and techniques which have been

applied to the isolation of E.rhusiopathiae.

5.2.2. (b) Selective methods

Although these methods were primarily intended for use with

contaminated material such as faeces, soil or tonsillar tissue they

have on occasion been used to aid the isolation of the organism •

from joints.

Packer (19U3) produced a solid medium containing crystal violet
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and sodium azide which selectively supported the growth of

Erysipelothrix and Streptococci.

By allowing inoculated Tryptone glucose extract broth to remain

several days in the refrigerator before inoculation and incubation on

Packer's medium (Packer (19^3) and Connell & Langford (1953)) were

able to isolate E. rhusiopathiae from porcine tonsillar material.

Rowsell (1958) used similar techniques but extended the pre-incubation

period at 5°C to four weeks.

In a comparison of cultural methods for the recovery of the

organism from procine bone marrow, Spears (195^) found that incubation

in a liquid medium containing crystal violet and sodium azide

followed by plating on blood agar, was better than direct plating,

direct mouse inoculation and better than pre-incubation in selective

broth followed by mouse inoculation. Hashimoto, Yoshida & Sugawara

(1977) also found that enrichment techniques were superior to mouse

inoculation. Wood (1965) developed a selective broth medium which

was intended for culturing soil and faecal samples. The medium

contained the antibiotics Kanamycin, Neomycin and Vancomycin.

BBhm (1971) developed a solid and liquid selective medium, the

latter containing Kanamycin, crystal violet, sodium azide and liquefied

phenol. (McCulloch & Fuller (19U1) had shown that phenol was only

moderately inhibitory against B.rhusio-pathiae.) The solid medium

allowed the growth of Streptococci as well as Erysipelothrix but the
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incorporation of a dye in the medium allows differentiation of the

colonies.

Harrington & Hulse (1971) compared two plate media for the

isolation of Erysipelothrix from Wood's "broth. One plate was

Packer's medium (Packer (19^-3)) the other a modified "blood agar

azide (MBA) without crystal violet. The MBA allowed colonies'to

be seen at 2b hour incubation whereas Packer's medium required U8

hours. However 7% of the MBA plates considered negative at 2b

hours were positive at *+8 hours.

5.2.2. (c) Fluorescent antibody methods

A comparison of methods for detection of the organism in Wood's

broth was undertaken by Harrington, Wood & Hulse (197*0 "who compared

rates of detection by two methods:

(a) subculture on to modified blood agar azide and

(b) fluorescent antibody technique.

The culture method was found to detect more isolates than the

fluorescent method but the latter did show up a relatively large

number which the culture technique missed. Failure to detect

organisms in the broth by fluorescent method was not attributable to

serotype differences.

The fluorescent antibody technique had first been applied to

E. rhusiopathiae by Dacres & Groth (1959) who applied it to smears
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made of the organism. In the same year Marshall, Eveland & Smith

(1959) demonstrated the stability of the Erysipelothrix antigens during

section preparation and were able to use the technique on deparaffinised

sections of infected tissues. Since then the technique has been used

by various authors to demonstrate Erysipelothrix antigens in tissues.

Seidler, Trautwein & B8hm (l97l) used an indirect method with tissues

of mice, rats and pigs. Heggers, Buddington & McAllister (197*0

used the technique to diagnose Erysipelothrix endocarditis, -post

mortem in a human.

5.2.3. Likelihood of isolation of E.rhusiopathiae from an arthritic

.joint

Quite early in the history of Erysipelas, Ward (1922) noticed

that many arthritic pig joints did not yield E. rhusiopathiae on

culture. This phenomenon has been observed and remarked upon by

various authors and cannot wholly be attributed to poor techniques

nor to other aetiological agents. The table shows isolation rates

of E, rhusiopathiae from arthritic joints achieved by various

workers.
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TABLE 23

Year Authors Species No. of

joints
examined

Number

positive
Percentage
Positive

1930 Ray Ovine 20 10 50

19 Hi Grey, Osteen &
Schoening

Porcine H72 357 76

1952 Connell, Moynihan
& Frank

Porcine H58 167 36

195H Wellmann Porcine 35 23 66

1955 Hughes Porcine 110 52 H7

1966 Nielsen Porcine 231 16b 71

1969 Ajmal Porcine 182 3b 19

1971 Tittiger 8c Alexander Porcine H87 83 17

1972 B8hm & Bisping Porcine 2H5 116 bl

1972 Kaferstein, Ekdahl
& Almand

Ovine 52 21 bQ

The frequently low rates of isolation of E.rhusiopathiae from

arthritic porcine joints and the reputed difficulty of experimentally

reproducing the disease tempted Doyle (1951) to suggest that

E. rhusiopathiae might not he the cause of what he called Rheumatic

or Rheumatoid arthritis of swine. This assertion was heavily

criticised by Hughes (1955) who drew attention to the work of Collins

& Goldie (19^0) and pointed out that in his own work bacteriologically

negative joints were not always demonstrably different in other respects

from joints which yielded E. rhusiopathiae on culture

In pigs, Collins 8c Goldie (19UO) showed that the likelihood of

isolation of the organism from a joint declined with the advancing age

of the lesion. The work of Hughes (1955)3 who isolated E.rhusiopathiae
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from the joints of experimentally infected pigs 83 weeks after infection

"but was unable to do so from pigs 86 and 90 weeks after infection,

illustrates this point. Nielsen (1966), also working with experimental

pigs, pointed out the inverse relationship which exists between rate

of isolation and duratiom of the disease.

This relationship would also seem to exist in the ovine poly-

arthritic disease. Kaferstein, Ekdahl & Almand (1972) found that

Lhe frequency ox' xtiolivLxon of Lhe ox'gfuxxuiit from »u*l,liri. Lie ,jo» uLit

decreased as the age of the sheep carcase increased.

Most of these authors have of course not used any methods - such

as serological tests, for checking the aetiology of bacteriologically

negative joints. Nor have most included any histology which might

allow them to evaluate the lesions. Timoney & Berman (1970)

working with 10 experimentally infected pigs serially slaughtered,

recorded 73 joints bearing synovial lesions, classified on the basis

of histological appearance. Forty-nine joints were considered

healed, 21 healing and only 3 actively inflamed. E. rhusiopathiae

was recovered from 2 out of the 3 active joints and not from other

joints. Collins & Goldie (19^0) similarly observed joint lesions

they considered to be in the process of healing.

Ajmal (1969), commenting on his work, suggested that failure

to isolate Erysipelothrix from arthritic pig joints could be due to

two reasons:



(1) techniques may not he sufficiently sensitive to detect the

organism if it were only present in small numbers.

(2) the bacteria may have lost all or part of their cell walls

to become L-form variants.

That this latter suggestion may be a possibility has been shown by

Roberts & Little (1971) who isolated the organism in this form from

the "sterile" joint of a 2k week old lamb. The significance of these

variants in the pathogenesis of chronic polyarthritis will be discussed

in a later section (6).

5.2.k. Identification of E.rhusiopathiae

The identification of the organism on the basis of its biochemical

properties, particularly its ability to ferment certain carbohydrates

has been the focus of some disagreement. Karlson & Merchant (19^-1)

reviewed more than a dozen papers describing fermentation reactions

and found agreement on just two points, namely:--

(1) fermentation results in the production of acid without gas

(2) glucose and lactose are generally fermented by most strains.

Their review highlights the lack of concensus concerning the

effect on other fermentable substances. Their own study of 60

strains indicated that whereas all strains fermented, without ga3,

glucose, lactose, d - laevulose and galactose within ^8 hours some

strains brought about pH changes in some of the other sugars.

Woodbine (1950) in his reveiw also draws attention to the variation

in fermentation characteristics reported. Wix & Woodbine (1955)

studied strains and found their results to be generally in agreement
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with those of Karlson & Merchant (19U1).

In a study of 22 strains White & Shuman (1961) observed the

effects produced in lU fermentable substances. By using 1+ basal

media to which the fermentable substances were added,they also

included a study of the effect the basal medium had on the result.

They argued that while interstrain variation most certainly exis.ted,

the basal medium had the most significant influence on the ability

of the strains to ferment certain substances. The authors

finally concluded with the warning that any future work describing

the variations between strains of E.rhusiopathiae must include

the fullest possible details of basal media -used to allow valid

comparison by other workers. A subsidiary conclusion of the work

was that chemical indicators in the medium were the most effective

means of detecting changes in pH.

5.3. Serological diagnosis

5.3.1. Methods

5.3.1. (a) Agglutination methods:
v

Agglutination tests have been devised for use in the diagnosis of

Swine Erysipelas by Schoening, Creech & Grey (1932); Karlson &

McNutt (1939) and Collins & Goldie (19^0). The method has also

been used by Marsh (1933b) for the diagnosis of Erysipelothrix

1 polyarthritis of lambs.

The difficulty of preparing a stable antigen for use in the test
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was mentioned by Breed (1932) who was unable to develop a satisfactory

test because the antigen was subject to spontaneous agglutination.

Rice, Connell, Byrne & Boulanger (1952) were able to develop an

agglutination test but also alluded to the frequent instability of

the antigen.

By using formalinised broth as the antigen diluent Heuner -(1957)

managed to produce a stable antigen. In the method devised by

Sikes (1965), the antigen was thought to remain stable for up to

eight weeks (Sikes & Tumlin (1967)).

Schaaf & Kramer-Zeeuw (1968) produced an antigen from a selected

strain of E.rhusiopathiae which could remain stable for up to 12

months.

More recently B8hm (l97^b) has modified the method of Heuner

(1957) so that the test can be carried out in W.H.O. plates instead

of tubes .

5.3.1. (b) Precipitation methods

Although precipitation methods have been used to serotype

Erysipelothrix strains their use in serological diagnosis of the

disease is not well documented.

Nielsen (1969) used a micro-Ouchterlony double diffusion method

which he claimed was semiquantitative in that it was only positive
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for sera from arthritic animals. Miiller & Seidler (1975) also

•used a gel diffusion method to show the presence of circulating

antibody against broth containing live organisms.

5.3.1. (c) Growth inhibition methods

Wellmann (1955b) described his "Wachs turns,probe" or growth

inhibition test which he used as a diagnosis aid in pigs. The*

same method was used by Heuner (1957) who attempted to clarify

the reading of the test. Kucsera (i960) also tried the technique but

used different agents to sterilise the test sera.

Lozano, Jones & Parker (1959) introduced the Erysipelas

Serum Culture Agglutination test (ESCA) which is essentially similar

to the Wachsturnsprobe of Wellmann (1955b).

B8hm (197to) in attempting to simplify the process of the

Wachstumsprobe, added phenol to the broth to inhibit contaminants.

In doing so he was criticised by Wellmann (197*0 who felt that his

own use of filtered serum allowed greater sensitivity in the test.

The problem of contamination when the test is carried out under

non sterile conditions was tackled by Muramatsu, Hashimoto & Sugawara

(1972) by the addition of the antibiotics Kananycin, Neomycin and

Vancomycin to the broth.
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5.3.1. (d) Methods using erythrocytes

5.3.1. (d) (i) Passive Haeiaagglutination

In the passive haemagglutination assay of Poole & Counter

(1973) soluble antigen is adsorbed on the surface of the cells as

reported by Keogh, North & Warburton (19U8). The authors claim'

that this test does not rely on 2 - mercaptoethanol sensitive

antibodies for its action and is therefore able to measure IgA

as found in Swine neonatal antibody.

5.3.1. (d) (ii) Haemagglutination Inhibition

Dinter (19^8) observed that certain strains of E.rhusiopathiae

were capable of haemagglutinating fowl erythrocytes in the same

manner as Influenza viruses. He also took note of the capacity of

immune sera to inhibit this effect quantitatively and showed the

specificity of the reaction. The specificity of the test was

confirmed by Dinter (19^9) and- the test later used by Wellmann (1955b)

and Heuner (1957).

5.3.1. (e) Neuraminidase - neutralising test

The discovery of Miiller & B8hm (1973) that all of 203 strains

tested were able to produce neuraminidase, led Miiller & Seidler (1975)

to develop a biochemical neuraminidase - neutralising test capable

of detecting neuraminidase neutralising antibodies in the sera of

immune pigs.
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5.3.2. Development of serologically detectable titres following infection

Six out of eight pigs developed, significant agglutinin titres

3-6 days post infection according to Schoening & Creech (1935).

While piglets deprived of colostrum and scarified with Erysipelothrix

at 2 - h days of age developed titres in the second week of life.

(Wellmann & Liehke (i960)).

Wellmann & Heuner (1959) noted that agglutinin production in the

young pig following challenge was influenced "by age, degree of passive

immunity and route of infection. It was also possible for an animal

to develop no titre after infection and then to experience a rapid

rise following reinfection which might otherwise be inapparent.

Marsh (1933b) recorded the results of agglutination tests

carried out on sera from lambs of varying ages experimentally infected

with the organism by different routes. Although none of the lambs

was sampled sooner than three weeks after infection the results

indicated a wide range in individual response. Some were positive

2b days after infection while others remained negative. Such were

the variations that Marsh did not offer any explanation.

Collins & Goldie (19^0) working with pigs also recorded this

occasional failure to develop detectable titre in spite of the

presence of active infection.
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5.3.3. Interpretation of serological titres

Direct comparison of the work of different authors on the

subject of serology cannot be made because of the variations in

antigen, strain and density. Nevertheless certain limited

comparisons can be made on the interpretations of serological

titres. Many authors have recorded the fact that apparently

healthy sheep and pigs can have serological titres which are

higher than those which coul'd be explained in terms of non-specific

mechanisms. In view of this Marsh (1933b) considered that diagnosis

of Erysipelothrix polyarthritis in lambs could only be made where

the agglutinin titres exceeded 1/100.

In their review of the use of the agglutination test, Schoening

& Creech (1936) concluded that the test was best used as a herd test

rather than as on absolute diagnostic method for the individual pig,

possibly because of the same phenomenom described by Collins & Goldie

(19^0) and referred to above.

Agglutinin titres of arthritic pigs were well separated from
v

background titres, according to Nielsen (1969). In the other method

he used - the Micro Ouchterlony technique - only sera from arthritic

pigs had precipitating antibody titres high enough to cause visible

precipitation in the gel, by this means the diagnostic method was

simplified.

B8hm (l9T^c) presented a scheme for the interpretation of
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and work on 1200 pigs. One of his conclusions was that the

Wachstumsprobe was superior to the agglutination test in the

diagnosis of Swine Erysipelas except in recently treated cases.

While the authors have attempted to maintain standard strains

throughout their tests Nielsen (1969) has shown that agglutinin,

titres measured in pigs were independent of the strain of bacteria

used.

6. Aspects of the pathogenesis of Brysipelothrix polyarthritis

The work of Piercy (1971) has introduced into the zone of

sheep polyarthritis research the same issue, concerning the role of

hypersensitivity, (particularly when induced by vaccination) as a

factor in the initiation and maintenance of the arthritic lesions,

which is so widely debated in other species.

It is known that E, rhusiopathiae has been isolated from pig

joints in which the infection has been present for a very long time -

83 weeks post infection by Hughes (1955) and 7/9 joints at 60 weeks

by Shuman (1959). In the presence of such continuing infection

the cause of the progressive lesions may simply be the live organisms

themselves.

However, it is clear from an earlier section of this review

that the likelihood of isolation of the bacteria from arthritic joints
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falls far short of complete certainty. Allowing for the variation

in isolation rates quoted by different authors there would appear to

be a considerable proportion of joints from which the live organism

cannot be isolated by conventional bacteriological techniques.

Collins & Goldie (19^0) indicated two possible outcomes for a

joint which had become apparently sterile:

(1) resolution and healing

(2) the lesions might progress after the fashion of a benign

neoplasm.

These workers felt that a state of hypersensitivity was not

necessary for the initiation of the arthritic lesions since they were

able to induce polyarthritis in pigs by single injections of live

bacteria.

Neher, Swenson, Doyle & Sikes (1958) claimed that in experiments

carried out in pigs, vaccinated animals suffered a higher incidence of

arthritis than their non-vaccinated controls. Challenges were by

intravenous inoculation or contact with infected pigs. From the

results it is clear that vaccinated pigs were better protected against

the general systemic effects of the disease. It was the higher

death rate among non-vaccinated controls that led Sokoloff (i960)

to criticise this work because he felt that the pigs which had died

would obviously not be alive to suffer chronic polyarthritis. To

his mind the higher death rate among the controls invalidated the

conclusion drawn from the experiments relating vaccination to increased
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incidence of acute and chronic polyarthritis.

Close examination of the data of the experiments does not lend

overwhelming support to Sokoloff's criticism, however in view of the

implication of the work of Neher et al. (1958) it is regrettable

that the control groups were not larger. It is also of some signifi¬

cance that both groups - vaccinated and non-vaccinated were less well

protected when the challenge was given intravenously, compared with

the animals exposed only by contact.

There is little doubt that a state of hypersensitivity can

exist in Swine Erysipelas this has been shown by the delayed response

to intradermal injection of ultrasonicated antigens, (BBhm & Trautwein

(1972)). This hypersensitivity which can be transferred to other

pigs by intravenous injections of lymphocytes from sensitised pigs

(Seidler, Trautwein & B8hm (1972)) has been found to resemble the

Type IV (Roitt (197*0 )> hypersensitive state seen in the tuberculin

reaction. (Trautwein, BBhm & Seidler (1972)).

It is the role of this hypersensitive state in the pathogenesis

of the disease which is still contested. Freeman, Segre & Berman

(196b) sensitised pigs with non-viable antigens and followed this by

challenge with live organisms. It could be argued that the pathological

changes which the authors claimed to have induced were entirely due to

the effects of the live bacteria. A further experiment (Freeman &

Berman (196*+)) this time employed only non-viable Erysipelothrix

antigens. Arthritic lesions and valve lesions seen in the



9 k

experimental pigs, were claimed to provide evidence for the role of

hypersensitivity in the pathogenesis of polyarthritis. Shuman, Wood

& Monlux (1965b) carried out similar work "but found no evidence that

non-viable material could induce arthritis in sensitised pigs.

B8hm, Franke, Messow, Schulz, Trautwein & Weiland (1975) conducted

three experiments one of which was designed to repeat the work of

Freeman & Berman (196H). They could find no evidence to support

the view that allergy played any part in the pathogenesis of the

lesions of Erysipelothrix polyarthritis.

Freeman (19^9 and. 196Ub) claimed to have demonstrated that a

higher rate of polyarthritis developed in vaccinated pigs following

challenge with intravenously injected live bacteria than in the

unvaccinated controls. His experiments were carried out in

conventional pigs and the appearance of arthritic lesions in the

negative control group tends to detract from the force of his argu¬

ments . His xose of statistical analyses in support of his

conclusion must also be criticised strongly for comparison, by analysis

of variance, populations not strictly comparable with one another.

In his analyses results from experimental groups of pigs challenged

by contact only are included with groups challenged by intravenous

injection of live bacteria. The resulting analyses show, naturally

enough, a highly significant difference between groups> Removal

of these contact groups from the analyses, leaving the comparison of

vaccinated and unvaccinated populations to be studied,.reveals that there

is in fact no significant difference between the vaccinated and

unvaccinated groups in the numbers of joints affected nor in the
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severity of the lesions.

Wellmann, Thai & Grabell (1965) and Grabell, Hansen, Thai &

Wellmann (1965) attempted to reproduce Erysipelothrix polyarthritis

in rats with sterile antigens and felt they were unable to claim that

hypersensitivity played a part in the pathogenesis of polyarthritis.

They criticised the work of Freeman (196U) and Freeman and Berman

(196U) heavily and suggested that the pathogenesis of the disease

in the pig might be considered purely in terms of infection with live

organisms. However some of their criticism was inaccurate (in

connection with the presence or absence of antibody titres), and since

they worked with an experimental system which used sub cutaneous injection

of dead antigens as opposed to the intra-articular injections of

Freeman & Berman (196U), their suggestion that hypersensitivity

cannot be important in the pig is not based on repetition of the

work they criticised.

Ajmal (1971a) has successfully produced arthritic lesions in

gnotobiotic pi® following intra-articular injection of non viable

E.rhusiopathiae. In the companion papertAjmal (1971b) he describes

an experiment in which arthritic lesions were produced in rabbits by

intra-articular injection of sterile antigens. He felt that the

lesions seen in presensitised rabbits, which had been given injections

of Erysipelothrix antigens in Freund's complete adjuvant, were more

severe than in non-sensitised animals.

White & Puis (1969) were able to produce polyarthritic lesions
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in rabbits following injections of an active extracted soluble antigen

of E.rhusiopathiae, the components of which had been characterised in

a previous paper White & Kalf (1961).

An interesting development of this work is described by

Hargrave (197^) and White, Puis & Hargrave (1975). Various features

of the polyarthritic lesions in the rabbit were reproduced by

injections of the separate components of the crude antigen.

Ajmal (1970a) in his review of chronic proliferative arthritis

of swine outlined some of the conditions necessary for hypersensitivity

to be a factor in the pathogenesis of the disease. It would appear

from subsequent experiments with sensitised rabbits (Ajmal (1971b))

that it is possible to produce arthritic lesions by inoculating

sterile antigens, thus fulfilling one of his conditions.

Btthm (l97^a) was of the opinion that because so few accounts of

work done on the subject could stand up to critical evaluation,

the question of whether vaccination as practised in the field was

connected to any increased prevalence of .arthritis would have to be

considered still unanswered.

Erysipelothrix polyarthritis of swine has commanded a great deal

of attention from research workers not only as an economically

important disease in its own right but also because it would appear to

offer itself as a model for the study of Rheumatoid disease of man.

Further consideration of this topic is however beyond the scope of this
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review. Many of the salient points are discussed ty Ajmal (1970a).

In considering the pathogenesis of Eiysipelothrix polyarthritis

it has been shown that there are conditions under which sterile

antigens have reproduced the lesions of arthritis but much of the work

has been carried out using sensitisation regimes (White & Puis (1969)),

powerful adjuvants (Ajmal (1971b)) and intra-articular injections

(Piercy (l97l) and Ajmal (1971b). Not enough is known of the natural

route of infection or quantity of antigen present in a naturally

infected joint to be certain whether these procedures are fair imitators

of factors in the natural host-parasite relationship.

The protective effects of immunity begin at the skin's surface

in the case of intradermal injection, as was shown in the work of Piercy

(197*0. Perhaps in the natural disease it is the protective effects

in tissues at portals of entry, occurring in areas remote from joints

which are in fact of greater significance in limiting the ravages of

the infection than hypersensitivity is in promoting them.

There is gradually emerging a body of evidence to suggest that

E.rhusiopathiae may be capable of surviving in arthritic joints as L-phase

organisms. Roberts & Little (1971) recovered the bacteria in such a

form from a synovial fluid sample from a sheep. It is known that L-

forms of E.rhusiopathiae can be induced by growing the organism in

presence of penicillin (Pachas & Currid (197*0). More recently

Toshkov, Mihailov, Cherepova & Gulubov (1975) have shown that the

organism can survive for up to 15 months in arthritic rat joints as
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L-forms retaining many of the normal antigens. (The bacterial form

was isolated for up to 30 days after infection and the L-form thereafter.)

Cruickshank, Duguid, Marmion & Swain (1973) consider that up to

the time of writing L-forms could only be regarded as laboratory

phenomena -unlikely to be capable of playing a pathogenic role. More

recently, work such as that done with Staphylococcus L-forms by Linne-

mann, Watanakunakorn & Bakie (197*0 in production of arthritis in

rabbits possibly heralds the appreciation of the pathogenic importance

of these forms of various bacteria.

OVINE SEROTYPES OF E.RHUSIOPATHIAE

Introduction

The review of the literature has covered the efforts of various

authors to study the serotypes of E.rhusiopathiae. The studies of

Kucsera (1973) and the confirmatory studies of Hashimoto et al. (197*+)

have shown that at present there are l6 known serotypes of

E,rhusiopathiae. It is also becoming apparent that the serotypes

are not found randomly in different sites) This fact is illustrated

by comparison of the serotypes found in apparently healthy pigs with

serotypes found in disease conditions of pigs. While the evidence

is not conclusive it would seem that the range of serotypes found in

diseased pigs is more limited than the range found in apparently

healthy pigs. As more isolates from various sources are typed,

serotyping may play a part in the elucidation of the epidemiology

of E.rhusiopathiae.
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As in so many of the aspects of Erysipelothrix research our

knowledge concerning the serotypes of E.rhusiouathiae found in sheep

is almost non existent compared to the "bulk of information available

concerning porcine serotypes.

Until recently the only report in the literature naming a

sheep serotype was made "by Schirrer (1971) who described the isolation

of serotype 2 from an outbreak of polyarthritis in lambs in France,

but more recently Teschner (1975) serotype! a few sheep strains

he isolated in Germany.

This serotyping study was undertaken in order that more information

concerning serotypes occurring in sheep should become available.

Materials and methods:

The strains

The strains of E.rhusiopathiae were of ovine origin which had

been isolated during the abattoir survey or during subsequent diagnostic

work not directly connected with this project. A pheasant strain

donated by the Department of Veterinary Pathology was included in the

study for general interest.

Antiserum production

Antisera against six sheep strains (Numbers 9^A, 115, 119 3 120,

121 and 180A) were prepared in the following manner:-

The growth from a 48 hour culture of each strain in 500 mis of

No. 2 Nutrient broth (oxoid) containing 5$ added sterile horse serum
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was harvested by centrifugation at TOO g for 25 minutes at 1+°C.

Before harvesting a small aliquot of the broth culture was removed

and seeded on to a blood agar plate - after overnight incubation

the colonial and Gram staining morphology was checked to ensure that

a pure culture had been produced. The bacterial growth was washed

3 times by repeated resuspensions and the centrifugation in phosphate

buffered saline. Finally the deposit was resuspended in 6.5 mis

of sterile distilled water containing 1/2000 W/V Thiomersal (Koch

Light). The vial was then allowed to stand in the dark at room

temperature (approx. l8°C) for two days. After this time a sub¬

culture was made on to blood agar as a check on the sterility of the

preparation.

On the third day after the harvesting of the culture and

following a satisfactory sterility check the material was ready for

use and stored at U°C.

Healthy adult rabbits were blood sampled and then injected

intravenously with some of the prepared antigen. The dose schedule

used is set down below:-

Day 0 1.0 mis of antigen

3 1.5

6 2.0 "

10 2.0

Two weeks after the last injection the rabbits were exsanguinated

and the serum separated and stored at -20°C
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Standard strains representative of serotypes 1 - 16 were

obtained from the National culture collection. Antisera were

prepared against serotypes 1 and 2 in the following manner:-

The bacterial growth was harvested and washed as described

above but instead of the washed bacteria being suspended in 6.5

mis they were suspended in 7.5 mis of sterile distilled water

containing 1/2000 Thiomersal. The suspension was treated

in the same manner as earlier described and injected intravenously

into pre blood sampled healthy adult rabbits according to the

following schedule

Day 0 0.5 mis of antigen

1 1.0 Tt

2 1.5 Tt

3 2.0 tl

k 2.5 U

In addition on days 11 and 18 each rabbit was injected

intravenously with 1 mis of a live 2k hour serum broth culture

of its respective strain of E.rhusiopathiae.

Rabbits were exsanguinated on the 10th day after the last

injection, the sera were separated and stored at -20°C

Antigen preparation for immunodiffusion

Antigen preparations for use in the immunodiffusion test against

the eight prepared antisera were made with 26 strains of ovine - origin,

16 type specific strains from the National culture collection and one

pheasant strain.
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The preparation of the antigen was based on the method of

Heuner (1958), Forty three aliquots of 150 mis of sterile No. 2

Nutrient broth containing 5% added sterile horse serum were prepared.

Each was then seeded with growth from 2k hour blood agar plate

cultures of the strains. The broths were incubated at 3T°C for 1+8

hours. A small amount of each broth was removed after gentle

swirling and this sample used to inoculate a blood agar plate.

After incubation at 37°G at 2l+ hours the plate was examined to ensure

a pure growth had been obtained. Meanwhile formalin was added to

the broths, sufficient to give a final concentration of 0.3% in each

flask (0.1+5 mis). The broths were then incubated at 37°C for 2l+

hours to allow death of the culture to occur.

The bacteria were harvested separately by centrifugation at

2000 g for 15 min. at 1+°C and the sediment washed three times in

phosphate buffered saline, by repeated resuspension and centrifugation.

Finally the sediment was resuspended in 0.5 mis of distilled water.

Each suspension in a screw capped Universal vial was steamed

at about 100°C for 2 hours. After cooling a drop of formalin

solution was added to each bottle as a preservative. The steamed

antigens were stored at 1+°C until required.

Immun odi ffus i on

The actual serotyping investigation was carried out in a manner

similar to the method of Ewald (1962) except that the technique was

conducted with small quantities.
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Microscope slides carrying the agar were prepared in the same

way as for the counter immuno electrophoresis test with the following

exceptions

a) the agar used was 1% Agar (Special Agar Noble - Difco)

with 0.5% sodium chloride and 0.01% Thiomersal in

distilled water; the pH was adjusted to 7.2 by the

addition of N/1 sodium hydroxide.

b) the pattern of wells cut in the agar with the LKB gel

cutter is shown in Figure 2.

After preparation of the slides the reagents were placed in

the wells in 8 ul volumes. Occasionally it was found necessary to

use \ or I dilutions of the antisera to allow visible precipitation

to take place.

After filling the wells the slides were incubated at 37°C and

examined daily for three days under indirect lighting.

All the antigens and antisera were tested against one another.

Following the observation that three of the strains - 9^A., 192

and Mac had not reacted with any of the sera, and in the case of

antisera 9^+A failed to react with any of the antigens, antisera were

produced with these strains by the second method described above.

However serum for strain 192 was not collected because the rabbit died

of pneumonia before the end of the injection schedule.



Results:

The results of the Immunodiffusion carried out are shown in

Table 2k. These results show that the sheep strains may be

placed in the serotypes thus:-

TABLE 2k

Serotype 1 Serotype 2 Untyped

13 CIX 9l+A
110 !| 192

115 119 Mac

- 120 -

- 121 -

- 121+ -

- 126 -

- 13 -

- 176 -

- 180A -

- 200 -

- 2kj -

- 268 -

- 279 -

- 300 -

- si+o -

- S8/1+ -

- S8/7 -

- H & H -

- Timms -

The pheasant strain 190/7^ was found to be a serotype 1 organism.

Strain 9^+A antisera - two of which were prepared - were found to react

with the common antigen as represented by a non steamed preparation of
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organism, but failed to react with its own steamed antigen. It may

be considered to be a group N organism.

The results of the testing of the sera against each of the

antigens is recorded in Appendix 3.

Pis cussion:

Serotype 2 organisms were found to outnumber serotype 1 strains

in similar proportions to the results of BUhm & Bisping (1972). In

the pig a fairly small range of serotypes are found in association

with disease states (see literature review) and it is likely that the

same may be true of the situation in the sheep. Because of the

belief previously held that E.rhusiooathiae was a common saprophyte

in soil and only occasionally emerged to cause animal disease the

epidemiology of Erysipelothrix infections has not been elucidated.

Of course much is known of possible routes of infection and modes of

transmission, particularly in the pig, but apart from a few early

attempts (Cornell & Glover (1925)) to infect pigs and sheep with each

other's strains little is known about the host specificity of

E.rhusiopathiae.

The results of this study show that sheep and pigs share similar

serotypes. Given the present poor state of knowledge concerning the

host specificity or otherwise of Erysipelothrix strains no deductions

can be made from the results of this study as to the relationship of

the pig and sheep disease. It does however hold out some promise

that the elucidation of the epidemiology of the infection in one of
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these hosts is likely to prove useful in the understanding of the

epidemiology of the disease in the other.

INTERPRETATION OF MICROTITRE AGGLUTINATION TITRES

Introduction:

During the serological study of the sera and the synovia of the

abattoir survey and subsequent applications of the Microtitre

agglutination test in the diagnosis of Erysipelothrix polyarthritis,

it became apparent that while the interpretation of the very high

titres presented little difficulty, the interpretation of titres whose

reciprocals were not of the order of thousands or several hundreds was

not simple.

Intuitively it would appear reasonable to assume that titres of

1 in 128 and over are not the result of the action of non specific

agglutinins alone. By elimination this leaves an alternative

explanation that agglutination is brought about by specific

E.rhusiopathiae antibodies or closely related antibodies. (There

is no evidence that there are in existence antigens which are closely

enough related to E.rhusiopathiae antigens to induce the production

of cross reacting antibodies to give this latter explanation credence.)

It is possible that experience with actual E,rhusiopathiae

antigens, presumably as the result of a subclinical or a previous

resolved clinical infection could account for the presence of the
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antibodies at these lower levels.

Doubt still exists regarding the epidemiology of E.rhusiopathiae

infection in animals. In particular the question of the organism's

ubiquity in nature is still unresolved. Because of this doubt the

investigator cannot be certain that normal conventionally reared

sheep are free of E.rhusiopathiae infection and have never experienced

E.rhusiopathiae infection. In order to establish what the agglutinin

titres of the sera of sheep, which have not experienced E.rhusiopathiae

infection, might be; it would be necessary to test sera from specific

pathogen free (SPF) sheep which are Known to be free of K.rl11in i opathi n.n

With the resources available to this project such a demand could

not be met. However the opportunity to obtain sera from SPF lambs

at another research institute arose. These sera were subjected to

the Microtitre agglutination test and the results used to estimate the

level of antibody which might be found in lambs which had never had

immunological experience of E.rhusiopathiae.

Materials and methods:

Blood samples were collected from 10 three month old SPF lambs.

The lambs had been produced and were maintained by the techniques and

procedures described by Hart, Mackay, McVittie & Mellor (1971). The

lambs had been born by hysterectomy and were maintained on a sterile

diet of diluted condensed milk and chopped hay.

The lambs were being maintained for future use in virological
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experiments and were being maintained free of Rotavirus. The

conditions under which the lambs had been produced and were being

maintained made the probability of E.rhusiopathiae infection

extremely low. (Wells (1976) personal communication). The

technique of the Microtitre agglutination test has been described

earlier.

The samples were tested in duplicate on the same day using the

same batch of antigen with a positive control serum.

Results:

The reciprocal titres of the duplicate tests are given in Table 25.

TABLE 25

Lamb No. 1st Result (l) 2nd Result (2) (1) - (2)

2 1+ k 0

5 b 0

6 8 b b

9 16 8 8

10 k k 0

11 b b 0

ll+ b b 0

15 *b b 2

16 8 16 - 8

17 b 1+ 0

In the following calculations values of ■< U are considered

equivalent to 2.
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The reproducibility of the results is shown by the following

student's *t* test (for the paired case).

Sum of (l) - (2) 2

X 0.2

Standard deviation h.05

Standard error 1.28

X - 0 = 0.16 (l8 degrees of freedom)

standard error

Discussion

This result indicates that there is no significant difference

between the means of the two tests. The results can therefore be

pooled to give a mean titre of k.9 and a standard deviation of U.33.

The value X + 3 standard deviations, which is 17-33, sets

the 99% upper confidence limit.

v

Since the basic assumption was made that titres of k are

equivalent to 2 may be overestimating some of the titres it can be

seen that the mean value may be lower and so might the upper con¬

fidence limit (depending on the variance of the data).

As a rule-of-'thumb guide for future reference it can be said that

an agglutinin titre in this technique of 1 in 32 probably indicates the
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presence of specific antibody, whereas a titre of 1 in 16 probably

does not.

SUBCLINICAL INFECTION - SOME SEROLOGICAL EVIDENCE

Introduction:

The previous section has shown that it is possible to have

agglutinin titres, in the Microtitre agglutination test, of up to

1 in 32 in SPF lanibs not likely to have had immunological experience

of E.rh'usiopathiae antigens. It is also thought that very high

titres in the test indicate clinical disease, past or present.

However, in the course of later experiments it was not uncommon for

apparently healthy sheep to have agglutinin titres in excess of 1 in

100 or higher.

Therefore when the chance arose of obtaining serial samples of

sera from lambs, on a farm where lErysipelothrix: polyarthritis was

known to occur, the opportunity was eagerly accepted.

Materials arid mo t.liod:;:

Tne lambs were part of an experiment being conducted on a local

research institute farm. The experiment was a study of the

heritability of the immune responses of lambs to various unrelated

antigens such as Ovalbumin and Brucella abortus vaccine. None of

the materials injected were known to be antigenically related to

E, rhusiopathiae antigens.
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The lambs, of various breeds were born indoors in early spring

and fed pooled colostrum for 2k - U8 hours. They were weaned at 8

weeks of age and kept indoors until ^ - 5 months of age.

All the lambs were blood sampled at 2k hour post parturn and at

weekly intervals afterwards for several months. Eight batches of

sera were tested for this trial.

The building in which they were housed was enclosed but was not

specifically designed to exclude wild birds - many of which were

frequently to be seen inside the building. During the fourth month

of age of these lambs U cases of Erysipelothrix polyarthritis were

diagnosed in lambs of a different group but housed in the same

building as these experimental lambs.

Microtitre agglutination test:

This technique has been described in an earlier section. Samples

taken at 2k hours, 10 days, 28 days and ^ months were tested once only

while samples taken at 5 months, 7 months, @ months and 16 months were

tested in duplicate.

Results:

The Microtitre agglutination titres and reciprocal titres are

shown in Appendix U. Table 26 contains the means of the

transformed titres for each batch of samples, with the associated

statistical values.
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This information is represented graphically in Figure lU which

displays the" variation, of the mean transformed titres with time.

The mean value after an initial drop - as measured by the 10 days sample

- begins to rise steadily throughout the sample period.

While the mean value of the transformed titres rises steadily

during the sample period, not all the individual lambs' titres are

reflections of this mean. Figures IS - 17 record the agglutinin
9>

titres of three samples which illustrate the diversity of the serological

response of the lambs.

Dir.cur.si on:

The diversity of the individual agglutinin titres suggest that

the rise in the mean titre is not merely a non specific effect due to

age. In view of the confirmed presence of Erysipelothrix polyarthritis,

in lambs in the same building as these experimental lambs it would seem

feasible that the rising titres seen in many of the lambs indicates

a serological response to subclinical infection with E.rhusiopathiae.
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TABLE 26 RESULTS: TRANSFORMED MICROTITRES

^ 18.7.7^ 1518.7^ 17.10.7^ lU.12.75 9.7.75hrs days days

Daf! fter 1 10 28 12 U 152 205 335 U80Birth

n 22 26 25 2h 26 26 ?5 26

X 2.6U 1.98 2.26 U.13 1+ - 37 1+.81 5.16 6.01+

sd 0.73 0.69 0.66 0.8U 0.93 1.13 1.23 1.06

se 0.16 0.13 0.13 0.17 0.18 0.22 0.25 0.21

t value 2.080 2.060 2.061+ 2.069 2.060 2.060 2.061+ 2.060

tse (5%) 0.33 0.27 - 0.27 0.35 0.37 0.1+5 0.52 0.1+3

x + tse 2.97 2.25 2.53 1+.1+8 1+.7U 5.26 5.68 6.1+7

x - tse 2.31 1.71 1.99 3.78 1+.00 1+.36 1+.6I+ 5.61

n = number of samples

x = mean

sd = standard deviation

se = standard error of the mean

t value = derived from tables: this is appropriate value for

95% confidence limit

tse = t value multiplied by standard error

x + tse

x - tse

These values set the range of the mean within the

95% confidence limit
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THE USE OF DILUENTS WITH E.RHUSIOPATHIAE

Introduction

During attempts to estimate the minimal lethal dose for mice of a

sheep strain of E.rhusiopathiae the organism was washed and suspended

in phosphate buffered saline solution (pH 7.^0; the viable count of

the injection fluid being determined by a modification of the method of

Miles & Misra (1938). After the first two attempts it was felt that

the viable counts of the fluids were much lower than might have been

expected.

A few short pilot studies with phosphate buffered saline (PBS),

5% glucose in PBS, normal saline, Hank's solution and quarter strength

Ringer's solution as diluents for a broth culture of a sheep strain (CIX)

in colony counting estimations revealed that these diluents were having

a marked effect in reducing the viable count of the culture. Another

small trial using No. 2 nutrient broth (oxoid) as the diluent indicated

that this might be a suitable diluent for the maintenance of the viable

count.

An experiment wtui therefore dcnigned wi. th two ni m:i - •

(1) to study the effect of three temperatures on the viable count

of organisms suspended in PBS or nutrient broth.

(2) to study these effects on four strains of E.rhusiopathiae.

Materials and methods

(a) The bacterial strains used.
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la a type strain from the National collection

2a a type strain from the National collection

CIX a type 2 organism isolated from the arthritic

joint of a lamb

9^A a grctpN organism isolated from the arthritic

joint of a lamb

(b) Procedure

An overnight serum broth culture of each strain was prepared

in the following manner:- 10 mis of No. 2 nutrient broth (oxoid)

containing 10% sterile horse serum was inoculated with a loopful of

growth from an eight hour blood agar plate culture. The serum

broths were then incubated at 3T°C overnight (20 +_ U hours).

After overnight incubation the serum broth cultures were removed

from the incubator and allowed to stand at room temperature (about 20°C)

until required, usually within one hour.

Three groups of serial dilutions of each broth in sterile phosphate

buffered saline and in sterile No. 2 nutrient broth were prepared by

removing 1 mis of broth and transferring it to bottles containing the

respective diluent. The process was repeated until a dilution of
—8

10 had been prepared.

Sterile Volac (John Poulton Ltd., Barking, England) 1 ml

serological pipettes were used to transfer the fluids; a fresh pipette
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was used for each withdrawal of fluid from each bottle and the fluid

was mixed thoroughly before withdrawal by being drawn up and expelled

from the pipette at least forty times. All the diluting procedures

were carried out at room temperature.
*•

By this means the following number of serial dilutions was

prepared.

Strain 9^-A 3 series of PBS dilutions

3 series of nutrient broth dilutions

Strain CIX 3 series of PBS dilutions

3 series of nutrient broth dilutions

Strain la 3 series of PBS dilutions

3 series of nutrient broth dilutions

Strain 2a 3 series of PBS dilutions

3 series of nutrient broth dilutions.

Blood agar plates, dried in the manner suggested by Miles &

Miles (1938) were marked off into eight sectors. Then using a

Pasteur pipette a small volume of fluid was removed from the highest

dilution and a drop carefully allowed to fall from about 2.5 cms on

to the marked sectors of six blood agar plates. The same process

was repeated, with the same pipette for the next lowest dilution in

the series, and so on until the complete series of eight dilutions

had been sampled. The pipette was then labelled and set aside

for rinsing.
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Each of the remaining 23 series of dilutions was treated in

the same way, a separate pipette being used for each dilution.

After being allowed to stand for 30 minutes on the bench at

room temperature the blood agar plates were placed in the incubator

at 37°C for HQ hours.

Meanwhile each series of dilutions was subjected to 60 minutes

incubation at one of three temperatures U°C, 20°C or 37°C. The

experimental design is summarised in Table 27.

TABLE 27

Strain Diluent Temperature

9^+A Nutrient broth h°C 20°C 37°C
PBS h°C 20°C 37°C

CIX Nutrient broth b°C 20°C 37°C
PBS k°C 20°C 37°C

la Nutrient broth 4°C 20°C 37°C
PBS ^°C 20°C 37°C

2a Nutrient broth U°C ' 20°C 37°C
PBS U°C 20°C 37°C

Following the 60 minutes incubation each dilution series was

subjected to the same sampling process as previously described, fresh

pasteur pipettes being used for each dilution series. These

pipettes were also labelled and set aside for rinsing.
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After thorough rinsing the drop size of each Pasteur pipette

was determined using the same fluid which the pipette had been used

to dispense.

After the 1*8 hour incubation the plates were examined and any

growth recorded. Where possible individual colonies were counted;

this could usually be done where the number of colonies on a sector

did not exceed sixty. The number of colonies counted at a particular

dilution was multiplied by the number of drops per millilitre

delivered by the Pasteur pipette. This then gave an estimate of the

number of colony forming units (CFU) in that dilution. When this

figure was divided by the dilution factor the result gave an estimate

of the number of CFU in the original broth culture. Pre and post

treatment estimates were then compared by student's "t" test, where

required - to assess the effect the diluent and the temperature or

both had had on the colony count of the culture.

Results:

It was found that dilution of the strains in PBS had a variable

effect which was directly related to the incubation temperature, but

which varied with each strain tested. These results are summarised

in Table ^8.
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TAJBLE 28

Strain Treatment series Dilution of Suspension
1 2 3 5 6 7 8

la b°C pretreatment + + + + + +

la 20°C pretreatment + + + + + +

la 3T°C pretreatment + + + + + +

la i|°C post treatment + + + + + +

la 20°C post treatment + + + + +

la 3T°C post treatment + + +

2a ^°C pretreatment + + + + + +

2a 20°C pretreatment + + + + + +

2a 37°C pretreatment + + + + + +

2a U°C post treatment + + + + +

2a 20°C post treatment + + +

2a 37°C post treatment + +

9bA i+°C pretreatment + + +

9hA 20°C pretreatment + + + +

9bA 37°C pretreatment + + + +

9 bA ^■°C post treatment + + +

9bA 20°C post treatment + + +

9bA 37°C post treatment + + + •

CIX J+°C pretreatment + + + + + +

CIX 20°C pretreatment + + + + + + ■

CIX 37°C pretreatment + + + + +

CIX U°C post treatment + + + + +

CIX 20°C post treatment + + + +

CIX 37°C post treatment -i- + 4-

+ = five or more colonies; as the mode of six plates.
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By contrast, dilution in nutrient broth was found to have no

effect on the viability of the suspensions at the temperature tested.

The viable

illustrated

counts of the

in Table 29.

suspension before and after treatment are

TABLE 29

Bacterial Incubation Estimates of cfu in original broth x 10^ t value
strain temperature pre-treatment post-treatment

la i+°c
20°C
37°C

676.1+5
721.00
632.92

603.00
668.80
720.80

0.5779
O.l+loO
1.1+500

2a 1+°C
20°C
37°C

1+3,]+. 5I4.
1+67.35
5UU.58

365.73
365.75
352.20

0.7700
'

1.1700
0.1300

9I+A 1+°C
20°C
37°C

688.86
738.92
629.80

806.1+0
8I+I+.56
713.^0

0.5000
0.1+200
0.2800

CIX 1+°C
20°C
37°C

1+53.07
595.68
800.00

51+9.50
739.83
935.30

1.7293
1.5060
1.3828

'* t value derived from a comparison of the data by student's

't' test for the unpaired case.
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DISCUSSION

While the loss of viability of the four strains studied appears

to show a degree of individual variation, increasing temperature

clearly has a greater effect in reducing the viability of

E.rhusiopathiae organisms suspended in PBS.

Nutrient broth would seem capable of maintaining the bactferia,

for periods up to 60 minutes, at the temperatures studied, without

raising or lowering the viable count of the suspension.

Since only one broth culture of each strain was prepared it

follows that all the results of viable count estimations calculated

for each series of dilutions in PBS or nutrient broth are estimates

of the viable count of the same original broth. In the case of the

dilutions in nutrient broth, analysis of variance of the original data

reveals that: although the means of the viable count are different

from one another, there is no significant difference between the

samples they represent.

In the case of strain 9^+A suspended in PBS it can be seen that

the viable count of the pretreatment controls has been markedly

reduced compared with the estimates of the broth dilutions. This

would tend to suggest that the few minutes elapsing between dilution

and sampling for dropping has been long enough for the viable count

to be sharply reduced. This vulnerability was not anticiapted when

the experiment was designed - otherwise the dilutions would not have
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been carried out at room temperature.

The conclusion which can be made from this short study is that

in choosing a diluent for the suspension of E.rhusiopathiae the

investigator should ensure that his particular strain will not be

adversely affected by the diluent. It is also clear that the lower

the temperature of the diluent the less the likelihood of loss of

viability.
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SECTION II

introduction

Many early cases of polyarthritis may he cured by the timely

administration of a suitable antibiotic, and of course a certain

proportion of lambs may recover spontaneously. There is no data

available on the effectiveness of early treatment and among the- few

papers describing treatment of later cases (Carre (1931), Henderson,

Fish & Schroeder (1952), Mohn & Utklev (1970) and Schirrer (1971))

there would seem to be little agreement about the success of treatment.
\

All that can be said on the subject which would find general agreement

is that prevention is better than cure.

Suggestions for the prevention of polyarthritis among lambs have

been made aimed at preventing infection through fresh umbilical stumps

(Marsh (1933b)) and docking or castration wounds (Hopkirck & Gill (1930)

and Howarth (1933)). Stamp (1968) felt that Swine Erysipelas antiserum

might be useful in valuable flocks. Watt (1965) suggests that long

acting penicillin and Erysipelas antiserum may be useful. He also

suggests that in problem flocks yearly vaccination of the ewes with Swine

Erysipelas vaccine may be of some value.

Commercial Swine Erysipelas antisera and vaccines may have been

used in the field but there is little information available concerning the

value of these products when tested in sheep in an experimental situation.



These experiments were carried out in order to find out if

artificially induced immunity could have any value in protecting

lambs against E.rhusiopathiae polyarthritis.

REVIEW

Vaccination against E.rhusiopathiae

1. Introduction

2. Vaccine preparation

2.1 Antigens necessary to induce protective immunity

2.2. Selection of vaccine strains

2.3. Evidence for cross-protection between strains of E.rhusiopathiae

2.k. Formulation of vaccines

3. Vaccinal immunity

3.1. The immunity induced by vaccination

3.2. Tests of vaccinal immunity

3.2.1. In vivo methods

3.2.2. In vitro methods

3.3. Development of vaccinal immunity

3.1+. Duration of vaccinal immunity

3.^.1. Active immunity

3.^.2. Passive immunity

^. Effect of pre-existing colostral immunity on the development of

active immunity

5. Hazards of vaccination
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Review

1. Introduction

The development and use of a live attenuated vaccine to protect

pigs against "mal rouge" (Pasteur & Thullier (1883)) was the first

time a live bacterial vaccine of this kind had ever been used,

according to Woodbine (1950). Vaccination of pigs against

E. rhus iooathiae, therefore, has a history which stretches over'more

than 90 years .

Until the second half of this century vaccination was usually

carried out using live organisms, sometimes simultaneously with

hyperimmune serum. These early methods and some of the dangers

inherent in their use have been reviewed by Gle.dhill (19^8).

Live vaccines, which are not commercially available in the U.K.,

are still used in Eastern Europe. This review will not concern

itself with live vaccines, which have been reviewed by Shuman & Wood

(1970), instead the literature pertaining to the preparation, -use and

value of killed vaccines will be considered.

E.rhusionathiae vaccines have been produced primarily for use in

pigs; although they have been suggested for us in turkeys (Blaxland

(i960)) and sheep (Watt (1965)). Watt suggested that it might be

possible to vaccinate pregnant ewes with the intention of protecting

their lambs against polyarthritis. In the some year Mundny h Dharman

(1965) described field experiences and briefly alluded to experiments
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which indicated that this might be a useful procedure.

In addition, Hungerford (1975) has suggested, empirically, that

vaccination might be used to protect sheep against the post-dipping

lameness described by Whitten, Harbour & Allan (19^8).

2. Vaccine preparation

2.1. Antigens necessapy to induce protective immunity.

According to Gledhill (19^7) growth of E.rhusiopathiae in media

containing serum promoted the formation of 0 and L antigens; while

growth in glucose broth allowed only the 0 antigen to develop. By

mouse protection tests Gledhill showed that the L antigen - which was

thermolabile - appeared to possess most of the capacity to induce

protective immunity. He also showed by agglutinin absorption methods

that both 0 and L antigens were found on or near the surface of cells.

About this time Traub (19^7) was putting forward his view that a

soluble substance found in the supernatant fluid of serotype 2 cells

could induce protective immunity - this was his "Soluble immunising

substance" (SIS).

Gledhill (1950) claimed that this SIS' did not exist. He found

that culture fluid which had passed through a 0.2u Gradocol filter

could not induce protective immunity. It was his belief that small

cells, not easily sedimented by centrifugation, were responsible for

the antigenicity. In a later paper he (Gledhill (1952)) found that

he was able to confirm the presence of an SIS and felt that L antigen

might be in some way, relevant to its existence.
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The protective effect of whole cells as an antigen was removed

when Nani (1952) extracted the protein fraction, although a minor

degree of activity did appear to remain associated with glycolipid.

Bergman (1955) demonstrated that the SIS of culture supernatant fluid

could he destroyed by the action of proteolytic enzymes - thus proving

its "protein" or polypeptide nature. Inactivation of the protective

antigen by freezing was described by Milller, Kruger & Zimmermahn (l96l).

The existence of an SIS in the supernatant fluid of cultures of

E.rhusiopathiae has been confirmed by White & Verwey (1970a). The

SIS was found to comprise 20% of the protective effect of a whole

culture in mouse protection trials, and to have a particle weight of

at least 200,000. In the companion paper, (White & Verwey (1970b))

the protective antigen is described as a glycopeptide lipid complex

having properties usually attributed to lipoproteins.

2.2. Selection of vaccine strains

Anyone wishing to adopt a rational approach to choosing strains

of E.rhusiopathiae capable of producing good vaccines will not find

the literature particularly helpful. A series of descriptions of

apparently unrelated properties of strains of E.rh usiopathiae found

to produce good vaccines is ull that can be uncovered.

Some strains of E.rhusiopathiae were found to be capable of

haemagglutinating fowl erythrocytes (Dinter & Bahos (19^+8)) and this

property was associated with strains capable of producing good vaccines.
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However it was Gledhill's opinion (Gledhill (1952)) that haemagglutin-

ation was too variable a phenomenon to be a useful means of choosing

vaccine strains.

Dedie (1950) showed that strains of serotype 1 could develop the

ability to haemagglutinate when grown in the presence.of serum.

Serotype 2 strains on the other hand were capable of causing »

haemagglutination even when grown in media without serum. In a

previous work Dedie (19^9) had asserted - on the basis of precipitin

titre development in rabbits - that only serotype 2 organisms were

suitable for vaccine production. Another property of good vaccine

strains of serotype 2 was the ability to resist spontaneous agglutination

in water (Dedie (1950)), while Radvila (1953) pointed out that

haemagglutinating strains which were strongly immunogenic had a tendency

to autolyse.

C

The size of the cells of a strain appeared important to Gledhill

(1950) who found that bacteria capable of passing through 0.3 - 0.75u.

Gradocol filters were able to produce better vaccines than strains whose

cells could not pass through.

In the opinion of Janowski, Truszczynski & Wasinski (1966) the

immunising potential of a strain did not depend on its serotype.

2.3. Evidence for cross-protection between strains of E.rhusiopathiae

During passive protection studies in mice Gledhill (l9^5b) noted
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that antisera did provide some protection against heterologous

challenge. This finding was amplified later (Gledhill (19U7)) when

he found that it was antisera raised against OL suspensions which

protected mice against heterologous challenge although homologous

sera were more potent.

In his later work Gledhill (1952) demonstrated that actively

immune mice were resistant to heterologous challenge. Similar work

hy White (1962) in pigs has shown that at high levels of active

immunity cross protection is as good as the protection offered by

homologous or isologous vaccination; it is only at the lower levels of

immunity that cross protection is less effective. Confirmation of

the cross protection against acute swine Erysipelas afforded by

vaccination in pigs is given by the work of Shuman, Wood & Cheville

(1965). A recent report from the Veterinary Investigation Service

(Anon (197*0) suggested that an apparent vaccination breakdown on a

pig farm was due to antigenic differences between the field strain

and the vaccine strain. Regrettably, the report gives no details

and the validity of this claim cannot be assessed.

2.k. Formulation of vaccines

Watts (l9*+0) attempted to vaccinate pigs against E.rhusiopathiae

with cultures which had been treated with formalin, but he was unable

to demonstrate protection against skin challenge with live organisms.

The first successful killed vaccine was made by Traub (l9*+7) who
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used Aluminium hydroxide gel as an adjuvant and adsorbent for the

"Soluble Immunising Substance" (SIS). A similar formulation for a

formalin treated, whole culture aluminium hydroxide adsorbed vaccine

was prepared and tested by Thomson & Gledhill (1953). An alternative

adsorbent was suggested by Jungk, Towey, Swangard & Boyland (i960) who

found tricalcium phosphate was capable of settling into a smaller

volume than aluminium hydroxide, when added to a broth culture.

Several authors have attempted to increase the immunogenicity of

Swine Erysipelas vaccines by including oil in the formulation. Jungk

& Murdoch (1957) described the production of an aluminium hydroxide

vaccine elmusified in Bayol F with the aid of Aracel A. A subsequent

paper mentions that the injection dose could be reduced without loss of

protection (Murdock & Jungk (1957)). A similar water in oil emulsion

of a bacteria was described by Cheng, Wang, Feng, Hsu & Pan (1965) who

prepared a vaccine containing mineral oil and lanolin. This vaccine

was found to retain its potency for over a year stored at a wide range

of ambient temperatures.

A further refinement of oil-containing vaccines was reported by

Muggleton & Hilton (1967). An aluminium hydroxide adsorbed bacterin

was incorporated into a multiple emulsion in oil and saline. They

presented evidence to show that this new formulation was more effective

in protecting mice than either aluminium hydroxide adsorbed bacterin or

their water in oil emulsion. In addition the fluid was more easily

injected and less likely to cause injection abscesses. They also
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implied without giving further evidence that similar "beneficial

results had "been obtained when the vaccine was used in pigs.

3. Vaccinal Immunity

3.1. The immunity induced by vaccination

The importance of,cell mediated immunity against E.rhusiopathiae

infection in sheep has not been investigated. Humoral immunity, on

the other hand, has been conclusively shown to exist and to be effective*

against intradermal challenge in neonatal lambs which had suckled their

vaccinated dams (Piercy (197*0).

Vaccinal immunity is seen to be most effective when the challenge

is given by routes other than the intravenous. In the rat, vaccination

protects against all forms of the infection when the challenge dose is

given sub cutaneously (Grabell, Hansen, Thai & Wellmann (1965)). Intra¬

venous challenge of vaccinated pigs showed that vaccination could reduce

all the effects of the infection except arthritis (Neher, Swenson, Doyle

& Sikes (1958)) - an observation which led the authors to suggest that

vaccination actually makes arthritis more likely. Work by other authors,

(Freeman (l96Ha) and Shuman, Wood & Cheville (1965)) has also shown that

intravenous challenge is capable of surmounting vaccinal immunity in pigs.

From the work of Piercy (197*0 it is possible to suggest why

intravenous challenge of supposedly immune animals often leads to the

development of polyarthritis. He found that passively immune lambs

were able to localise intradermally injected bacteria to the area around
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prevent a bacteraemia occurring. His findings suggest that initially

at least passive immunity, operates by preventing viable bacteria from

reaching the circulation.

3.2. Teste of vaccinal immunity

3.2.1. In vivo methods

All these methods have involved challenging the test animals

with live bacteria administered by various routes.

In his unsuccessful attempt to vaccinate pigs Watts (1940) tested

their immunity by scarification of the skin and applying live culture

to the wounds. This technique was also used by Thomson & Gledhill

(1953). Animals showed other local reactions alone, or general

clinical signs with local lesions, depending on their immunity.

Dermal scratches with live culture application were used by

Rowsell (1955) as a route of infection for vaccinated and non vaccinated

pigs; although this author also used oral and intravenous routes for

challenge.

Intradermal injection, a refinement of skin scarification, was

preferred by Jungk & Murdock (1957); Kucsera (i960) and Chodnik &

Stevens (1962) - these last two papers attempted to show a correlation

of serological titres with in vivo testing.
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Mohlmann, Maas & Meese (1961) were of the opinion that the

results of skin challenge (intradermal injection or skin scarification),

did not hear any relationship with the efficacy of vaccines being

tested. They suggested that conjunctival inoculation was preferable.

Intradermal challenge was defended by Wellmann (1966) who felt that it

was the ideal method for in vivo testing of immunity because the

occurrence of a local lesion alone could indicate partial immunity.

In this way it was better than conjunctival, oral or intravenous routes

of challenge.

Intravenous injection, has of course, been used to challenge

vaccinal immunity (Sikes, Neher & Doyle (1956) and Neher, Swensen,

Doyle & Sikes (1958)) but the ability of a vaccine to prevent poly¬

arthritis would not appear to be properly tested when this route of

challenge is used - See Section 3.1.

One commercial pig vaccine been developed and is routinely

tested by means of the intramuscular route of infection in preference

to skin scarification. (Nagy (1976) personal communication).

The use of Erysipelas vaccines has been very limited in sheep.

Munday & Sharman (1965) used an unspecified skin challenge followed

by daily rectal temperature readings as their means of determining

■immunity in lambs. In the pig rectal temperature readirys have been

used by many authors as an aid in determining immunity, (Mohlmann,

Maas & Meese (1961) and (Chodnik & Stevens (1962)).
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It would, appear from the work of Piercy (197*0 that skin

challenge can he considered, as a means of testing a lamb's ability

to localise intradermally injected organisms to the skin and prevent

a bacteraemia which might lead to the development of polyarthritis.

3.2.2.In vitro methods

Some of the same serological methods used in the diagnosis of

Erysipelothrix infection, particularly in pigs, have been used to

demonstrate the antibody response of vaccinated subjects. In some

cases the tests have been combined with in vivo testing in order that

the significance of serological titres as measures of immunity may be

determined.

Results of intradermal challenge of vaccinated and non-vaccinated

pigs have been correlated with serological results obtained in the

growth inhibition test by Kucsera (i960) and in the growth inhibition

test and agglutination test by Chodnik & Stevens (1962) and Kovalenko,

Sidorov & Tatarintsev (1970).

Wellniann (1966) used the agglutination test, the Wachriturnsprobo

(growth inhibition test) and Haemagglutination Inhibition tests. While

Janowski, Truszczynski & Wasinski (1966) found that of the Complement

Fixation test, Agar gel diffusion test and Haemagglutination Inhibition

test (HIT), the latter had the most potential for evaluating vaccinal

immunity.
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Bairey (1972) considered tliat the Erysipelas serum culture

agglutination test (ESCA) of Lozano, Jones & Parker (1959) was useful

but should be used as a herd test rather than being relied on to

measure the immunity of individuals.

Another method for measuring vaccinal antibodies was proposed

by Rhee & Lee (l97l); sheep erythrocytes which had been passively

sensitised with soluble Erysipelothrix antigens, after treatment with

bis-diazotised Benzidene, were used as the antigen particle in a

passive haemagglutination method. The authors claimed that their

test relied on the action of 2-mercaptoethanol-sensitive antibodies.

In the sheep the only serological method described for measuring

vaccinal antibodies was the agar gel diffusion test (Piercy (1971)).

After all these descriptions of the apparent value of serology as

a means of detecting vaccinal antibodies and even immunity, a somewhat

discordant note is struck by Bbhm (197^-c) who found that an agglutination

test and growth inhibition test, similar to.those used by Wellmann (1966)

were not suitable for the detection of vaccinal antibodies in pigs.

3.3. Development of vaccinal immunity

The information available on this topic entirely relates to.pigs.

Melgar, Uruchurtu & Skenes (1972) reported that agglutinin titres

were raised in 11+/15 young pigs, 15 days after vaccination; at 30 day's

after vaccination all the vaccinated pigs had raised titres. Maximal
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agglutinin titres developed 20 days after vaccination according to

Kovalenko, Sidorov & Tatarintsev (1970) who also recorded that growth

inhibition antibody titres reached a peak 15 days after vaccination.

Pigs receiving a single dose of the vaccine of Cheng, Wang, Feng,

Hsu & Pan (1965) were partially immune 7 days after vaccination and

solidly immune by the third week.

3.^. Duration of vaccinal immunity

3.^.1.Active immunity.

From the few reports available on this subject it would appear

that the duration of active immunity is not entirely dependent on the

number of doses injected, the formulation of vaccine may also have an

effect.

Thomson & Gledhill (1953) found that one dose of vaccine was

sufficient to protect pigs against challenge by skin scarification for

up to 10 weeks. The protection period was not even 6 weeks according

to Sikes, Neher & Doyle (1956) who also stressed the value of testing

vaccines in pigs rather than laboratory animals. Later work (Neher,

Swenson, Doyle & Sikes (1958) appeared to indicate that some protection

against some of the forms of Erysipelas was still present t months after

the vaccination.

Although repeated injections were given it is possible that the

adjuvants present in the vaccine of Cheng, Wang, Feng, Hsu & Pan (1965)
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were important in maintaining the immunity for up to 1^ months after

the last injection.

3.b.2. Passive immunity

Chodnik & Stevens (1962) claimed that piglets from vaccinated

sows were resistant to skin challenge and maintained growth inhibition

and agglutinin titres indicative of protection, until 10 or 12 weeks

of age.

4. Effect of pre-existing colostral immunity on the' development of

active immunity

There is evidence in the work of Wellman & Liebke (i960) that

while the presence of maternal immunity may inhibit the development

of measurable serological titres in young pigs being vaccinated, these

piglets are more able to resist a later intradermal challenge than

colostrum deprived piglets also being vaccinated.

In his later work, Wellmann (1967) found that colostrum derived

immunity could persist for months and inhibit the development of active

immunity, the degree of inhibition being proportional to the degree of

residual immunity.

5. Hazards of vaccination

The suggestion that vaccination may increase the incidence of

arthritis in pigs has already been discussed in a previous section.
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Another hazard related to hypersensitivity is described by

Murdock & Jungle (1957). They discovered that the oil emulsion

bacterin which'they manufactured tend to sensitise pigs to other

components in the preparation particularly the serum used in the

nutrient broth. There is a danger that anaphylaxis would develop

if the pigs were subsequently treated with serum products.

EXPERIMENT I PART (i)

INTRODUCTION: This part of the experiment was necessary in order

to answer two questions pertinent to the study of passive immunity

in part (ii) of this experiment namely:-

a) can polyarthritis be reproduced reliably by intravenous

inoculation?

b) what is the approximate minimal infective dose?

MATERIALS AND METHODS

It was not possible to obtain lanibs which would be the same age

and breed of the lambs in Part (ii) of this experiment because this

preliminary work was carried out in the winter preceding the spring

in which the passive protection study was to be conducted.

Tne lambs, which were all yearlings, were obtained from the

Veterinary Field Station farm; their earlier origins were unknown.

Details of each lamb are given in the following table.
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TABLE 30

Lamb Breed Sex Weight

A Suffolk Cross Wether 25 kgs

B Scottish Blackface Ewe 2b kgs

C Suffolk Cross Wether 20 kgs

D Suffolk Ewe 23 kgs

E Suffolk Cross Ewe 25 kgs

F Suffolk Cross Wether 28 kgs

G Suffolk Cross Ewe 27 kgs

The lambs were taken to the indoor isolation accommodation 3 - b

days before injection and kept there during the period of the experiment.

Infecting strain of bacteria

The strain designated CIX had been isolated from the arthritic

stifle joint of a lamb during the Abattoir Survey and was stored in the

freeze dried state at ^°C.

Procedure:

Before injecting the serum of each lamb was subjected to the

following tests for the presence of E.rhusiopathiae antibodies

(1) Counter immuno electrophoresis test

(2) Agar gel double diffusion test

(3) Microtitre agglutination test v .

The methods for each of these tests have been described in the
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previous section. The results of these tests are shown in Appendix 5.

The trial was carried out sequentially, that is each lamb was

injected after the results of the previous inoculation had been

assessed.

On the day before injection, each lamb was examined to ensure

that it was healthy; rectal temperatures were recorded daily beginning

the day before injection.

The broth culture used to challenge lambs was prepared as follows

A vial of freeze dried culture was reconstituted with 1-2 mis of No. 2

Nutrient broth. A few drops of this suspension were inoculated on to

two blood agar plates. Both plates were incubated at 37°C overnight.

A loopful of culture from one plate was used to inoculate a volume of

No. 2 Nutrient broth containing 10% added horse serum which was uncubated

overnight at 37°C.

The viable count of the broth culture produced was measured by a

modification of the method of Miles & Misra (1938) as described in the

previous section.

The purity of the growth was checked at two stages

(l) Examination of Gram stained smears of the growth of the

organism on the blood agar plates following overnight

incubation after re constitution and observation of the
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colonial appearance of the growth on blood agar.

(2) A Gram stained smear of the broth culture was examined

and a subculture made on to blood agar which was then

placed in an incubator at 37°C for 2k hours. The

colonial appearance of the growth on the blood agar

plate was examined and a Gram stained smear made. (This

last check, like the viable count estimations, were of

course retrospective, because their results were not

apparent until the day after the lamb had been injected.)

The chosen volume of broth culture to be given to each lamb was

injected into the external jugular vein without the use of disinfectants

to swab the injection site.

Lambs were examined daily following injection. Lame lambs were

killed soon after the appearance of clinical signs. Lambs failing to

show overt signs of disease were disposed of without further investigati

for reasons of economy.

Full post mortem examinations were carried out on diseased lambs

which were humanely slaughtered by shooting and exsanguination. The

following joints were aspirated aseptically and the fluid plated out

on blood agar plates:- elbow, carpus, stifle and tarsus. (Plates

were incubated at 37°C for 5 days, and examined daily). In addition

each of the limb joints was opened and examined visually.
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Results

Challenge doses. Table 31 gives the details of the challenge dose

administered to each lamb.

TABLE 31

Lamb Volume of

Challenge X
Actual

s .e.

challenge dose x 10® cfu

Range (p <5%)*'

A 5 mis 17.25 5.58 5.85 - 28.65

B 16 mis 31.20 0.66 25.60 - 35.52

C 5 mis 10.72 0.72 9.30 - 12.20

D 6 mis 6.30 0.65 k.32 - 8.28

E 8 mis 19.60 0.66 lj.kb - 21.76

F 16 mis 61.1*0 1.20 53.57 - 69.25

G 18 mis 69.08 1.20 60.26 - 77.90

* Range is the mean + t x se value for P<5% for the number of
estimation made of the viable count.

Clinical signs: During the period of the study no lamb showed any

signs of disease apart from lameness. The rectal temperature readings

are shown in the following table.

TABLE 32 Rectal temperatures in degrees Centigrade

Lamb Days
-1 0 +1 +2 +3 +k +5 +6 +7

A 39.7 39.1+ 39.3 39.2 39.3 39.1+ 39.2 39.2 39.0

B 39.3 39.0 39.1 39.8 39.1+ 39.2 39.5 39.0 39.1+
C 39.1 38.9 39.2 39.1* 39 .6 39.1+ 39.7 39.1+ 1+0.2

D 39.1+ 39.5 39.2 39.1* 39.2 39.2 39.1 38.9 39.6
E 39.0 39.2 39.^ 39.0 39.1+ 39.2 39.3 39.5 39.1+
F 39.3 39.2 38.9 1+0.7 39.3 39.8 39.7 39.5 39.6
G 38.9 39.0 38.9 1+0.5 39.3 39.1+ 39.3 39.0 39.1+
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It can be seen from the table that only lambs F and G on day 2
.r*

after challenge had rectal temperatures high enough to be considered

pyrexic.

The days on which lambs were found to be lame are recorded in

table 33.
/

TABLE 33 Clinical signs of lameness

Lamb Days
0 l 3 b 5 6 789 10

A

B -

+
- + PM

C + PM

D

E
+

r
PM

G — +

PM

+ = lame - = normal

The joints found to be grossly diseased and the results of the

bacteriological examination are recorded in table 3*+.

TABLE 3b

Lamb Affected joints Presence of E.rhusiopathiae

A Not lame NT

B Left carpus +

C Left carpus +

D Not lame NT

E Not lame NT

F Right carpus -

Right tarsus +

Left tarsus +

G Left tarsus + NT = Not sampled
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Discussion

This study has shown that it is possible to reproduce the

clinical disease of Erysipelothrix polyarthritis in lambs by intra¬

venous injection with strain CIX.

In spite of the very small number of animals available for

the study it has also been possible to show that there is likely

to be a minimum dose of organisms necessary to establish an

infection and that this dose, expressed per unit of body weight,

is in the region 1 x 10® cfu per kilogram.

EXPERIMENT I PART (ii)

INTRODUCTION'.

An experiment was devised which was intended to determine

whether passive immunity from either injected Swine Erysipelas

antiserum, (Wellcome) or colostrally derived antibody from ewes

vaccinated with a Swine Erysipelas vaccine (Wellcome) could be

shown to have any effect in protecting lambs from challenge with

a sheep strain of E.rhusionathiae.

MATERIALS AND METHODS

The Place: The experiment was conducted at the Veterinary Field

Station Farm using home bred sheep. A search of the records of

the Department of Veterinary Pathology (Bacteriology section) and

the Large Animal Practice Teaching Unit showed that no case of

i
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Erysipelothrix polyarthritis has been recorded on the Veterinary

Field Station Farm for the 15 years that records are available.

The animals: Twenty nine Scottish Halfbred ewes, aged 3 to U years

old, were available for this, trial and all carried lambs sired by

Suffolk tups. The ewes were randomly assigned to three groups as

shown below:-

Vaccine group 10 ewes

Antiserum group 9 ewes

Control group 10 ewes.

Materials to be tested

The antiserum used was the Wellcome Swine Erysipelas antiserum.

The vaccine used was the Wellcome Swine Erysipelas Vaccine (AT) Lot

No. 89210 Expiry date May 1976.

Challenge bacterium: This was isolate CIX, a serotype 2 organism which

had been recovered from the arthritic joint of a lamb during the

abattoir survey.

Procedures: (1) Treatment of ewes

Early in the second"month of pregnancy each ewe was blood sampled.

Three months before the expected date of lambing the ewes of the vaccine

group were given a subcutaneous injection of 2mls of the Swine Erysipelas

vaccine. Two weeks later a second 2 mis injection was given to the

same ewes. Two or three weeks before the expected date of lambing a
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further 2 mis dose of the vaccine was injected into the ewes of the

vaccine group.

Forty-eight hours after lambing all the ewes of all three groups

were blood sampled.

(2) Treatment of the lambs

Forty-eight hours after birth all the lambs were blood sampled.

All these samples were subjected to a zinc sulphate turbidity test to

ensure that the lambs had acquired sufficient maternal globulins from

colostrum. The results are shown in table 35- At 9 ~ 12 days of

age, five lambs from ewes of the antiserum group received 10 mis of

Swine Erysipelas Antiserum by subcutaneous injection in two sites on

the chest wall.

At 21 - 27 days of age, fourteen lambs were challenged: six from

the vaccine group, three from the control group and the five lambs

which had received the subcutaneous injections of antiserum. The

challenge consisted of 6 mis of serum broth of strain CIX prepared as

previously described, injected into the external jugular vein. The

lambs were challenged in four batches and the viable counts estimated

in the manner previously described. (Due to accidental spillage of

one of the batches of challenge broth, insufficient remained to allow

a viable count estimation to be carried out.)

The challenge -doses, in colony forming units, is shown in table 36.
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Zinc sulphate turbidity test on lambs' sera: Results in ZST Units,

grouped in litters.

Lamb (1) Lamb (2) Lamb (3)
Ewe No. ZST units No. ZST units No. ZST units

G13 207 26 208 30

G19 77 18 78 17

C62 30 22 39 25

G64 151 22 152 13 153 14

G96 123 23 124 14

099 15 25 16 28 17 16
H84 35 25 36 22 37 11

H85 168 30 169 16 170 25

H89 102 30 103 28

H115 42 13 43 25 44 25

G3T 203 15 104 22

G40 111 16 112 .23

Gk3 68 - 17 69 21

G46 172 22 173 22

G60 117 25 118 25

G90 Lambs still born

G94 81 Ik 82 22

H101 205 21 206 33

H122 30 7 31 25

G30 89 18 90 19 91 23

G38 113 25- 114 25

G39 188 22 189 20

G53 32 5 33 11 34 24

057 Lambs still born

G92 154 11 155 18

C-98 194 25 195 33

G102 115 25 116 25

H119 100 23 101 22

H124 Lanibs still born
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TABLE 36 Challenge doses

(No. of colony forming units) Lambs injectedDate of challenge

7 May

9 May

13 May
20 May

16.7 + 2.5 x 108
22.6 + 3.0 x 108
16.2. + 1*.$ x 108

Not counted 36, 39, bk
81, 69, 91

78,101,103,112 ,111+ 5iij

151, 173

Lambs of the antiserum group were blood sampled at the time of

challenge. A single lamb from the control group was given an intra¬

venous injection of 6 mis of sterile serum broth.

The lambs were inspected, daily for any signs of lameness or

stiffness, which were recorded.

At 5 ~ 8 days after challenge the 15 lambs were humanely destroyed

by shooting and exsanguination. A blood sample was collected from

each lamb at the time of slaughter.

After slaughter the carcases were subjected to the following

examinations:

Pathology:

Gross pathology A full post mortem examination of each carcase

was carried out and any lesions recorded. The carpal, tarsal and

stifle joints were not opened during this examination until they had been

sampled for bacteriological examination. All the other limb joints

were opened and any other abnormalities detected.
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Microscopic pathology Following "bacteriological sampling,

small areas of synovial tissue were removed from carpal, tarsal and

stifle joints and placed in buffered formal saline. Microtome

sections were stained with Haematoxylin and Eosin and examined

microscopically.

Cytology of synovial fluid Following bacteriological sampling,

thin smears were made of the synovial fluids from the carpal, tarsal,

and stifle joints. The smears were stained with Leishmann's stain

(BDH) and differential cell counts performed principally to determine

the relative proportions of neutrophil polymorphs and mononuclear cells.

These values were obtained by averaging the results of two counts of

100 cells each.

In addition 0.25 ml of each synovial fluid from the six named

joints was placed in a plastic vial containing enough Hyaluronidase

(Koch Light Laboratories) in phosphate buffered saline, preserved with

1 in 10,000 Merthiolate to give 10 IU of Hyaluronidase per ml of

fluid. Total cell counts were determined by the method of Donaldson

(1972) using a Haemocytometer.

Bacteriology:

The carpal, tarsal and stifle joints were examined by three

cultural methods. Faeces, tonsillar scrapings and both prescapular

and internal iliac lymph nodes were examined by two methods.
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Technique of sampling .joints Excess muscle, fascia and

adipose tissue were trimmed away and the external aspect of the

synovial membrane exposed. An area, about 2-3 cms in diameter

was seared with a red hot spatula and a volume of synovial fluid was

aspirated with the aid of a 5 nils disposable syringe (Plastipak)

fitted with a ll+ gauge short-bevel hypodermic needle.

The aspirated synovial fluid was then inoculated into or on to

(as appropriate) three culture media:-

(a) Blood agar plate

(b) 10 mis of 10% serum broth

(c) 10 mis of Wood's broth (Wood (1965)).

In addition small pieces of synovial tissue (approx 5x5x5 mms)

were dissected out and placed in the serum broth and Wood's broth.

Technique of sampling other material

Lymph nodes Both prescapular and internal iliac nodes in all

the lambs were sampled. An area of the lymph node surface was seared

with a red hot spatula and some of the central tissue of the lymph nodes

aspirated with a sterile disposable 5 mis syringe fitted with a l4

gauge short-bevel needle. By means of this simultaneous laceration

and aspiration about 0.5 mis of lymph node tissue could be obtained.

This material was inoculated into:

(a) 10 mis of 10# serum broth

(b) 10 mis of Wood's broth.

Tonsils The tonsillar crypts were scraped with a sterile
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platinum loop and the material obtained inoculated into:

(a) 10 mis of 10% serum broth

(b) 10 mis of Wood's broth.

Faeces About one gramme of faeces was inoculated into:

(a) 10 mis of 10% serum broth

(b) 10 mis of Wood's broth.

All instruments used were flamed between the taking of each

sample, and fresh sterile instruments were used for each lamb carcase.

Following inoculation the culture media were treated as follows:-

(a) Blood agar plates were incubated at 3T°C and examined daily for

5 days. Any colonies which appeared were picked off and

subcultured on fresh blood agar plates.

(b) The 10% serum broths were maintained for 28 days at 4°C after

which time a loopful from each broth was plated out on Packer's

medium (Packer (1943)) which was then incubated at 3T°C for 48

hours. Any colonies which appeared were picked off and subcul¬

tured on blood agar plates.

Plates failing to carry any growth were replaced in the incubator

and examined daily for 3 days.

(c) The Wood's broths were incubated for 48 hours at 3T°C, a loopful

from each broth was then inoculated on to a blood agar plate which

was then incubated for 24 hours. Any colonies which grew were

picked off and subcultured on nlood agar plates. Plates failing
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to carry any growth were replaced in the incubator and

examined daily for b days.

Identification

In order -neck that all the isolates recovered from the various

culture media were E.rhusiopathiae, all the isolates were subject to the

Stage I examination of Cowan & Steel. Each isolate was examined as a

Gram stained smear, a glucose broth was inoculated to check for motility

and a glucose serum water sugar was inoculated and incubated for 1^4 days,

being examined daily. In addition one isolate from each lamb was

subjected to the Stage II examination of Cowan & Steel by being inoculated

into xylose, lactose, sucrose, mannitol and raffinose'serum water sugars

and into nitrate broth.

Serology:

All sera collected from the 29 ewes and the 15 lambs which were

slaughtered were subjected to the following tests for the presence of

specific antibody against E.rhusiopathiae.

(1) Agar gel double diffusion test

(2) Counter immune electrophoresis test

(3) Serum agglutination test

(^) Growth inhibition test.

The sera collected from the siblings of the 15 lambs were similarly

tested but were not subjected to the Growth Inhibition test.



153

The methods for the first three tests have been described

previously. The Growth Inhibition test used was a modification

of the method of B8hm (l97^b). In place of the PKP broth, No. 2

Nutrient broth (Oxoid) containing 1 g of phenol liquefactum per

litre and 1% added sterii horse serum was used. Dilutions of the

sera to be tested were made in the phenol - serum broth to give

final concentrations of h0%, 20%, 10%, 7%, 5%, 1%, 0.5%, 0.25%,

0.125%, 0.063%, 0.031% and 0.016%. . To each of the tubes containing

a dilution of the serum a single drop of an overnight culture of the

"Marienfelde" strain of E.rhusiopathiae was added. (This strain

was kindly supplied by Dr.K.E. B8hm).

After overnight incubation at 37°C the tubes were examined for

the presence of bacterial growth. In this test two readings were

taken:

a) the HW (Haupt Wert) was the lowest dilution of test serum in which

the growth was completely agglutinated leaving a clear supernate.

b) the KW (Klammer Wert) was the dilution at which half the growth was

judged to be agglutinated and half to be suspended in the broth.

The test was carried out in an aseptic manner using sterile tubes

and pipettes. Contamination of the tubes was rarely a problem.

During the course of the experiment the 15 lambs, which were

subsequently slaughtered, were blood sampled at 1+8 hours post partum,

at the time of challenge and at slaughter. These sera were subjected



15 U

to the four serological tests previously described, namely: Microtitre

agglutination, Growth Inhibition, Counter immunoelectrophoreses and

Agar gel double diffusion tests. The results are shown in Appendix 6

and are summarised in tables 31, 38 and 39.

TABLE 37

Microtitre agglutination test: mean titres (transformed to Log^)
shown with standard errors in brackets.

Lambs
At 1+8 hour

post partum
At

Challenge
At

Slaughter

Vaccine group 5.3 (0.71) 1+.8 (0.70) 5.6 (0.87)
Antiserum group 1+.1+ (0.25) 6.1+ (0.25) 5.8 (0.20)

Control group 1+.6 (0.33)*
Uninoculated control 5

1+.8 (0.1+8)*
1+

6.3 (0.66)
2

*

Including uninoculated cont rol

TABLE 38

Growth Inhibition test:

Lambs At U8 hour

post partum
At

Challenge
At

Slaughter

HW KW HW ' KW HW KW

Vaccine group 20 7.0 (1.0) 20 7.2(0.7) 20 11.2 (2.9)

Antiserum group 20 5.5 (0.5) 20 7.2(1.8) 20 8.8 (0.7)

Control group 20 3.5 (1.5) *20 6.5(0.5)* 20 7.3 (1.5)

Uninoculated 20 5 r\3 o 20 7
control

Including uninoculated control
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TABLE 39

Agar gel double diffusion - 1*8 hour post par turn samples

Lambs Mean Number of samples tested

Vaccine group

Antiserum group

Control group

25

16

16

Estimation of globulin content of lambs' sera

The method used was based on that described by McEwan, Selman,

Fisher & Penhale (1970) which has been shown by Ducker & McEwan (1972)

to be well suited to the estimation of gamma globulins in lambs' sera.

A solution of zinc sulphate (ZnSO^. JH^O) was prepared by
dissolving 208 mg in 1 litre of distilled water which had been boiled

ofr 15 minutes. This solution was stored at room temperature in a

flask fitted with an automatic dispensing pipette. The pipette was

set to deliver 6ml and the incoming air was made to pass through a

soda lime filter to exclude carbon dioxide. A similar flask was

prepared which contained only boiled distilled water.

The test was performed in optically matched 10 ml colorimeter

tubes, the turbidity of the suspensions was read in a Hilger (HlOl)

i nephelometer. Two aliquots of 0.1 ml of each sample were placed

in two colorimeter tubes , to one was added 6 ml of zinc sulphate

solution and to the other 6 ml of distilled water. Tne tubes were
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allowed to stand at room temperature for 60 minutes and then the

nephelometer readings were taken. The trueturbiditycf each sample

was obtained by subtracting the turbidity of the distilled water

control from the turbidity of the zinc sulphate and serum.

The barium sulphate standard (McEwan, Selman, Fisher & Penhale

(1970)) gave a scale reading of 1.2 in this test. This value was

taken as equivalent to 20 ZST units as suggested by the authors. The

readings given by test samples, after subtraction of the blank value

were then converted to ZST units by multiplication by the constant

16.67 (= 20 4 1.2).

RESULTS:

Clinical observations The lambs were inspected daily following

challenge. Any signs of lameness were noted and quantified accord¬

ing to the following scheme:

- Not lame

+_ Not lame but showing signs of stiffness

+ Lame but able to keep up with dam and siblings

++ Very lame, unable to keep up with dam and siblings.

The results of these observations are recorded in table 1+0.
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TABLE 1+0

Experimental
group

Lamb
No. 0 1 2 3

D a

1+
y

5 6 7

Vaccine
/

39 - - + + + + +

Vaccine
I 151 - - + ++ ++ ++

.v.

++"

Vaccine 1+1+ - - + + ++ + + +

Vaccine' 78 - - + + + + + ++

Vaccine 103 - - - + + + + +

Vaccine 36 - - + + + + + +

Antiserum 81 - - + + + - -

Antiserum 112 - - + + + + +

Antiserum 69 - - + + + + + -

Antiserum 118 ■ - - - + + + - -

Antiserum 172 -
■

- + + + + - -

Control 91 - - - + + +

Control lilt - - + + + + ++

Control 101 - - - + + + + +

Uninfected 188 - - - - - - -

Control

* found dead

These results show that all the lambs in the experiment

irrespective of their experimental status became lame. Most were

lame on the second day after challenge and all were showing signs of

lameness or stiffness by the third day.

Clinical signs of lameness were very noticeable in the lambs of

the vaccine and control groups but less so in lambs in the antiserum

groups in which the lameness was seen to decline in 3 cases out of the
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1+ "by the day of slaughter.

Lamb number 151 in the vaccine group was very severely affected.

Its lameness severely hampered its ability to keep up with its dam

and consequently its ability to feed.

Results:

Serology Using the four serological methods described it was not possible

to detect a rise in mean titres in those ewes which were vaccinated.

Nor was there any significant change in the mean titres of the ewes in

the antiserum and control groups. These results are summarised in

Tables 1+1, 1+2, 1+3 and 1+1+.

TABLE 1+1

Microtitre Agglutination Test: Mean of titres (transformed to Log 2)
(standard error in brackets)

Sheep Preimmunisation sample 1+8 hour post partum sample

Vaccine group 5.0 (0.1+7) 1+.6 (0.1+8)
Antiserum group 5.6 (0.21+) 5.3 (0.21+)
Control group 5.2 (0.25) 1+.8 (0.29)

TABLE 1+2

Growth Inhibition Test

Sheep Preimmunisation sample 1+8 hour post partum sample

HW KW HW KW

Vaccine group 20 5.1 (0.8) 20 5.U (0.3)
Antiserum group 20 5.3 (0.8) 20 5.1+ (0.3)
Control group 20 5.0 (0.5) 20 1+.8 (0.5)

HW:Mode of titres are. shown because the mean values cannot easily be
ascertained.

KW: Mean of titees are shown (stahiard errors in brackets).
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TABLE ^3

Counter Immunoelectrophoresis

Sheep Preimmunisation Wo. of Post partum Wo. of
sample samples sample samples

tested tested

Vaccine group - 29-29

Antiserum group - 29 - 29

Control group - 29 - 29

TABLE hk

Agar gel double diffusion

Sheep Preimmunisation Wo. of Post partum Wo. of
sample samples sample samples

tested tested

Vaccine group - 29-29

Antiserum group - 29 - 29,
Control group - 29-29

In the same manner the sera of all the lambs born alive to the

29 ewes in the experiment were tested with the Microtitre agglutination,

Counter immunoelectrophoresis and Agar gel,double diffusion tests.

The results are summarised in tables 1*5 > and kf. Wo precipitating

antibodies could be detected in any of the sera and an analysis of

variance failed to show any significant difference in mean titre in the

Microtitre agglutination test between the lambs of the three experimental

groups. All the serological results are recorded in full in Appendix
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TABLE h5

Microtitre agglutination test - W hour post partum samples

(Titres transformed to Log 2)

Lambs Mean Standard error No. of samples
"ti X "t"- 2T*5* of mean tested

Vaccine group 5.3 0.22 23

Antiserum group k.'J 0.18 15

Control group k.^ 0.35 16 '

TABLE h6

Counter Immunoelectrophoresis - 1+8 hour post partum samples

Lambs Mean . Number of samples tested

Vaccine group 25

Antiserum group 16

Control group 16

TABLE UT

Agar gel diffusion - U8 hour post partum samples

Lambs Mean Number of samples tested

Vaccine group 25

Antiserum group 16

Control group 16

Of the serological tests carried out on the sera of the

slaughtered lambs, only the Microtitre agglutination test detected

any rise in the titre following the injection of antiserum or the

development of polyarthritis. These results are summarised in
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cables 1*8 - 51.

TABLE 48

Microtitre agglutination test: Mean of titres (standard, error in "brackets)

Lambs 1+8 hour post
partum
sample

challenge
sample

slaughter
s ample

Vaccine group 59.3 (16.9) 1*6.0 (18.1*) 163.2 (56.9)
Antiserum group 22.1* ( 3.9) 89.6 (15.7) 57,6 ( 6.1*)
Control group 26.7 ( 5.3)* 32.0 (11.3)* 96.0 (32.0)
Uninoculated 32 16 1*

control

* Includes the uninoculated control.

Growth Inhibition test titres are shown in table 1*9.

TABLE 1*9

Growth Inhibition test:

Lambs 1*8 hour post
parturn
sample

HW KW

challenge
sample

HW KW HW

slaughter
sample

KW

Vaccine group 20 7.0 (l.O) ,20 7.2 (0.7) 20 11.2 (2.9)
Antiserum group 20 5.5 (0.5) 20 7.2 (1.8) 20 8.8 (0.7)
Control group 20 3.5 (1.5)* 20 6.5 (0.5) 20 7.3 (0.5)-
Uninoculated 20 5 20 7 20 7

control

* Includes uninoculated control

HW - Mode of titres is shown

KW - Mean of titres is shown (standard error in brackets)
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TABLE 50

Counter Immunoelectrophoresis

Lambs U8 hour post
part urn
sample

challenge
s ample

slaughter
sample

Vaccine group

Antiserum group

Control group

Uninoculated
control

TABLE $1

Agar gel diffusion

Lambs 1+8 hour post
partum
sample

challenge slaughter
s ample s ample

Vaccine group

Antiserum group

Control group

Uninoculated
control

The microtitre agglutination test was able to detect rises in

antibody in the sample taken at slaughter. As a group the mean rise

detected is not significant because of the variation seen between

individuals.

Bacteriological results:

The three methods used to culture the synovial tissues showed

interesting variations. The capacity of the three, methods to
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isolate E.rhusiopathiae from the sites cultured is compared in the

table 52. The full results are shown in Appendix 7.

TABLE 52

Number of isolations of E.rhusiopathiae

Joints Tonsils • Faeces Lymph nodes

NT

3

13

30

*NT = not sampled.

The results shown in table 52 demonstrated that the ii°C broth

method was most effective as a means of isolating E,rhusiopathiae.

When the results of all the bacteriological examinations

carried out on the joints are amalgamated as shown in table 5^ it

can be seen that E.rhusiopathiae was isolated from lambs of each

of the three inoculated groups with similar frequency.

Direct plating 33 NT NT

Wood's broth 2k 2 1

U°c broth 57 5 1

Number sampled 90 15 15
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Lamb R.carpus L.carpus R.stifle L.stifle R.tarsus L.tarsus

Vaccine group

39

151 +

bh

78 +

103 +

36 +

Antiserum group

81

112 +

69 • +

118

173

Control group

91

llU +

101 +

Uninoculated
control

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

188
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The amalgamated results of the other bacterial examinations

carried out are shown in table 5^.

TABLE 5^

Lamb Tonsils Faeces Prescapular LN Internal
Iliac LN

Vaccine group
*

39 + + -

H vn H 1 1 + +

UU + - -

+1CO + +

103 + + -

36 - - + -

Antiserum group

81 - - -

—2 + - -

69 - + -

118 - - - -

173 + -

Control group

91 + + +

lib + -

101 - + + -

Uninoculated
control

188 - -

Again there would appear to be little difference in the frequency

of isolation of E.rhusiooathiae from these sites between the experimental

groups. It is however interesting to note that the organism was found
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in the tonsils and faeces of some of the lambs.

Pathological observations

Gross lesions: It was possible to see some changes in affected

joints with the naked eye. The most commonly observed abnormalities

were increased volume of synovial fluid, marked changes in turbidity

and the presence of fibrin clots which were adherent to the synovial

membrane in some cases. In lamb number 11^ it was possible to see

some adherence of the synovial membrane to the articulating surface -

an indication of early pannus formation.

The records of the post mortem examinations carried out on the

lambs are shown in Appendix 8. The volume and appearance of the

synovial fluids are shown in table 55
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TABLE 55

Vaccine group

Gross Pathology

Volume Arthritis
Lamb Joint of fluid Appearance of synovial fluid score

36 R.carpus 0.5 ml turbid 1

L.carpus 0.8 ml turbid 1

R.stifle 0.25 ml clear 0

L.stifie 0.5 ml turbid; fibrin clots 2

R.tarsus 0.5 ml turbid; fibrin clots 2

L.tarsus 0.6 ml turbid; large fibrin clot 2

39 R.carpus 0.5 ml clear 0

L.carpus 0.5 ml yellowish 0

R.stifle 0.25 ml clear 0

L.stifle 1.5 ml clear 0

R.tarsus 2 .0 ml greenish, flocculent; fibrin clots 2

L.tarsus 2.0 ml brownish flocculent; fibrin clot 2

kk R.carpus 1.0 ml green, turbid 1

L.carpus 1.0 ml green, turbid 1

R. s ti fie 2.0 ml green, turbid; fibrin clots 2

L.stifle 2.0 ml green, turbid; fibrin clot 2

R.tars us 0.5 ml yellow, turbid 1

L.tarsus 0.25 ml clear 0

78 R. carp\is 0.5 ml green, flocculent 1

L. carpus 0.25 ml clear 0

R .stifle 0.25 ml clear 0

L.stifie 0.25 ml clear .. 0

R. tars us 1.0 ml green flocculent; large fibrin clot 2

L. tars us 1.0 ml green flocculent; large fibrin clot 2

103 R.carpus 0.5 ml turbid 1

L.carpus 0.25 ml clear 0

R.stifle 1.0 ml turbid; fibrin clots. 2

L.stifle O.lj ml cloudy 1

R.tars us 1.5 ml turbid; fibrin clot 2

L. tarsus 2.0 ml turbid; fibrin clot 2

151 R.carpus 0.8 ml turbid 1

L.carpus 0.25 ml bloodstained, turbid 1

R. s ti fie 0.3 ml turbid: fibrin clots 2

L.stifle 0.25 ml turbid 1

R.tarsus 0.^ ml cloudy; large fibrin clot 2

L. tars us O.h ml cloudy; large fibrin clot 2
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TABLE 55 ~ continued.

Antiserum group

Lamb

69

Volume Arthritis

81

112

118

173

Joint of fluid Anuearance of synovial fluid s core

R.c arpus 1'.5 ml turbid green 1

L.carpus 1.5 ml turbid green 1

R.stifle 2.0 ml bloodstained 0

L. s ti fie 1.0 ml turbid, green flocculent 1

R.tarsus 1.5 ml turbid; fibrin clots 2

L.tars us 0.8 ml yellow flocculent 1

R.carpus 0.6 ml turbid 1

L.carpus 0.6 ml cle ar 0

R.stifle 0.5 ml turbid 1

L.stifle 0.25 ml turbid 1 '

R. tarsus 0.5 ml turbid; large fibrin clot 2

L. tarsus 0.25 ml clear 0

R.carpus 1.0 ml clear 0

L.c arpus 1.0 ml clear 0

R.stifle 0.5 ml cloudy 1

L.stifle 0.5 ml clear 0

R.tarsus 1.0 ml flocculent; fibrin clot 2

L.tarsus 0.J+ ml clear 0

R.carpus 0.5 ml clear 0

L.carpus 0.5 ml clear 0

R.stifle 0.5 ml clear 0

L.stifle 0.U ml turbid; large fibrin clot 2

R. tars us 0.25 ml clear 0

L.tars us 1.0 ml green, flocculent; large fibrin clot 2

R.carpus 0.1+ ml clear 0

L.carpus 1.0 ml turbid green 1

R.stifle 0.25 ml clear 0

L.stifle 0.25 ml clear 0

R .tarsus 0.1+ ml flocculent; fibrin clot 2

L. tarsus 0.5 ml clear yellow; fibrin clot 2
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TABLE 55 - c

Control grou

Lamb Joi

91 A. car

j . CELi

R.sti

L.s ti:

R .tar

L. tax

inued'

Volume
of fluid

0.25 ml

0.25 ra2

0.25 hi

0.25 hl

0.25 hi

0.3 ml

Uninoci

188

Arthritis
rrpearance of sy£ al fluid score

clear 0

-fcurb 1

clea 0

clea 0

clef-' • 0

cloudy 1

R. car 1.0 ml flocculent 1

L.carj 0.25 m clear 0

R.sti j 0.25 h clear 0

L.sti: 0.25 r, very large clot 2

R. tart 0.8- m. cloudy; very large fibrin clot 2

L.tarf 0.6 m fibrin clots 2

R.car 0.8 ir cloudy; fibrin clots 2

L. car 1.2 r flocculent 1

R.sti 0.25 clear 0

L.sti 1.0 cloudy 1

R.tac 2.5 turbid, flocculent; fibrin clots 2

L. tf 2.5 turbid, flocculent; fibrin clots 2

control

•pus 0. clear 0

rpus 0 clear 0

ifle 0 clear 0

-ifle 2 clear 0

irsus 1 . . :: 1 clear 0

L. "cars us 1.0 ml * clear 0
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Microscopic lesions: The following features were recorded, in

affected joints:

(a) Proliferation of.the lining cells of the membrane, see figures 18 - 20

(b) Irregularities in the integrity of the synovial membrane, see figure

18 and 19.

(c) Inflammatory exudate - "oedema"

(d) The presence of neutrophils which were either focal or'diffuse, in

the membrane or in the sub-synovial tissues - see figures 18,19,21.

(e) Tne presence of fibrin in the tissues or in the joint space - see

figures 23 and 2h.

(f) Ulceration of the synovial membrane - see figures 21, 22.

Abbreviations used in table 58:

Mem.Irreg. = Irregularities of the synovial membrane

Mem. Prol. = Membrane proliferation

Tissue Are. = Areolar type synovial tissue

Tissue Adi. = Adipose type synovial tissue

Tissue Adi./Are. )
0 = Intermediate types

Tissue Are./Fib. )

Haem. - Haemorrhage.



 



Figure 18. This shows loss of integrity of

surface cell layer and infiltration with

neutrophil polymorphs.

Figure 19. This shows the same features as

Figure 10.



 



Fi£ure_20. Adipose type synovial membrane

showing a small focus of increased cellularity.

Figure 21 . This shows an ulcerated area of

membrane with fibrin exudation and cellular

infiltration.



 



Figure 22. This also shows a discrete ulcer

with fibrin exudation and cellular infiltration.

Figure 2d. This fibrin clot is very extensive

and overlies much of the synoval membrane which

is relatively normal.



 



Figure 24. This is essentially the same sort of

lesion as seen in Figures 21 and 22, but the fibrin

clot is longer and the increase in cellularity

more pronounced»
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TABLE
56

Microscopic
Pathology

Vaccine
group
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_
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„
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Oedema
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.

„

Haem.

Irreg.
Prol.

Synovial
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Space

+
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TABLE
56

-

continued

Microscopic
Pathology

Vaccine
group

Neutrophils
Fibrin

Serial

Tissue
Mem.

Mem.
_

-en

Sub

In

Joint

Arthri

_

_

Oedema
Focal

Diffuse
„

.

.

m.

„

Ulcers
Haem.

No.

Irreg.
Prol.

Synovial
Tissue
Space

scoj

78RC

Are.

+

+

+

1

78LC

Are/Fib.

0

78RS

Are.

0

78LS

Are.

0

78RT

Adi.

+

+

+

+

+

2

78LT

Are.

+

++

+

++

2

103RC

Adi.

+

+•

1

103LC

Adi.

+

+

+

2

103RS

Adi.

+

+

1

103IS

Are.

+

1

103RT

Adi.

+

+

+

_

2

103LT

Adi.

+

+

I

151RC

Are.

+

+

++

1

151LC

Are.

+

+

+

1

15

IRS

Are.

+

+

+

1

151LS

Are.

+

+

+

++

+

+

+

++

+

++

2

151RT

Are.

+

+

+

+

2

151LT

Adi/Are.

0
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TABLE
56

-
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continued

Microscopic
Pathology

Antiserum
group

N

e

u

t

r

0

p

h

i

1

s

Fibrin

GerialNo.

Tissue
Mem.Irreg.
Mem.

_

.

_

.

Oedema
Prol.

Focal

Diffuse
SubSynovial
In

Joint

Tissue
Space

Ulcers

Arthritis
Haem.

„

Score

69RC

Are.

+

+

1

69
LC

Are.

+

+

+

2

69RS

Are.

+

+

+

+

2

69IS

Are.

+

+

+

1

69RT

Are.

+

+

+

+

1

69
LT

Adi
/Are.

+

1

8lRC

Adi.

0

81LC

Adi.

0

81RS

Adi.

+

+

+

2

81LS

Adi.

+

+

+

1

81RT

Are.

+

+

+
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Cytological observations

The results of the total cell counts and differential cell

counts are shown in table 57 where the total cell count exceeded

500 cells per cubic millimetre or the neutrophil polymorph

component was 10% or more, the joint fluid was considered to be

reflecting a state of inflammation in the joint.
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Lamb

Vaccine

Joint

group

Mean cell count

per cu. mm.
s ,d.

Differential
cell count
% Neutrophils

Arthritis
score

36 R. carpus 16,500 5,750 76.5 2

L. carpus 87,500 1+It,250 91.0 2

R.stifle NT NT NT

L.stifie 18,500 5,750 88.0 2

R.tarsus 5,550 It 1+0 99.0 2

L. tarsus 39,000 11,750 73.5 2

39 R. carpus 250 100 NT 0

L.carpus 500 8,000 83.5 2

R.stifle NT NT NT

L.stifie 1+.1+50 1,320 NT 2

R.tarsus 33,000 7,250 NT 2

L. tarsus 5^,000 12,000 7'i.O 2

1+1+ R.carpus 22,000 1+, 500 86.0 2

L. carpus 3^,000 5,750 86.5 2

R.stifle 71,000 12,250 89.0
'

2

L.stifle 55,000 10,500 83.5 2

R. tars us NT 0 0

L. tars us NT 0 0

103 R.carpus 95,500 Not calculable 88.0 2

L. carpus 1+1,500 Not calculable 90.0 2

R.stifie 111,000 Not calculable 91.5 2

L.sti fie 95,500 Not calculable 7U.5 2

R. tars us 52,000 Not calculable 95.5 2

L. tarsus 18,375 3,360 95.0 2

151 R. carpus 3l+,700 Not calculable 92.0 2

L.carpus 2U,U00 Not calculable 91.0 2

R.stifle 10,875 Not calculable 90.0 2

L.stifle 27,850 Not calculable 89.0 2

R. tars us 88,000 Not calculable 93.0 2

L. tarsus 31,750 Not calculable 83.5 2

178 R. carpus 7,150 1,850 86.0 2

L. carpus 325 Not calculable 0 0

R.sti fie NT 16 0

L.stifle NT NT NT

R. tarsus 35,500 9,750 87.5 2

L.tars us 12,500 5,500 81+.5 2
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Cytology

Antiserum group

179

Lamb Joint Mean cell count
s d

Arthritis
per cu. mm. % Neutrophils score

69
'

R.carpus 78,000 19,750 NT 2

L.carpus 11,500 2,250 87.5 2

R.stifle 93,000 1M50 NT 2

L.stifie 93,000 36,750 87.5 2

R. tarsus 320 160 39.0 2

L. tarsus 100 Not calculable 0 0

81 R.carpus No cells counted 25 70.0 C.

L.carpus No cells counted 500 0 0

R.stifle 22,500 13,000 81.5 2

L.stifle 3,850 825 82.5 2

R. tarsus 31,000 6,000 80.0 2

L.tarsus NT 26.0 2

112 R. carpus k,200 1,125 31*.0 2

L. carpus 100 Not calculable 0 0

R. stifle 20,150 2,900 76.5 2

L.stifle 0 0

R. tars us 23,000 7,000 87.0 2

L.tars us 150 Not calculable 1.0 0

118 R. carpus 250 Not calculable 0 0

L. carpus 250 Not calculable 0 0

R.stifle 250 Not calculable 0 0

L.sti fie 18,000 9,000 90.5 2

R. tarsus 350 Not calculable 0 0

L. tarsus 30,500
'

9,750 80.5 2

173 R. carpus No cells counted 300 0 0

L. carpus 69,500 Not calculable 93.0 2

R .stifle No cells counted 300 59.0 2

L.sti fie 10,200 J.Tot calculable 81.5 2

R.tars us 200 Not calculable 10.0 2

L. tars us 1*0,000 Not calculable 33.0 2
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Control group

Lamb Joint Mean cell count

per cu. mm.
s .a.

% Neutrophils
Arthritis

score

91 R. carpus 500 Not calculable 0 0

L.carpus 1,500 Not calculable 58.0 2

R.stifle NT NT NT

L.stifle NT NT NT

R.tarsus 300 Not calculable 12.0 2

L.tarsus It ,000 Not calculable 87.0 2

101 R. carpus 19,825 2,300 68.0 2

L.carpus Us,000 Not calculable 85.5 2

R.stifle NT 0 0

L. stifle 13,150 3,860 82.0 2

R. tars us 15.000 Not calculable 87.0 2

L. tarsus 33,000 11,000 73.5 2

lilt R.carpus 10,000 7,000 lit.5 2

L. carpus ItO Not calculable 0 0

R.stifle NT 3.0 0

L. stifle 12,700 1,925 96.0 2

R. tarsus !t6,900 6,375 82.0 2

L. tarsus It,500 2,050 lt7.0 2

Uninoculated control

188 R.carpus 100 0 0

L.carpus 100 0 0

R.stifle 100 0 0

L.stifle 100 0 0

R. tarsus 300 0 0

L. tarsus 600 0 0
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Scoring system and .judgement of arthritis

In order to arrive at a reasonably objective system for

deciding whether or not particular joints were inflamed, the gross

pathological, microscopic pathological and cytological observations

were all taken into account. This was done through the use of

a scoring system which allowed the three groups of observations

to be pooled. The system used was as follows:

Points

Gross pathology synovial fluid clear 0

synovial fluid turbid only 1

fibrin clots in joint 2

Mircoscopic pathology no detectable lesions 0

mild proliferative changes

and slight neutrophil

infiltration 1

more severe lesions 2

Cytology total cell count greater than

500 cells per cubic mm or a

neutrophil proportion greater

than 10% 2

A score of U and above was token as indicating that the

joint was arthritic.

The scores and the final judgement are recorded in

table 58.
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TABLE 58

Lamb Joint Gross
Path

Cytology Microscopic
Path

Total
Arthritis
Score

Arthritis
Judgement

Vaccine Group:

36 R.carpus 1 2 2 5 +

L.carpus 1 2 NT 3 -

R.stifle 0 NT 1 1 -

L.stifle 2 2 1 5 +

R.tarsus 2 2 2 6 +

L.tarsus 2 2 2 6 +

39 R.carpus 0 0 0 0 -

L.carpus 0 2 1 3 -

R.stifle 0 NT 0 0 -

L.stifle 0 2 1 3 -

R.tarsus 2 2 2 6 +

L.tarsus 2 2 2 6 +

R.carpus 1 2 1 b +

L.carpus 1 2 1 b +

R.stifle 2 2 1 5 +

L.stifle 2 2 2 6 +

R.tarsus 1 0 0 1 -

L.tarsus 0 0 0 0 -

78 R.carpus 1 2 1 b +

L.carpus 0 0 0 0 -

R.stifle 0 0 0 0 -

L.stifle 0 NT 0 0 -

R.tarsus 2 2 2 6 +

L.tarsus 2 2 2 6 +

103 R.carpus 1 2 1 b +

L.carpus 0 2 2 b +

R.stifle 2 2 1 5 +

L.stifle 1 2 1 b +

R.tarsus 2 2 2 6 +

L. tarsus 2 2 1 5 +

151 R.carpus 1 2 1 b +

L.carpus 1 2 1 b +

R.stifle 2 2 1 5 +

L. stifle. 1 2 2 5 +

R.tarsus 2 2 2 6 +

L. tars us 2 2 0 b +
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TABLE 58 - continued

Lamb Joint Gross
Path

Cytology Microscopic
Path

Total
Arthritis
Score

Arthritis
Judgement

Antiserum group

69 R.carpus 1 2 1 1+ +

L.carpus 1 2 2 5 +

R .stifle 0 2 2 1+ +

L. stifle 1 2 1 1+ +

R.tarsus 2 2 1 5 +

L.tarsus 1 0 1 2 -

8l R.carpus 1 2 0 3 -

L.carpus 0 0 0 0 -

R.stifle 1 2 2 ■ 5 +

L.stifle 1 2 1 1+ +

R .tarsus 2 2 2 6 +

L.tarsus 0 2 1 3 -

112 R.carpus 0 2 1 3 -

L.carpus 0 0 0 0 -

R.stifle 1 2 2 5 +

L. s ti fie 0 0 0 0 -

R. tars us 2 2 2 6 +

L.tarsus 0 0 0 0 -

118 R.carpus 0 0 0 0 --

L.carpus 0 0 0 0 -

R.stifle 0 0 0 0 -

L.stifle 2 2 1 5 +

R.tarsus 0 0 0 0 -

L. tarsus 2 2 2 6 +

173 R.carpus 0 0 0 0 -

L.carpus 1 2 1 k +

R.stifle 0 2 0 2 -

L. stifle 0 2 1 3 -

R.tarsus 2 2 2 6 +

L. tarsias 2 2 2 6 +
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TABLE 58- continued

Lamb Joint Gross
Path

Cytology Microscopic
Path

Total
Arthritis
Score

A.rthritis
Judgement

Control group

91 R.carpus 0 0 0 0 -

L.carpus 1 2 2 5 +

R.stifle 0 NT 1 1 -

L.stifle 0 NT 0 0

R .tarsus 0 2 1 3 -

L. tarsus 1 2 1 it +

101 R. carp-us 2 2 1 5 +

L.carpus 1 2 1 it +

R.stifie 0 0 0 0 -

L.stifle 1 2 1 k +

R.tarsus 2 2- 2 6 +

L.tarsus 2 2 2 6 +

llii R.carpus 1 2 2 5 +

L.carpus 0 0 0 0 -

R.stifie 0 0 0 0 -

L.stifle 2 2 2 6 +

R .tarsus 2 2 2 6 +

L. tarsus 2 2 2 6
.

+

Uninoculated control

188 R. carpus 0 0 o ■ 0 -

L.carpus 0 0 0 0 -

R.stifle 0 0 0 0 -

L.stifle 0 0 0 0 -

R. tarsus 0 0 0 0 -

L.tarsus 0 0 0 0 -
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DISCUSSION:

All the lambs which received the challenge dose of bacteria

developed some degree of polyarthritis. The lesions were generally

exudative in character with a prominent infiltration of synovial

tissues by neutrophil polymorphs. The lesions seen were broadly

similar to early lesions seen in other species - this subject has

already been reviewed. It is reasonable to assume that, while a

proportion of these inflamed joints would eventually heal, many of

the affected joints would eventually develop the typical proliferative

lesions of chronic E.rhusiopathiae arthritis seen in pigs (Collins &

Goldie (19^0) and sheep (Tontis, K8nig, Luginbilhl, Nicolet & Gl&ttli

(1977)).

Gross and microscopic examination of the joints did not reveal

significant features which might enable one to predict whether or not

a certain joint was likely to resolve its lesions or progress to a

chronic arthritic state.

The clinical signs of polyarthritis were as common in the

treated as the control group and no real differences in severity of

lameness could be seen between the groups. Nor did the cytological

or microscopic observations reveal any real differences between the

joint lesions of any of the experimental groups.

Since it is not possible to predict whether or not an acutely

arthritic joint will resolve or proceed to a chronic state, then
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presumably arthritic joints belonging to lambs in any of the

experimental groups would be equally likely to proceed to the

chronic state.

Similarly bacterial examination showed that joint infection

had the same frequency in all the experimental groups. As a

digression it is interesting to note the presence of the organism

in the faeces and tonsils of a few lambs - it is known that the

organism appears in these sites in pigs soon after infection

(Wood (1967)).

After a consideration of the results of the gross pathology,

microscopic pathology, cytology and bacteriology, one is inevitably

drawn to conclude that under the conditions of this experiment the

vaccine and antiserum have failed to protect the lambs against the

development of Erysipelothrix polyarthritis when compared with

their peers in the untreated control group.'

In order to facilitate examination of the factors which may

have had an effect in bringing about this result the factors affecting

the efficacy of the antiserum will be considered first then those

affecting the vaccine and finally factors which affect both of them

will be discussed.

Failure of the antiserum treatment

While it is possible that this particular aliquot of Swine
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Erysipelas Antiserum (Wellcome) was defective because of manufacturing

fault or poor storage conditions it would seem to be most unlikely.

The dose of antiserum used is an obvious matter for consideration.

The dose arbitrarily chosen was based on the manufacturer's recommendations

for prophylactic treatment of pigs. Nothing has been published about

the dosage of this antiserum in lambs and so the dose -used may-have been

too low.

The time lapse between injection of the antiserum and challenge

is another, variable which must be considered. The interval in this

trial ranged from 10 - 15 days which is within the 3 weeks period which

the manufacturers claim to be the length of time which pigs can be

considered protected. Little is known about the use of commercial

antiserum in the lamb but it is obvious that the period of prophylaxis

will depend on the initial dose of antibody given to the lamb.

Failure of the vaccine treatment

The possibility of the failure of immunogenicity of this batch

was investigated by correspondence with Wellcome Research Laboratories.

The potency of this batch of vaccine (VA ^99) had a potency assay

titre of 153 units per millilitre in the mouse protection (Nagy (1976)

personal communication) which is well in excess of the legal minimum

requirement.

The dose of vaccine used again was based on the manufacturer's
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recommendations for its use in pigs. The immunisation schedule was

also based on these recommendations and followed the scheme normally -

used for the immunisation of sheep against bacterial diseases such as

Clostridial infections. However, it is possible that to induce

sufficiently high levels of immunity in sheep, the vaccine doses

might have to be increased and givdi more frequently.

The use of zinc sulphate turbidity test has verified that the

lambs in the experiment had generally adequate amounts of colostral

antibody. This evidence would eliminate deficiency of colostral

antibody as a reason of the failure of the vaccine treatment.

Another puzzling feature of the failure of the vaccine treatment

has been the absence of a serological response to vaccination. This

suggests that either the wrong kind of serological test were used or

that no demonstrable antibodies are produced by the vaccinated animal

because the main response is cell mediated. This would make it

impossible for a passive immunity to be derived by the offspring.

The Wellcome vaccine was developed for use in pigs by the skin

scarification and later intramuscular routes of infection (Nagy (1976)

personal communication). The experiment of course used the intravenous

route for the challenge. This is a more direct means of introducing

bacteria into the circulation and ultimately to the joints, and since

the vaccine was not developed to meet such.a challenge, it was perhaps un¬

reasonable that the intravenous route was chosen. The routes of



infection used by experimenters to reproduce Erysipelothrix infections

in pigs and sheep have been various. (See review of literature

Section II 3.2.1.). Faced with such a wide choice of routes to

chose from at the beginning of the experiment and with so many pros and

cons attached to the use of any one, the intravenous route was chosen

because it was a simple way of getting an accurate dose of E.rhusiopathiae

into the lambs and from the experience gained in the initial tjrial it

appeared to offer a reasonable change of causing disease in the control

lambs - a very necessary feature in an experiment forced to use such

small experimental groups.

Factors common to the failure of the Antiserum and Vaccine

A recent report from the Veterinary Investigation Service (Anon,

(197*0) suggested that an apparent vaccine failure in pigs was due to

antigenic differences between the vaccine and field strains of

E.rhusiopathiae. Tnis observation contradicts the experimental

evidence reviewed earlier, (Section II review 2.3) which has shown

in mice' and pigs that cross protection is normally adequate between

strains. Nevertheless, the report does throw some doubt on the

ability of a vaccine strain to protect against heterologous challenge

as was the case in this experiment.

The size of the challenge dose is an obvious point for discussion.

The standard volume of the challenge dose, 6 ml. contained about 16 -

ft
2k x 10 cfu per kilogramme. Therefore in this experiment the volume

6 ml. was chosen because it was estimated that it would contain about
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3 or U minimal infective doses. This, it was felt*, was a reasonably-

certain means of producing disease in the control lambs and of pro¬

viding an adequate challenge to the experimental groups.

t

The reasons for the choice of the intravenous route for challenge

have been outlined. It is an obviously important issue in a vaccine/

antiserum trial. It is more convenient to discuss its effect in the

final discussion at the end of this work.

SECTION II Experiment 2

INTRODUCTION

The serological results obtained following vaccination of the ewes

in Experiment 1 completely failed to show a significant rise in titre

as a response to the vaccine. Upon reflection, it was felt that the

vaccine schedules might not have been suitable for use in the sheep.

In particular, it was thought necessary to investigate the possibility

that following repeated vaccination sheep might show a transient

rise in titre not detected in the previous experiment because of the

relatively long periods between vaccine doses. This small trial

was undertaken with a view to study serological responses to vaccination

at a shorter interval following vaccination.

I4ATERTAIo MP METHODS

Animals - Two Finnish Landrace X Merino lambs of 2 months of age

were obtained from the farm of a local research institute. The lambs
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were kept out at grass, in contact with other sheep during the trial.

Vaccine - The vaccine to he used was the Wellcome Swine Erysipelas

vaccine Lot No. 9002U expiry date August 1976.

Procedure- Both lambs were examined before the start of the trial

to ensure that they were free of the clinical signs of disease^ Four

venous blood samples were taken and three subcutaneous injections of

2 mis of the vaccine were given according to the schedule summarised

below.

Day 0 Blood sample 1st vaccine dose

Day 12 Blood sample 2nd vaccine dose

Day 22 Blood sample 3rd vaccine dose

Day 29 Blood sample

After collection and separation serum samples were stored at -20°C

until required for testing.

Serological tests: All the sera collected were subjected to

the following tests whose methods have been described in an earlier

section.

1) Microtitre agglutination test

2) Growth Inhibition test

3) Counter immuno electrophoresis test

k) Agar gel immunodiffusion test
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RESULTS - The results are recorded in tables 58 ~ 6l.

TAELE 98 Microtitre agglutination test

Lamb Preimmunis ation Day 12 Day 22 Day 29

5x1 k 8 16 16 16 16 32 32

5 x 2 16 16 8 8 32 16 16 16

TABLE 59 Growth Inhibition test

•

Lamb Preimmunisation Day 12 Day 22 Day 29

5x1 HW 20 20 20 20 20 20 20 20

KW 7 5 5 5 5 5 5 5

5x2 HW 20 20 20 20 20 20 20 20

KW 7 5 7 7 5 5 5 5

TABLE 60 Counter immuno electrophoresis test

Lamb Preimmunisation Day 12 Day 22 Day 29

5 x 1 - - - - - - -

5x2 - - - — ~ - —

TABLE 6l Agar gel immunodiffusion test

Lamb Preimmunis ation Day 12 Day 22 Day 29

5 x 1 _ - - - - - -

5x2 - - - - - - -

It can be seen that no rise in titre was recorded as measured by

these tests.
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DISCUSSION:

The failure of these lambs to develop a detectable serological

response to repeated vaccination would' suggest that it was unlikely

that the ewes in Experiment 1 had showed a transient rise in titre

which was not detected because of the relatively long time lapse _

between vaccination and blood sampling.

» #

SECTION II Experiment 3

INTRODUCTION

This experiment was undertakenin order to confirm the results

of the short trial undertaken, experiment 2 by repeatedly vaccinating

the ewes used previously in experiment 1.

MATERIALS AND METHODS

The experiment was carried out at the Veterinary Field Station

farm using the ten ewes which had been previously vaccinated during

pregnancy.

Vaccine: The vaccine used was the Wellcome Swine Erysipelas

Vaccine Lot. No. 90021+, expiry date August 1976.

Procedure: Two further 2 mis doses of the vaccine were given

to the ewes by subcutaneous injection. Venous blood samples were

taken at the time of injection and a final sample taken one week after

the last injection. The complete schedule of vaccinations and blood
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sampling to which the ewes were subjected is summarised in table 62.

TABLE 62

Time in weeks Procedures

0 preimmunisation blood sample
3 1st vaccine dose

5 2nd vaccine •dose

l6 3rd vaccine dose

c. 18 h-8 hour post partum blood sample

30 blood sample

32 blood sample 5th vaccine dose

33 final blood sample

After collection, serum samples were separated and stored at

- 20°C until required for testing.

Sera were subjected to the following serological tests for the

presence of E.rhusiouathiae antibody.

1) Microtitre agglutination test

2) Growth inhibition test

3) Counter immunoelectrophoresis test

U) Agar gel immunodiffusion test.

RESULTS

1) Microtitre agglutination test. The results of this test

are illustrated by figure 25 which shows the mean titres of the sera

of each group of sample expressed as the ~Log2 of the reciprocal of
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the dilution. From this graph^it can he seen that after the fourth

and fifth vaccine doses the mean titre of the sera shows a slight rise.

Analysis of variance of the transformed data was carried out

and the results are shown in table 63.

TABLE 63

Source of Sums of Degrees of Mean Variance
variation squares freedom Square ratio

Between groups l8l.o5 1+ 1*5 .1+1 122.73
Within groups 37.20 93 0.37

Total 215.85 97

A variance ratio of this value is highly significant and indicates
a difference in the mean titres.

LBSULTS

2) Growth Inhibition test - The mode values of the HW and mean

values of the KW showed no significant change in response to vaccination:
this is shown in table 67.

TABLE 67

•

j. • 78 hour 30 32 38Preimmunisation , , ,

post partum weeks weeks weeks

HW Mode 20 20 20 20 20

KW X 5.1 5.1 5.7 7.8 7.5
n 17. 19. 20 20 19

s.e. 0.79 0.39 0.1*2 0.39 0.37
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3) Counter Immunoelectrophoresis test.

U) Agar gel immunodiffusion test

Negative reactions were recorded, for all the sera samples when

tested by these precipitation methods.

The results of this experiment show that repeated vaccination

can raise the mean agglutination titre of the group. Although

statistically significant this rise in agglutinin is not very large

"but it suggests that vaccine schedules or formulation may be important

in stimulating a detectable antibody response.

SECTION II Experiment U

INTRODUCTION :

It has been seen in experiment 3 that repeated vaccinations with

the Wellcome Swine Erysipelas Vaccine can induce a slight rise in

agglutinin titre of a group of ewes.

In the discussion of experiment 1 it was suggested that the

apparent failure of the vaccine might have been due to either strain

differences between the vaccine strain, the agglutination test strain

and the challenge strain. It was also suggested the formulation

of the vaccine might be of importance to the development of protective

immunity and measurable antibody titres. This experiment was

designed to compare the serological responses of adult ewes to the

Wellcome Swine Erysipelas Vaccine, a similarly formulated vaccine made

from a sheep strain of E.rhusiopathiae and two oil based vaccines
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prepared from the same sheep strain of the bacteria.

In addition, this experiment should allow comparison of the

effect of bacteria strain differences and of the vaccine formulation.

MATERIALS AND METHODS:

The animals - i+0 home bred Cheviot ewes, aged between 2'and 5

years were available for this study. The ewes were in early

pregnancy during the exi>eriment. They were randomly assigned to

five groups:

Group 1-9 ewes

2 - 8 "

3 8 "

1+ - 8 "

5 - 7 "

Groups 2-5 were vaccinated, while group 1 acted as an unvaccin-

ated control group.

Materials to be tested:

As already mentioned ^ vaccines were tested, their details are

given below.

(a) Commercial vaccine: The Wellcome Swine Erysipelas Vaccine

Lot No. 9002U, expiry date August 1978 was used. A

standard dose of 2 mis was used throughout the trial

(b) An aluminium hydroxide absorbed, formalin treated whole

culture vaccine was prepared as follows:-



198

The E.rhusiopathiae strain chosen for the vaccine was Strain

121, a serotype 2 organism which was isolated from the arthritic

tarsal joint of a Cross Suffolk: wether lamb during the abattoir

survey. The strain had been maintained in the lyophilised state

since its isolation.

A vial of the lyophilised culture was reconstituted with a few

drops of sterile nutrient broth and inoculated on to two blood agar

plates. After overnight incubation at 3T°C and a check of the

Gram Staining and colonial morphology of the culture, a loopful was

inoculated into 400 mis of sterile No. 2 nutrient broth containing

5% added Seitz filtered horse serum. The seeded broth was then

incubated at 3T°C for U8 hours.

After incubation a small aliquot of the broth culture was

removed and inoculated on to a blood agar plate; and 1.6 mis of

Formaldehyde solution [b0% solution) was added to give a final
. . v/

concentration of 0.ky<> V. The culture flask was then replaced

in the incubator at 37°C overnight, with the blood agar plate seeded

from the broth.

Another small aliquot of broth culture was removed from the

flask and inoculated on a blood agar plate, which was then incubated

at 37°C overnight. The blood agar plate inoculated the previous

day was examined to ensure that the broth culture was a pure growth

of E.rhusiopathiae by examination of the Gram staining and colonial
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morphology of the growth. The flask of formalin treated broth

was placed in the refrigerator at h°C while the seeded blood agar

plate was incubated overnight at 37°C. After incubation this plate

was examined to ensure that the growth in the flask had been killed

by the formalin.

Following the satisfactory completion of the check a small

volume of the sterile broth culture was removed and used in the

titration of the Aluminium hydroxide gel (Alhydrogel) according to

the method of Herbert (196T)- Tnis titration revealed that the
"

V/
optimum concentration of Alhydrogel would be 30% V. To achieve

this concentration approximately 150 mis of Alhydrogel were added to

395 mis of the formalin treated broth. The contents were mixed

thoroughly and allowed to stand overnight at room temperature (l8°c).

The suspension of broth with added Alhydrogel was then centri¬

fuge! at 300 g for 10 minutes and enough supernatant fluid removed

to leave only 150 mis. After the addition of 0.15 gms of Thiomersal

as a preservative the preparation was then ready for use, and stored

at ^°C until required.

(c) Water in oil emulsion of aluminium hydroxide adsorbed vaccine.

This vaccine was prepared from the bacterin described in section

(b) above. The emulsion was prepared according to the method of

Herbert (1967) and gave an oily emulsion of Erysipelothrix bacterin

similar to that described by Jungk & Murdock (1957).
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Using a 60 mis disposable syringe (Brunswick) 35 nils of the

bacterin prepared in (b) above, was forcefully ejected a little at

a time through a 21 gauge needle into an equal volume of sterile

Freund's incomplete adjuvant in a 100 mis medical flat bottle.

Between each addition the bottle was shaken vigorously. After all

the bacterin had been added to the adjuvant the mixture was repeatedly

drawn up and ejected from a syringe through as fine a needle as

possible until the emulsion became very viscous.

In order to check that the correct emulsion had. been made a few

drops were allowed to fall on to the surface of some cold water and a

few drops extruded beneath the surface of the water. These simple

tests suggested by Herbert (1967) showed that the correct water in oil

emulsion had been formed. The vaccine was stored at b°C until required.

(d) Multiple emulsion vaccine:

A vaccine of this kind was manufactured by Muggleton & Hilton

(1967). Thirty two millilitres of the emulsified vaccine described

in (b) above were placed in a 100 mis medi'cal flat bottle. To this
. w/

was added 50 mis of sterile phosphate buffered saline with 2% V

added Tween 80 (BDH). The-mixture was shaken vigorously for 5

minutes by hand. After this time a small volume of the fluid was

drawn up into a syringe, the needle tip was held beneath the surface

of a beaker of water and the fluid ejected. The emulsion came out

of the needle in a milky cloud which mixed freely with the water. A

few drops of the multiple emulsion were also examined microscopically

/
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as suggested by Herbert (1967). The multiple emulsion appeared to

have been successfully formed. The vaccine was stored at U°C until

required.

Precautions:

Before use of the vaccines certain tests were carried out to

check the sterility, toxicity and stability of the three vaccines

prepared in the laboratory.

1) Sterility

A 0.5 mis aliquot of each of the three vaccines was seeded into

10 mis of No. 2 Nutrient broth containing 10$ added horse serum. The

broths were then incubated overnight at 37°C. After incubation

blood agar plates were inoculated from the broths , and the plates

then incubated for 1+8 hours at 37°C. No growth was observed on any

plate.

2) Toxicity

Fifteen random-bred 12 week old male mice randomly assigned to

three equal groups. The mice of each group received a 0.1 rnls

subcutaneous injection of one of the vaccines. Mice were examined

daily for local lesions and signs of general health for 6 days before

the use of the vaccines in the sheep and for k days after. All the

mice remained in good health during the period of observation although

small swellings developed at the injection sites of those mice which

had received the oil containing vaccines.
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3) Stability

The vaccines were maintained at b°C for a week before use in

the sheep. During this time a slight separation of the phases

of the multiple emulsion was observed. The emulsion checks however

were repeated with satisfactory results.

Procedure:

The forty ewes were assigned to groups as follows:-

Group 1-9 ewes Unvaccinated control group

8 ewes Commercial vaccine group (Comm)2

3

1+

5

8 ewes Al(0H)3 adsorbed vaccine group (Al)
8 ewes Waterin oil emulsion vaccine group (WO)

7 ewes Multiple emulsion vaccine group (WOW)

All the ewes were given their first vaccine dose by subcutaneous

injection behind the right elbow. The volumes of injection given are

listed below:-

Group 2 - (Comm) - 2 mis

3 (Al) - 2 mis

b (WO) - k mis

5 (WOW) - 10 mis

These volumes were chosen for the oil containing vaccines so

that each would contain the equivalent amount of antigen to the basic

Al(0H)2 adsorbed vaccine dose of 2 mis.
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A second dose of vaccine was administered by subcutaneous in¬

jection in the neck region. The vaccines administered as the

second dose were as follows

Group 2 (Comm) - 2 mis of commercial vaccine

Group 3 (Al)

Group 1+ (WO)

Group 5 (WOW)

- 2 mis of AlfOH)^ vaccine

Blood samples were taken from the ewes of each group before

vaccination and after vaccination. The vaccination and blood

sampling schedules are recorded below:

Day 0 Preimmunisation blood sample 1st vaccine dose

'lU 2nd vaccine dose

21 2nd blood sample

28 3rd blood sample

35 ^+th blood sample

h2 5"th blood sample.

After collection and separation sera samples were, stored at

- 20°C until required for testing.

The following serological tests were applied to the sera:-

1) Microtitre agglutination test

2) Growth inhibition test

3) Counter immunoelectrophoresis test

k) Agar gel immunodiffusion test.
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The individual results are recorded in Appendix 10.

Cutaneous reaction to vaccination:

An attempt was made to grade the size of the vaccine induced

reaction. Only the sites of the first vaccine dose were examined.

The lesions which occurred subcutaneously were normally ovoid in shape

with the long axis vertical. Tne injection sites were examined

each time the ewes were handled for blood sampling or vaccination,

an approximate grade was given to the lesion each time, according

to the following scale:-

Grade Lesions

.0 No lesion palpable

1 0.5 x 2 to 3 cms

2 2 x U to 5 cms

3 It x 9 to 10 cms

h 8 x 8 to 12 cms.

The presence of any discharge to the skin's surface was also

recorded. The individual results are recorded in Appendix 11.

Results:

l) Mierotitrc agglutination tost

No significant rise in mean antibody titre could be detected

in the groups of ewes which had received the commercial and the

Aluminium hydroxide adsorbed vaccines. This is summarised in

table 65, which shows the mean titres with the standard errors in

brackets.
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TABLE 65

Date of sample
Group 0 21 28 35 1+2

5.00(0.20)

5.33(0.19)

5.36(0.27)

5.93(0.25)

6.31(0.17)

By contrast post vaccination samples from the ewes in groups

receiving oil Based vaccines do show rises in mean titre. This is

illustrated in figures 26 and 27 which compare the group means with

those of the control group.

The statistical significance of these apparent rises in mean

antibody titre can be seen from the results of a Student's "t" test

(for the unpaired case) which were carried out.In each case the

vaccine group means were compared with the means of the control group:-

Group 1+ (WO):

Hay t value Significance

0 2.5 NS '

21 0.22 NS

28 3.16 P < 0.01

35 3.91+ P < 0.005

1+2 1.1+7 'NS

Control

Commercial
Vaccine

ai(oh)3
vaccine

WO vaccine

WOW vaccine

5.96(0.25)

5.Ul(0.2lO

1|.96(0.27)

5.17(0.16)

5.29(0.22)

It.22(0.39)

1+ .59(0.1+2)

1+.92(0.29)

5.33(0.29)

6.71(0.1+6)

6.17(0.15)

6.19(0.23)

6.38(0.21+)

7.31(0.31+)

7.1+3(0.23)

l+.89(0.31+)

5.!+!+(0.27)

5.69(0.28)

6.56(0.22)

6.36(0.23)
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Group 5 (WOW):

Day t value Significance

0 1.86 NS

21 k.Oh P < 0.005

28 k.j6 PC 0.005

35 3.37 P< 0.005

1+2 b.63 PC 0.005

2) Growth Inhibition test

No significant changes in titre were observed in the Growth

Inhibition titres of any of the sera following vaccine. Mean titres

are shown in table 66.

TABLE 66

Preimmunisation 21 28 35 b2
HW KW HW KW HW KW HW KW HW KW

Control X 20 6.0 20 5.9 20 3.1 20 U.5 20 6.3
s .d. 1.7 1.1 2.2 3.1+ 1.0

Commercial 20 0.9 20 5.3 20 3.3 20 5.0 20 5.0
* 0.2 0.7 1-3 0- 0

A1 20 2.1+ 20 6.1 20 3.9 20 1+.5 20 5.0
2.1 1.8 2.1 1.1+ 0

WO 20 5.0 20 5.5 20 1+ .8 20 3.5 20 5.5
i.9 0.9 3.0 2.1 0.9

WOW 20 6.3 20 6.6 20 5.0 20 5.7. 20 7.0
0.7 0.7 0.8 0.7 1.0

3) Counter immunoelectrophoresis test

k) Agar gel immunodiffusion test

s
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No positive reactions were recorded, for any of the sera, before

or after vaccination.

Subcutaneous reaction to vaccination

Every ewe which was vaccinated was found to have some degree of

reaction to the 1st vaccine dose. Figure 28 shows the mean of the

scores given to the subcutaneous lesions. The lesions palpated

were firm fibrotic nodules of various sizes. In the case of the

two sheep which developed abscesses the palpable mass was softer

than those lesions which did not abscess and on subsequent examination

was found to have discharged to the skin's surface.

From the data presented it is evident that those sheep receiving

the oil containing vaccines, particularly the multiple emulsion

suffered from extremely large subcutaneous reactions, which were still

readily palpable at 7 weeks after injection.

DISCUSSION:

Subcutaneous reaction to vaccination

The commercial and the other alum precipitated vaccine induced

similar subcutaneous swellings of a fairly mild nature. Both the

oil based vaccines provoked an intense reaction by the fourteenth

day after injection.
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While there were sheep in both groups in which the lesions

had regressed by day k2, there were others still showing marked

subcutaneous swellings.

The obvious severity of the lesions provoked by the multiple

emulsion suggests that the emulsion was unstable and had broken down.

Clearly lesions such as those induced by the oil based vaccines are

unlikely to be acceptable in normal commercial use of an Erysipelas

Vaccine unless the benefit could be shown to be worthwhile.

Serological responses

The only test which was able to detect significant rises in

titre was the Microtitre agglutination test and of the four vaccine

treatments tested only the two oil-based vaccines brought about a

significant detectable rise in antibody titre.

These results suggest that the formulation of the vaccine is

important to the development of agglutinins. There would appear

to be little difference in the ability of the strains to induce

agglutinin production.

It has been possible to detect a significant rise in the group

mean titre using the Microtitre agglutination test, but it is clear

from a perusal of the individual titre results that the responses are

so variable that the test would have no value in measuring an

individual's response to vaccination.
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SECTION II EXPERIMENT 5

INTRODUCTION

The previous work has shown that agglutinin production can be

stimulated by vaccination and that this rise in antibody titre can

be detected in ewes receiving oil-based vaccines. These earlier

results prove that the vaccine, made up with an oil adjuvant is anti¬

genic when injected into sheep.

Once this has been demonstrated it was necessary to investigate

whether or not the rise in antibody titre could be icorrelatedl with

active immunity. Since the intravenous route of challenge had

been found to be rather too successful in inducing polyarthritis it

was necessary to find a method by which a possible resistance to

infection could be quantified. In the pig various in vivo methods

have been tried - these are discussed in the review of the literature

(Section II 3.2.1.). In lambs vaccinal immunity has been tested by

Munday & Sharman (1965) using an unspecified "skin challenge" followed

by daily rectal temperature readings.

Following a pilot trial in two lambs it was decided to adopt a

challenge method based on the intradermal injection of live bacteria

followed by daily measurements of rectal temperature and skinfold

thickness.

This experiment was carried out in two parts using the groups of

ewes which had previously been used in the vaccine experiments described

earlier and was designed to compare the ability of the various vaccines
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to protect the ewes against the lesions produced, by skin challenge.

PART I

MATERIALS AND ■METHODS:

(1) The place: These studies were carried out on the Veterinary

Field Station farm while the ewes were at grass.

(2) The animals: Nine of the ten ewes used in experiment 2,

Section II, were available for his study. In addition, a control

group of 11 unvaccinated ewes in the same flock were also used. The

intradermal injections were given 12 weeks after the last dose of

vaccine had been injected.

Materials to be tested:

The ewes had earlier received 5 doses' of commercial vaccine as

a part of the earlier experiments, no further vaccine doses were given.

Bacterial strain used:

Strain 121 of E.rhusiopathiae, serotype 2, which had been isolated

from the arthritic tarsus of a yearling wether during the abattoir

survey, was used. The strain had been maintained in the freezedried

state since soon after isolation. A vial was reconstituted with a

few drops of sterile broth ana the fluid used to inoculate two blood

agar plates. After overnight incubation at 3T°C the Gram staining

and colonial morphology of the growth was checked and a loopful of

the growth used to inoculate a 10 mis volume of No. 2 nutrient broth

containing 10% added sterile horse serum. This broth was then

incubated overnight at 3T°C.



After the broth had "been incubated a loopful of the culture

medium was removed and seeded on to a blood agar plate; this plate

was then incubated overnight at 37°C. Formaldehyde solution BP

was added to the broth (0.05 mis) to make a concentration of 0.5$.

This broth was then returned to the incubator for an overnight

incubation.

The blood agar plate which had been inoculated before the

addition of Formalin was examined as before to ensure that the broth

had contained a pure growth of E.rhusiopathiae. A further blood

agar plate was inoculated from the formalin treated broth as a check

on the sterility of the broth.

Following inoculation of the second plate the formalin treated

broth was stored at 4°C until required (within 3 days). This

preparation was to represent the "dead" challenge.

A second broth culture was prepared in the same manner with the

exception of the addition of formalin and subsequent steps. This

culture which was intended to represent the "live" challenge was

prepared for the morning of its intended used.

A sterile Wo. 2 nutrient broth with 10$ added horse serum was

prepared as the control fluid.
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Procedure:

The twenty ewes were "blood sampled and had their rectal

temperatures recorded. Each ewe received two intradermal injections of

0.05 mis of each of the following:

(a) 2k hour live "broth culture of strain 121

(b) 2k hour formalin killed culture of strain 121

(c) sterile 10% serum broth.

Each ewe was given a total of six injections.

The injections were given with disposable 1 mis syringes and

a 25 gauge needle. The injection sites were on the inside of both

thighs according to the following pattern. Injections were made

about 2.5 cms apart. Before injection the skinfold thickness of

the proposed site was measured with a pair of calipers. Marks,

made with a marker pen lateral to the injection site indicated the

injection site for subsequent examination.

Intradermal injections have been used by several authors

(see literature review of vaccination item 3.2.1.) as a measure of

vaccinal immunity. When the measurements of the skinfold thicknesses

had been taken, the values of each pair of reaction sites was added.

In order to avoid dealing with fractions the resulting totals - which

represented the sum of the skinfold thickness at two injection sites

were not divided by two. The skinfold thickness measurements, at

each site of injection, of each ewe are recorded in Appendix 12. The

sums of the total skinfold thickness measurements are also recorded in



213

Appendix 12.

On days 1, 2, U, 5 s^id 6 after injection the rectal temperatures

were recorded and the skinfold thicknesses at the six injection sites

were measured. The rectal temperatures of the individual sheep

are recorded in Appendix 13.

Serology:

Serum samples which were stored at -20°C were subjected to the

(1) Microtitre Agglutination test

(2) Growth Inhibition test

(3) Counter immuno electrophoresis test

(U) Agar gel immuno diffusion test.

The individual results are recorded in Appendix l'l.

PART II

MATERIALS AND METHODS

The animals: Of the UO Cheviot ewes described in Experiment 3

Section II, 35 were available for this experiment. The groups were

as before with the exception of the control group which consisted of

only 5 ewes.

Procedure:

Tnis was identical to that described for the ewes of the first

part of this experiment with the following exceptions.

(a) the skin lesions and rectal temperatures were measured



214

everyday for the six days after injection.

(b) no injection of sterile broth without bacteria was 'used.

The results of the skinfold thicknegs measurements are

recorded in Appendix 15 and the rectal temperatures in Appendix 16.

PART I

l) RESULTS: - Rectal temperature:

The results of rectal temperature measurements are summarised

in table 67.

TABLE 67

Vaccine

Group 0 1

D A

2

Y

4 5 6

X 38.41 38.79 38.20 38.63 38.74 38.46

n 9 9 9 9 9 9

s .e. 0.17 0.08 0.07 0.14 0.17 0.12

Control

Group

X 38.76 39.04 38.85 39.54 39.60 39.12

n 11 11 11 10 11 11

s ,e. 0.10 0.09 0.11 0.24 0.24 0.18

Student
' t' test

0.44 0.49 1.08 0.79 0.67 0.70

It can be seen1 that there is no significant difference between

the means , although three individual ewes of the control group did

have rectal temperatures in excess of 40.5°C on either day It or 5

after challenge.
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Skinfold thickness measurements:

Sheep of the control group tended to have bigger skinfold

measurements at the site of live challenge than the vaccinated sheep,

while vaccinated ewes tended to have larger measurements at the site

of dead challenge than the control sheep Neither group had much

reaction at the site of the sterile broth control injection.

The live site skinfold thickness measurement minus the dead site

measurement was considered to be a value which represented the reaction

of the individual ewes to the effects of the live organism, compared

with any reaction due to presence of dead E.rhusiopathiae. The

value of dead site skinfold thickness measurement minus the skinfold

thickness at the control site was taken to represent the individual's

reaction to the dead E.rhusiouathiae antigens as opposed to the non

bacterial antigens of the culture fluid itself.

Figure 29 illustrates the differences in the reaction of the

groups to the effect of the live challenge. The graph shows the

live minus dead skinfold thickness measurement. Significant

differences in the means of the groups were recorded on days 2, b, 5

and 6 after challenge.

While there was no significant difference between the mean values

of dead minus control skinfold thickness measuremens of the two groups,

a few individuals in the vaccinated group were seen to have a certain

degree of reaction to the antigens of E.rhusiopathiae.
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Serology: - Serological results:

1) Microtitre Agglutination test

The vaccine group had. a mean -log2 titre which was significantly

higher than the titre of the control group. This is summarised

statistically in table 68.

TABLE 68

Vaccine group Control group

X 7.2 5.0

n 17 20

s .e. 1.6 1.2'

Student 't* test t = 3.6 P 0.2%

The mean value of the vaccinated did not differ significantly from

the titre 12 weeks earlier - see experiment 3 Section II.

The pre challenge agglutination titres did not correlate

significantly with the ewes' reaction to the live bacteria as

estimated by the live minus dead skinfold.thickness measurements.

2) Growth Inhibition test

No significant differences were recorded between the mean titres

of either HW or KW values of the vaccinated and control groups. Nor

did the KW values of the vaccinated group differ significantly from

the mean titres recorded 12 weeks earlier in experiment 3 Section II.

i
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3) Counter immuno electrophoresis test

h) Agar gel immuno diffusion test

No positive results were recorded for any of the serum samples

collected.

PART II

2) RECULTS :

Rectal temperatures:

No significant variation in the mean rectal temperatures of the

five groups was recorded during the period of the experiment. Nor

were any of the individual ewe's rectal temperatures found to vary

significantly from the mean value of the control group. '

Skinfold thickness measurements:

The data for the individual sheep is shown in Appendix 18.

The mean variation in skinfold thickness at the sites of live and dead

E.rhusionathiae injections are illustrated in Figures 30 - 3^.

Dead site: The reaction at this site was considered to be

the animal's response to the whole antigenic content of the vaccines.

Analysis of variance (Appendix 17) revealed that the differences in

mean values were significant on day 1-5 (inclusive) after challenge.

It is evident that the reaction (as measured by skinfold thickness)

of the groups receiving the two oil containing vaccines was greater

than the reaction of the two groups receiving the AJ^QH)^ adjuvant
vaccines, which themselves had reactions which were slightly greater

than the reaction of the unvaccinated control group.
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Live site: Increase in skinfold thickness at this site may

be considered to represent reaction to two factors -

(a) the whole antigenic content of the challenge material

(b) the activity of the live bacteria.

Factor (a) is estimated by the measurement of the skinfold

thickness increase at the dead challenge site.

Factor (b) is estimated by the value live minus dead site skin¬

fold thickness increase.

Analysis of variance revealed that significant differences

between the group means of live minus dead skinfold thickness increase

measurements existed on days 2, 5 and 6 after challenge. Within

group variations on day 1,3 and k measurements obscured the differences

between the means on those days .

It was also found that the means of all the vaccine groups

were not significantly different except on days 5 and 6. When the

results of live minus dead site skinfold thickness increase measure¬

ments of all the vaccine groups are pooled and compared with the

control group by means of the Student's 't1 test it is found that

the mean values are different on each day 1-6.

The mean of all the vaccine groups may be compared with the control

mean by reference to figure 35.

Serology: These results were recorded and discussed in the previous

experiment.
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DISCUSSION

The ewes in part I of this trial were not examined on day 3

after challenge "because the pilot trial indicated that the response

to challenge was likely to have declined "by this stage. However,

in the full scale trial the observations show that the reaction in

the control group is very much present during this period and only

begins to decline on about day 6.

The main conclusion which one can reach from the results of

this experiment is that vaccination can protect sheep against the effects

of intradermal challenge with live E.rhusiopathiae . It is clear

that this protective immunity is not correlated with any of the titres

measured by the serological tests used in this experiment. The

results of part 2 of this experiment suggest that in this test system

none of the vaccines used has shown itself to be superior to any of

the others. It is also clear that the protection has not depended

on the strain of the organism used to produce the vaccine.

Vaccination has also prompted a reaction against dead antigens,

the skin thickness increase depending on the formulation of the

vaccine.

SECTION II EXPERIMENT 6

INTRODUCTION

Work so far has shown that vaccination does have an effect in
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protecting ewes against skin challenge. It is also known that

microtitre agglutination titres can "be raised slightly by vaccination.

This serological response is significant but small as measured by the

ordinary microtitre test.

Attempts were made to find means of measuring the serological

responses of sheep to vaccination by other methods in the hope of

demonstrating these responses more reliably.

Microtitre Agglutination Test:

Introduction: While it has been possible to demonstrate

significant rises in the mean titres of groups of sheep, vaccinated

with E.rhusiopathiae vaccines, these rises have been small compared

to the titres found in sera of polyarthritis animals. The use of

the microtitre agglutination test as a means of detecting vaccinal

antibodies in sheep or of predicting immune status of individual sheep

would not appear beneficial.

The test, as described earlier, uses' the standard antigen strain

NFiiEl, a serotype 2 organism, used by Heuner (1958). Nielsen (1969)

pointed out there is no evidence that the agglutinin titre of a serum

is affected by the strain of antigen used in the test. However it

was felt that an attempt to measure agglutinin titres of vaccinated

sheep with the same strain of E.rhusiopathiae used in the vaccine,

would prove to be a useful exercise which would either confirm Nielsen's

1
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findings or perhaps allow the vaccinal response to he more easily

detected.

Materials and methods:

Samples: The serum samples collected and tested in Experiment 3

of this section were used. The samples had been maintained at -20°C

since their collection.

Technique: The technique of the microtitre agglutination test

has been described earlier. The methods used in this trial were

identical except for the strains of antigen used. Three batches

of antigen were prepared, one from each of the following antigen:-

NFUEI - the standard antigen for this test. ■

C1X - a serotype 2 organism of ovine origin used as the

challenge organism in experiment 1 of this section.

CN33^2 - a strain supplied by Wellcome, used in the manufacture

of Swine Erysipelas vaccine, which had been administered

to the ewes as earlier described.

Sufficient antigen was prepared from each strain to allow a repetition

of the test.

Results:

The titres of the sera recorded in Appendix 18 were transforemd

into the -Log2 values of the titres. The mean values, standard

deviations and standard errors of the transformed titres are recorded

in table 69.
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Analysis of variance calculations were carried out to determine

whether the antigen used in the test had had a significant effect in

the estimation of the mean titre of the sera. It can he seen that

mean titres of sera collected on the first four occasions measured by

the three antigens, are found not to be significantly different.

However, examination of the mean titres of the last group of samples

and the analysis of variance reveals that the antigen C1X has produced

a significantly lower mean value than the other two antigens.

When one examines the rise in mean titre induced by vaccination

by considering the analysis of variance of the mean values produced for

each group of samples by each of the three antigens, it can be seen

that antigens NF^El and CN33^2 have measured significant rises in the

mean titre following vaccination whereas there is no significant rise

measured by antigen C1X.

Discussion:

The results indicate that the use of the vaccine strain as the

antigen in the Mierotitre agglutination test has had little effect on the

antibody titres recorded, compared with the other antigens used. These

results support Nielsen's conclusion that the strain of antigen used has

little effect on the agglutinin titres measured. While the analysis

of variance test carried out on the "Between antigen" variation has

shown that there is a significant difference between the means of the

titres of the 29/7/75 samples, the difference in the means, although
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great and is unlikely to be of any practical significance.

TABLE 69

Statistical analysis of transformed Microtitre agglutination titres

Sample NFl*El C1X CN 33l*2

19/12/Ik X 5.00 5.11 U.67 NS
n 18 18 18

sd 1.33 1.08 0.81*
se 0.31 0.25 0.20

1*8 hour X U.85 1* .1*5 5.10 NS

post n 20 20 20

partum sd 1.27 1.00 1.17
se 0.28 0.22 0.26

11/7/75 X 1* .95 l*. 80 ^.65 NS
n 20 20 20

sd 1.39 1.20 1.17
se 0.31 0.27 0.26

23/7/75 X 6.05 5.10 5.90 NS
n 20 20 20

sd 1.50 1.1*5 1.1*5 .

se 0.3U 0.32 0.32

29/7/75 X 6.20 5.25 6.30 Significant
n 20 20 20

sd 1.1*7 1.16 1.53
se 0.33 0.26 0.31*
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Results: - Analysis of variance between antigens (transformed data)

(1) Preimmunisation samples

Sums of Squares

Between groups

Within groups

Total

1.92

61.T8

63.70

(2) U8 hour Post partum samples

b.30

75.30

Between groups

Within groups

Total 79.60

(3) Samples collected 11/7/75

Between groups

Within groups

Total

0.90

76.70

77.60

(h) Samples collected 23/7/75

Between groups 10.
Within groups 112.11

Total 122.55

(5) Sampls collected 29/7/75

Between groups 35.01

Within groups 89.57

Total 12U.58

df Mean Squares

2 0.96

51 1.21

53 Variance ratio 0.79

2 2.15

57 1.32

59 Variance ratio 1.63

2 O.U5

57 1.35

59 Variance ratio 0.33

2 5.22

57 1.97

59 Variance ratio 2.65

2 17.51

57 1.57

59 Variance ratio 11.15

P < 1%
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Results: Analysis of variance between samples (transformed data)

(l) Antigen NFlEl

Between groups

Within groups

Sums of Squares

3^.20

181.65

(2) Antigen C1X

Between groups

Within groups

Total 215.85

.8.15
131.U8

Total 139.63

df Mean Squares

U 8.55

93- 1.95

97 Variance ratio h.38

P<1$

k 2.05

93 l.Ul

97 Variance ratio 1.1+5

(3) Antigen CN331+2

Between groups

Within groups

Total

^3.5^

13U.35

177.89

k 10.89

93 l.bk

97 Variance rati'o 7.56

p 1%

Passive Haemagglutination Assay

A short investigation was undertaken into the possible value

of the passive haemagglutination assay of Poole & Counter (1973) as

a test suitable for measuring the antibody content of sera of

naturally infected sheep or sera of vaccinated sheep.
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Materials and Methods>

The method used was based on the work of Poole & Counter (1973)

and Anderson, Johnston & Smith (1972).

Sheep red blood cells (SRBC): these were collected in Alsever's

solution from a sheep possessing "r" erythrocytes. Unsensitised

SRBC were stored for up to 4 weeks at ^°C in Alsever's solution.

Before use the SRBC were washed three times in. phosphate buffered

saline (pH 7.^0 and made up to a concentration of 12$ V^v in PBS.

Equipment: The test was carried out using the Cooke Microtitre

system (0.025 mis) with V bottom plates.

Preparation of Antigen:

Strain C1X of E.rhusionathiae was used to prepare an overnight

culture in two litres of No. 2 Nutrient broth containing 5% added sterile

horse serum. The growth was harvested by centrifugation and yielded

approximately 0.8 mis of packed cells. After three washes in 30 mis

of phosphate buffered saline (PBS) the centrifuged cells were placed

in a small mortar containing 20 mis of cold acetone. Tne mass was

ground thoroughly for 10 minutes. The mortar was then allowed to

stand uncovered overnight at room temperature. The next morning

8 mis of PBS were added to the dried powder, stirred up and poured

into a Universal vial. The suspension was then centrifuged to

clarify the supernatant fluid which was carefully removed and stored



227

at 1+°C until required (within 2-3 days).

Sensitisation of the SRBC

Preliminary studies had shown that optimum titres were

obtained in the test when the amount of antigen used to sensitise

the SRBC was increased to ten times the level recommended by Poole &

Counter (1973) - 3 mis of the soluble antigen was used to sensitise

each unit of 0.12 mis of packed SRBC.

Once the antigen solution had been added to the SRBC in a

cylinder and the erythrocytes resuspended by gentle swirling, the

suspension was incubated in a water bath at 37°C for 60 minutes.

After incubation the SRBC were washed three times in an excess

of fresh PBS, by repeated centrifugation and resuspension. Finally

the erythrocytes were made up to a 1.2% concentration in PBS.

Conducting the'PEA:

Doubling dilutions of the test sera in PBS with 0.2% bovine

serum albumen were made in V bottom microtitre trays. (Earlier trials

had shown that endpoint determination was more positive than could be

achieved with U bottom trays.) Dilutions of sera were duplicated

in order that one set of dilutions could be used as a negative

control by the use of non-sensitised SRBC from the same donor sheep.
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Sensitised SRBC and nonsensitised SRBC were then added to their

respective sets of wells and the trays covered and incubated for 2

hours at 4°C.

Test sera: Two sera from confirmed cases of Erysipelothrix polyarthritis

were each tested five times. Sera from six ewes which had been

vaccinated in experiments 1 and 2 of this section were tested. The

sera were samples collected prevaccination, 48 hours after birth and

30 and 32 weeks after1 the first sample was collected.

Results: No haemagglutination was seen in any of the negative

control wells. The following titres were recorded for the test sera.

TABLE 70

Vaccinated Preimm 48 hour 30 32
ewes post partum weeks weeks

G.13 16 . 8 16 64

G.62 4 4 8 16

G.96 4 8 8 16

G.99 4 4 4 32

K.84 4 4 8 8

H.115 16 4 16 64

X 8.0 4.7 18.0 33.3

When the titres of the vaccinated ewes are transformed to

- log2 as shown in table 71
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TABLS T1

Vaccinated Preimm bd hour 30 32
ewes post parturn weeks weeks

G.lb b 3 1+ 6

G.62 2 1 3 1+

G.96 2 3 3 1+

G.99 2 1 2 5

H.8U 2 2 3 3 -

H.115 1+ 2 6 6

X 2.7 2.0 3.5 b.7

the rise in the mean titre is found to be significant as demonstrated

by the analysis of variance •

Sums of Square df ms

Between groups 23.80 3 7.93

Within groups 26.16 20 1.31

Total 1+9.9 6 23 Variance ratio ■

An interesting comparison may be made between these results and

the results of the microtitre agglutination test titres for these

sera quoted in the earlier part of this section, see table 72.
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Titres are expressed as the -log^ (mean of two tests)
TABLE 72

Vaccinated Preimm 1+8 hour 30 32
ewes post partum weeks weeks

G.13 5.0 3.5 It.5 6.5
G.62 1+.0 k.O 5.0 6.5
G.96 NT k.O it .0 6,0

G.99 k.O 3.5 5.0 . it.5
H.8U it.5 5.0 3.5 6.5

H.115 5.5 5.5 5.0 7.0

X 3.8 It.3 it.5 6.2

While there is a positive correlation (r = 0.87) between the

means of the titres of the two methods it can be seen that the

microtitre agglutination titres are generally higher than corres¬

ponding values of the passive haemagglutination assay.

A similar situation exists with regard to the positive poly-

arthritic sera which were each tested five times by this method.-

DC 6U, 128, 256, 256, 256 (5120 - 201+80)

FD21 512, 512, 512, 102it, 102it (5120 - 1021+0)

Microtitre agglutination titres are shown in brackets.

It is evident that the high titres which may be recorded by

the microtitre agglutination test fail to appear in the passive

haemagglutination assay.
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Discus siory The passive haemagglutination assay as compared with

the microtitre agglutination test appeared less sensitive. It

also involved greater preparation and was not found to be easily

repeated during early trials. Another unfavourable comparison

was economy: it was far more expensive to perform.

After these preliminary studies it was decided that it did

not appear to be more useful than the microtitre agglutination test

in the measurement of antibody induced by infection or vaccination.

Haemagglutination Inhibition Test

This test was used by Wellmann (l966);and Janowski ,

Truszczynski and Wasinski (1966) to measure vaccinal antibodies in

pigs . Tne latter authors felt that it was superior to the complement

fixation test and agar gel diffusion test in evaluating vaccinal

immunity.

An attempt was made to find a strain of 5 .rhusiopathiae capable

of agglutinating fowl erythrocytes for lose, in the HIT. Ten strains

of ovine origin were examined by the method of Heuner (1957) hut none -

was found which could be relied on to consistently bring about

haemagglutination.

This work was undertaken too late in the project to allow for

the work to be carried out to find a suitable haemagglutinating

strain.

;
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Mouse Protection Trial

Introduction: As a continuation of the work to find techniques

suitable for reliably detecting vaccinal antibodies in sheep two

mouse protection trials were conducted. They were preceded by an

estimation of the minimal lethal dose of the challenge strain of

E.rhusiopathiae employed.

l) Minimal lethal dose (Mid) estimation:

Materials and methods. Twelve 5 week old male mice of the

CBA/ca inbred strain, weight IT - 18 g were obtained from the

Edinburgh University Centre for laboratory animals. They were

allotted at random to six unequal groups, two groups of 3 mice,

two groups of 2 mice and two groups of 1 mouse each.

An overnight broth culture of strain 121 was prepared in the

usual manner in No. 2 nutrient broth containing 10% added sterile

horse serum. Logarithmic dilutions of this culture in nutrient

broth were then prepared up to 10~9.

Each mouse received 0.25 mis of its allotted dilution by intra¬

peritoneal injection. The table below shows the number of mice

receiving each dilution:-

-1+ -5 -6 -7 -8 -9
Dilution of broth 10 10 ' 10 10 1 10 10 *

Number of mice 1 2 3-3 2 1
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Following injection mice of each group were housed separately and

examined daily for 5 days.

After the completion of the mouse inoculations, predried blood

agar plates (6 to each dilution) were inoculated as described in an

earlier section. After overnight incubation of these plates the

colonies were counted as an estimate of the number of colony forming

units in the original broth.

Results:

The table shows the effect of the injections on the mice.

Dilution io-1+ 10~5 10"-6 10-? 10-8 10"9

Number alive 0 0 1 3 2 1

Number dead 1 2 2 0 0 0

All the dead mice died within three days of injection.

The colony count estimation gave the viable count of the original
8 8

broth culture as 3.39 x 10 with a standard deviation of 679-72 x 10

per millilitre. Therefore actual viable counts given to mice in

the 0.25 rnls injections were as follows

Dilution Viable count (cfu)(approximate)
104 8,500
105 850

106 85
10T 8.5
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Therefore the minimal lethal dose would appear to be between

8 and 85 cfu's per mouse.

Mouse protection trial

This trial was carried out twice, identical methods were used

for both trials.

Materials and methods:

For each trial 5 week old male mice of the CBA/ca inbred strain,

weight 17 - 18 gms were used. The mice were divided at random into

8 groups of three mice.

Sheep sera to be tested:

SEra from the ewes of Group 2 (commercial) which had received two

doses of the Swine Erysipelas Vaccine (Wellcome) in experiment 3 of

this section were bulked. Samples from the preimmunisation collection

and from the b2 day collected were bulked separately. Half a milli-

litre of the serum of each ewe being taken and mixed with the other sera

to give a total volume of mis for each sample.

Dilutions of the bulked sera in phosphate buffered saline were

then prepared as follows:- l/5} 1/10 and 1/50.

Procedure:

Subcutaneous injections of 0.25 mis of serum dilutions were given

to mice in the neck. Table 73 shows the groups of mice and the serum
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preparation they received.

TABLE 73

Dilution 1/1 1/5 1/10 1/50

Preimmunisation sera 3 mice 3 mice 3 mice 3 mice

Post immunisation sera 3 mice 3 mice 3 mice 3 mice

On the day following administration of the sera each mouse

received an intraperitoneal injection of 0.25 mis of a 10 ^ dilution

in nutrient broth of an overnight broth culture of strain 121 prepared

as described earlier.

Mice of each group were then housed separately and inspected daily

for 7 days .

A viable count estimation of the challenge broth culture was

carried out in the usual way, and a retrospective estimate of the

infecting dose for each mouse calculated.

Four mice chosen at random for heart blood culture,
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Results:- Mouse survival

TABLE 7^

First trial

Antiserum Day 0 1 2 3 U 5 6?

Preimmune serum 1/1 3 deal

1/5 1 dead 2 alive
1/10 2 dead 1 dead

1/50 3 dead

Post vaccinat- /n 0 , , , , •1/1 2 dead 1 alive
ion serum

1/5 3 dead ;

1/10 3 dead

1/50 3 dead

TABLE 75 Second trial

Antiserum Day 012

Preimmune serum 1/1 3 dead

1/5 1 sick 2 dead

1 dead

1/10 2 sick 3 dead

1/50 2 sick 2 dead

1 dead

Post vaccinat¬
ion serum

1/1 3 dead

1/5 2 sick 3 dead

1/10 1 sick

2 dead

1/50 2 sick 3 dead

The estimated challenge doses given in each trial were

Trial X sd

1 950 56
2 866 bl
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The two challenge doses were approximately 10 to 100 times the minimal

lethal dose, which was determined earlier.

Discussion:

The results of the experiment would seem to indicate that the

sera of the vaccinated ewes did not contain sufficient antibodies to

protect the mice against intraperitoneal challenge with the live

bacteria. The level of challenge used within the 1000LD50 recommended

by the British Veterinary Codex for the testing of Swine Erysipelas

Antisera. However, it is to be regretted that these trials did not

include known protective antisera.

Another possible reason for the apparent failure of the vaccinated

antisera to protect the mice might be that at relatively low levels of

immunity the strain specificity effects are important.

SECTION II EXPERIMENT 7

INTRODUCTION

The work so far carried out has demonstrated that vaccination can

induce immunity capable of reducing the effects of an intradermal

injection of E.rhusiopathiae. None of the serological methods used

to test the sera of vaccinated sheep have been able to consistently

demonstrate a strong correlation with resistance to intradermal challenge,

nor was it possible to demonstrate any protective antibodies in the

sera of vaccinated sheep through the mouse protection tests carried out.
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It has been possible to show that actively immune sheep have a

resistance to infection with E.rhusiopathiae. It remains to be

seen whether this immunity can be passed on to lambs in colostrum.

That is the purpose of this next experiment.

MATERIALS MP METHODS

Seven adult Cheviot ewes were given two subcutaneous dosfes of

2 ml of the Wellcome Swine Erysipelas Vaccine during the third month

of their pregnancy, with an interval of two weeks between injections.

At the time of the first injection, each of the ewes was bloodsampled -

the separated sera being stored at -20°C. A third 2 ml does of

vaccine was given by subcutaneous injection two weeks before the

expected date of lambing.

A similar group of seven ewes in the same flock were set aside

to provide lambs for the control group. They received no

vaccinations and were not bloodsampled until after lambing.

The vaccine used was the Wellcome Swine Erysipelas Vaccine Lot

No. 88872 (expiry date May 1976).

Tne strain of E .rhusiopathiae used as the challenge was strain

121 as used in the earlier experiments. This was used to prepare

overnight broth cultures used for the live challenge injection.

Each preparation of broth culture was made by reconstituting a
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lyophilised vial of the culture, the suspension "being inoculated on

to a "blood agar plate which was incubated overnight at 37°C. A

loopful of the growth was then used to inoculate a universal vial

containing 10 mis of No. 2 Nutrient "broth with 10% added sterile

horse serum.

After overnight incubation at 37°C the broth culture was* ready

for use. The purity of the growth was checked by inoculating a

blood agar plate from the broth culture. This growth was examined

after overnight incubation to ensure that the Gram staining and

colonial characteristics resembled those of E.rhusio-pathiae. A

preparation of a formalin killed broth culture was made as earlier

described to act as a "dead" challenge.

Procedure

The ewes and their lambs intended for challenge were blood-

sampled eight days after birth. Sera were stored at -20°C. Each

lamb received h intradermal injections - 2 of live broth culture and

2 formalised culture of 0.05 mis on the medial aspects of the right

and left thighs.

Rectal temperatures of the lambs were taken daily for six days

after the challenge in the case of the lambs of the vaccine group and

up to 2 days after the disappearance of erythema in the case of the

control group lambs.
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Skinfold, thickness measurements of the injection sites were

taken with a skin caliper before injection and daily thereafter.

The presence or absence of erythema at the injection sites was also

recorded and an estimate of the area of the lesion made by me-asuring

the diameter in two planes at right angles to one another.

The general clinical appearance of the lambs was also checked

at the daily examination and any signs of stiffness or lameness

recorded.

Of the seven ewes selected to form the vaccine group, two were

not available for the administration of the 3rd vaccine dose and were

therefore unsuitable for use in the experiment. Ewe H31 died of

pregnancy toxaemia and ewe K123 developed a chronic pneumonia.

Ewe H96 lambed within 7 days of being given the 3rd vaccine dose and

had to be excluded from the trial.

Rectal temperatures

In order to allow interpretation of the rectal temperatures

recorded during the experiment, a normal range was established by

analysis of the rectal temperatures of the lambs taken before challenge.

This is contained in Appendix 19.

All the temperature readings were summed and the 95$ confidence

limits (x + I.96 standard deviations) were calculated.

1
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Mean 39.86

Standard deviation 0.35°C

1.96 x s.d. 0.69°C

Therefore the range of normal values within the 95% confidence

limit was ^+0.55 - 39-17°C. From this range it was arbitarily

decided that 1+0.6°C should represent the threshold of pyrexia:

RFSULTS

The results of the daily examinations of the lambs for the

presence of clinical signs, erythema at the injection sites and

rectal temperature readings are in Appendix 20. The individual

results are illustrated in figures 36 - 50.

The results recorded for lambs g8 and g9 clearly do not follow

the pattern set by lambs g2 to g7. While no abnormalities were

detected during the routine purity check of the challenge broth used

on lambs b6, b7, g8 and g9, it is felt that the results recorded for

lambs g8 and g9 indicate a deficiency in the potency of the challenge

used on those four lambs. Data from lambs b6, b7> g8 and c-9 have

been excluded from further analysis.

Rectal temperatures:

The irie;in temperatures of vaccine group unci control group are

illustrated in figure 51. Student 't' test was applied to the

data and indicated that significant differences existed between the
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means on day 1+ and 5 after challenge.

TA3LE 76

Day df t value P Significance

0 9 2.05 > 5 %
1 8 0.15 >5%
2 8 - 1.62 > 5%
3 8 1.75 > 5%
k 9 3.93 <1% *

5 9 5.1U <0.1$
6 8 1.1+2 > 5$

While the mean values are a useful means of distinguishing the

control group from the vaccine group, examination of the individual

records shows that a degree of variation "between individuals response

to challenge exists and that the mean does not reflect the considerable

difference between groups.

Cutaneous reaction:

Erythema Unlike the similar intradermal challenge of adult ewes in

previous experiment, erythema was a constant feature of the cutaneous

reaction seen in the control group lambs with exception of G8 and G9.

The reaction at the live site was obvious although not always discrete.

The persistence of erythema at the live sites is recorded on figures

36 - 50 with corresponding temperature readings.

Skinfold thickness The mean live minus dead site skinfold thickness

increases are illustrated in figure 52. Again like the similar

observation in adults, considerable variation existed between individuals
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of the control group although the intergroup differences are the

greater.

Clinical signs

A transient stiffness was seen in lambs GU, G5 and G7 on

the day after challenge. In lambs G6 and G7 a definite lameness

developed on days ^ and 6 after injection (respectively). It was

not possible to determine the affected joints by clinical examination

although it was possible to determine which leg was affected. For

reasons of economy none of the animals in the experiment were

available for post mortem examination. It was therefore not possible

to confirm the diagnosis of suspected Erysipelothrix polyarthritis .

It was also necessary to introduce antibiotic therapy to treat the

condition.
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Serology

The results (reciprocal titres) of the microtitre agglutination

test carried, out on the sera of the ewes and their lambs is shown in

table 77-

TABLE 77

Lamb titre Ewe titre

Lamb No. Ewe No. Pre-imm. 8 days p<

B2 32 H93 32 6b

B3 16 G39 : 32 16

BU k H95 32 32

B5 b H95 32 32

b6 8 K17 32 6b

B7 16 K17 32 6b

G2 32 63 NT 6b

G3 8 H59 NT 32

Gb 16 GU7 NT 16

G5 k K23 NT 32

g6 16 Ml^i+ NT 16

G7 16 m85 NT 32

C-8 8 Cheviot NT l6

G9 32 Cheviot NT 16

None of these values are higher than those recorded in

trials and are not -useful indicators of vaccinal status.

Note Because all lanibs challenged at 8 days of age it was not

possible to be sure of having principal and control lambs for each

batch of broth. However Table 78 indicates the dates lambs

were challenged. All lambs challenged on the same day received
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the same batch of broth.

TABLE 78

22/1+/76

27A/76

29 A/76

3/5/76

5/5/76

6/5/76

7/5/76

16/5/76

b1

b2, g2

b3

bl, b5, g3

gu, g5

g6

g7

b6, b7j g8, g9

Discussion

The results of the earlier experiments have demonstrated that

intradermal challenge is a useful means of demonstrating vaccinal

immunity to E.rhusiopathiae in sheep.

This trial has shown that the same technique is useful in

demonstrating that passive immunity is present.

In doing so, it has demonstrated that vaccination of the

pregnant ewe and subsequent colostrum feeding can allow the neonatal

lamb to acquire resistance to skin infection with E. rhusiopathiae.

The small scale of this experiment was necessitated by financial

constraints. These constraints imposed limits on the size of the

experimental groups and made it necessary to use antibiotic treatment

on those lambs in the control group which developed clinical signs of
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polyarthritis. This meant that the cause of the polyarthritis

could not be precisely identified by bacterial examination. The

diagnosis of Erysipelothrix polyarthritis in these lambs remains

presumptive.

Another constraint upon the experiment which introduces the

possibility for error is the requirement that all the lambs should

be challenged at the same age. Tnis was necessary to ensure that

all the lambs were equivalent in terms of colostral antibody status.

Smith, Wells, Burrells & Dawson (1976) have shown that the half life

of ovine 1 gG is about 17 days and those of lgM and IgA about 7 and

2 days respectively.

This requirement led to the necessity of using challenge broths

prepared on different days. This unexpected failure of the challenge

to elicit recognisable response from lambs G8, G9, B6 and B7 is

presumably attributable to this reason.

SECTION II EXPERIMENT 8

INTRODUCTION

The work carried out in the previous experiments has demonstrated

that the intradermal injection of suspensions of.live and killed

E.rhusiopathiae provokes different responses in vaccinated and unvaccin¬

ated sheep. These changes are manifest by changes in skinfold
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thickness and skin colour. Obviously the nature of these changes

can be deduced from a general knowledge of pathology but it is

useful to study the affected tissues microscopically to confirm

as s umptions made.

The skin lesions produced by the injection of live and dead

E.rhusiopathiae was studied by microscope examination of biopsy

material from a vaccinated and an unvaccinated lamb.

MATERIALS AND METHODS

The Lambs: Two homebred lambs of 3 months of age were used

for this study. One of the lambs received two 2 mis doses of the

Wellcome Swine Erysipelas Vaccine by subcutaneous injection. The

injections were given two weeks apart, 10 days after the last

injection the lamb was challenged.

The challenge: Live (2U h) and formalin killed cultures of

strain 121 of E.rhusiopathiae were prepared in the same manner as

earlier described.

Challenge procedure: Each lamb received two intradermal injections

of 0.5 mis of the live and dead antigens, according to the method

described in the previous experiment. At the time of challenge each

lamb was blood sampled: the serum was separated and stored at -20°C.

t
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Rectal temperatures and skinfold thickness measurements

were also taken daily.

Biopsy procedure:

Biopsies of each of the live and dead injection sites were

taken from both lanibs on days 2 and 1+ after challenge.

After the inndi ul nr. poet of I,lie thigh hn<1 been cil enned , tl i n i n fee l.ed

and anaesthetised an elliptical area of skin about 2 cms x 1 cms was

removed from around the live and dead injection sites on days 2 and

1+. The biopsy samples were split longitudinally with a scalpel

blade - one half being placed in buffered formal saline, the other

piece being stored in liquid nitrogen.

Examination of the biopsy material:

(1) Tnin sections of each biopsy were stained with Haematoxylin

and Eosin. Sections stained by Gram's staining method were also

prepared.

(2) Cryostat sections of biopsy samples were cut for staining

by the fluorescent antibody method (indirect). However, attempts

to remove the sheep antispecies antibodies from the rabbit (anti-

Erysipelothrix) serum were unsuccessful in spite of repeated

absorptions with fresh liver and spleen cells. An attempt to

remove the antispecies antibodies from the rabbit serum by absorption

with a preparation of ground up sheep skin was also unsuccessful.



So the use of the fluorescent antibody method to show up the

E.rhusiopathiae in the tissues was unfortunately not possible.

RESULTS:

The results of the serological testing are shown in table 79.

TABLE 79

Vaccinated Non Vaccinated

Microtitre agglutination test 1/32 1/61+

Counterimmunoelectrophoresis -

Agar gel immunodiffusion

The rectal temperatures are shown in table 80.

TABLE 80 ' ■

Day Vaccinated Non Vaccinated

0 39.6° C 1+0.2° C

+ 1 39.8° C 39.^° C

+ 2 39 . 7° C 1+0.9° C

+ 3 39.8° C 1+0.3° C

+ 1+ . 1+0.2° C 1+1.1+° C
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The skinfold thickness measurements (in millimetres) are

shown in table 8l.

TABLE 81

Vaccinated Right leg Left leg

Day Dead site Live site Live site Dead site

0 1+ 1+ ' 1+ 1+
* * *

+1 2 2 2 2
*

+2 11 11

+3 1 1

11--

* Erythema at the site of injection

+ Preinjection measurement

Ron Vaccinated Right leg Left leg

Day Dead site Live site Live site Dead site

0 1+ 1+ l* 1+
+1 -2** 3* b* 2**

+2 2 U* U* 2

+3 - - 5* 2

+k - - b* 2

* Erythema at the injection site

** Ecchymotic haemorrhage at the injection site

+ Preinjection measurement
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Examination of microtome sections

from both lambs revealed differences in

the response observed.

Vaccinated lamb

The main lesion was a small focal lesion

in-the dermis. The lesion consisted

of clumps of bacteria - many in long
chains with a light cellular infiltration.
The major cell type present was the

plasma cell with polymorph neutrophils
and a few lymphocytes and macrophages
See figure 53.

'

the skin biopsy material

.e type and the severity of

Unvaccinated lamb

The lesion consisted of a diffuse

cellular infiltration, separation
of cells by inflammatory exudate

and discrete fibrin plaques. The

cells were mainly polymorph neutro¬

phils but macrophages and lympho¬

cytes were readily visible. No

foci of bacteria were seen.

A very small focus of degenerating No abnormalities could be

polymorph neutrophils with pyknotic detected,
nuclei could be seen. No bacteria

were visible.

Many of the arterioles and capillaries
in the dermis contained polymorph

neutrophils and erythrocytes. The best

of the tissue had a very light infilt-
ration of lymphocytes with a few poly¬

morph neutrophils. No bacteria
were visible.

The tissue was diffusely affected, £

few bacterial foci were visible, the

separation of the dermal cells by

inflammatory exudate was still
evident. The main cell type was

predominantly the lymphocyte with
a few polymorph neutrophils and

macrophages-. .See figure 5^-.

ead

ite"

No abnormalities could be detected. No abnormalities could be

detected.



 



Figure 53. Vaccinated lamb 48h post inoculation,

"live" site. Many long chains of bacteria can

be seen among the infiltrating neutrophil polymorphs.

Figure 54. Unvaccinated lamb 96h post inoculation,

"live" site. This shows a discrete focus of fibrin

exudation and associated inflammatory cells.
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DISCUSSION

The histological observations made in this study confirm the

observations made in the earlier skin injection experiments that

vaccination reduces the severity of skin infection with E.rhusiopathiae.

The effects of skin infection in the unvaccinated lanib were not

unexpected and consisted primarily of an exudation of fluid and

infiltration with neutrophil polymorphs and later of cells of the

mononuclear series. Some of these features were present in the

vaccinated larrib but to a lesser degree.

The reduction in severity of the skin lesions associated with

vaccination is probably due to the presence of the plasma cells and

possibly due to circulating antibody which could not be detected,

lymphocytes were also present in greater numbers in the skin lesion

of the vaccinated lamb and presumably were playing some part in

limiting the bacteria.

The reactions at the sites of inoculation of the dead bacteria

were minimal and could not be identified with confidence in the

sections. The focus of degenerating neutrophils seen in the

vaccinated lamb may have been associated with the skin injection but

it could not be identified as the site of injection with any certainty.

The observations made in this study confirm histologically the

findings of Piercy (197^) who found by bacteriological means that



intradermally injected E.rhusiopathiae were confined to the skin of

vaccinated lambs.

FINAL
DISCUSSION

The stimulus which initiated this project came from a desire to

find out why "arthritis" in sheep was apparently such a common disease.

Curiosity was aroused particularly by the desire to discover why the

condition appeared to be so much more important at the Edinburgh

Abattoir.

The abattoir survey showed that "arthritis" in abattoir sheep

could be divided into (a) osteoarthritis and (b) infectious arthritis.

The fact that "arthritis" in abattoir sheep consists of more than one

clinical entity means that recording abattoir losses due to "arthritis"

will not provide any information which can be of serious epidemiological

value. It is admitted that the quarterly returns submitted by

abattoirs to the Ministry of Agriculture, Fisheries and Food did contain

the information which initiated this study but once it is apparent that

the category "arthritis" is made up of more than one syndrome then the

scientific value of these quarterly returns is doubtful. Tnis is

particularly true of a condition like arthritis where much of the loss

caused by the disease is in the form of lost production on the farm

or when many sheep which are severely affected by arthritis would be

unsuitable for slaughter at an abattoir anyway.



The conclusion reached on completion of the survey was that

abattoir materials and information are very valuable for indicating

the presence of disease conditions but cannot be used for evaluating

the real importance of arthritis in sheep.

It has already been pointed out that abattoir sheep are a

selected population and consist primarily of fat lambs and cull ewes.

Accepting this frame of reference, it has been shown that at the

Edinburgh Abattoir osteoarthritis is seen mainly in the elbow joints

of older sheep and that Erysipelothrix polyarthritis is the most

commonly diagnosed infectious arthritis.

The osteoarthritis condition has been discussed, the hypothesis

presented; that it is the result of conformation defects relies on

the premises used to explain the high incidence of osteoarthritis in

the knee joints of obese humans (Radin, Paul & Rose (1972)).

Erysipelothrix polyarthritis was the most commonly diagnosed

infectious arthritis in this survey. The isolation of the

Micrococcus sp. Corynebacterium pyogenes and Alcaligenes sp. from only

five out of 123 joints examined indicates the sporadic nature of those

infections. Evidence of E. rhusiopathiae infection was shown in about

half of the joints from lambs examined - see table 10, Bacteriology and

table 16 Serology. Perusal of tables 13a and 13b shows that the

gross pathological features of joints from showing no evidence of



E .rhusiopathiae infection were not markedly different from those

joints known to he or have been infected. These cases may have been

the result of E.rhusiopathiae infection which could not be detected.

However, experience during the abattoir survey has shown that antibody

titres of joint fluid are very high in those joints which are

obviously diseased. The possibility remains that the joints not

showing evidence of E. rhus iopathi ae infection may have been suffering

from another disease condition; possibly another infection. At

present in the United Kingdom there is no other infection recognised

which affects lambs at the same age as Erysipelothrix polyarthritis.

However, in the United States of America, ovine polyarthritis due

to chlamydia has been recognised for many years. (Mendlowski &

Segre (i960) and Mendlowski, Kraybill & Segre (1960)), The condition

has also been recorded in Australia by Tammemagi & Simmons (1968).

Evidence for the presence of the disease in Scandinavia was also

presented by Mollerberg & Jacobson (1972). Further work would be

necessary before the presence or absence of the disease could be shown

in this country.

The abattoir survey has not precisely quantified the importance

of Erysipelothrix polyarthritis in sheep but it has confirmed that it

is a reasonably common disease of abattoir sheep. In the field the

disease is sufficiently unusual and the manifestations often dramatic

enough to excite comment. Without doubt much of the interest in

Erysipelothrix polyarthritis is due to the mystery surrounding the
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epidemiology of the infection in farm animals.

Discussion of the epidemiology of E.rhusiopathiae infection in

sheep will he simplified if the two major parts of the subjects are

considered separately. One of these concerns the natural history of

the infection in the sheep while the second part concerns the existence

of the organism outside the sheep and the interactions of the host and

the environment.

Enough is known about the latter part to allow models of the

epidemiology to be proposed.

Model 1. This might be termed the classical theory. According to

this theory, E.rhusiopathiae is a saprophyte which lives in the soil

and is capable of emerging to cause disease in a wide range of hosts.

The theory, which built up during the early decades of this century,

was crystallised by Edwards (1929). This theory ir-. probably the

most commonly held belief and has been often referred to. (Vanes &

McGrath (19^-2); Davies (1955), Shuman & Wood (1970) and Timoney (1970)).

While the theory is convenient enough to explain many of the

features of the epidemiology, present knowledge suggests that

E.rhusiopathiae is not a freeliving saprophyte but is capable of

surviving outside animals for periods depending on the temperature and

organic content, possibly faecal content, of the micro-environment.
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The literature pertaining to survival has been reviewed in Section

2.3 of the literature review in Section 1. Perhaps the clearest

indication that E. rhusiopathiae is dependent on some form of contact

with animals for its survival and possibly multiplication is seen in

the results obtained by Wood & Packer (1972) who found that while the

organism could be isolated from the soil of pigpens quite frequently,

no isolations could be made from the soil of fields not frequented by

pigs.

Model 2. In this model the external environment may permit survival

of the organism but the organism can only multiply in sheep. This was

one of the proposals made by Jones (1978) to explain the epidemiology

of Erysipelothrix polyarthritis in lambs. For its credibility this

theory relies on evidence that E. rhusiopathiae cannot multiply outside

the sheep and requires proof that the organism is shed from sheep in

larger numbers than it is ingested.

There is little published evidence that E. rhusiopathiae can

multiply in the external environment. In fact, Wood (1973) in his

quantitative study of the viability of E.rhusiopathiae in soil under

various conditions of temperature, moisture content, pH and organic

matter content, found that the strains he studied died out at

logarithmic rates. His results confirmed the similar findings of

Rowsell (1958a).
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There is evidence that E.rhusiopathiae can "be harboured by

healthy sheep. This was shown by Kaferstein, Ekdahl & Almand (1972)

and Arsov (196*1). While the work done, for this project has not

set out to demonstrate the organism in healthy sheep, it has been

demonstrated that there was serological evidence of subclinical

infection in the group of lambs studied.

Infected pigs are known to shed the organism - this was shown

by Wood (1967). E.rhusiooathiae has also been recovered from the

faeces of sheep by Teschner, Behrens & Weiss (1976). These authors

demonstrated that E. rhus i opathi ae was present in samples of faeces

from sheep flocks known to have suffered outbreaks of Erysipelothrix

polyarthritis but not from flocks with no history of the disease.

Faecal shedding of E.rhusiopathiae was detected in 2 out of the 1*+

diseased lambs in the vaccine trial described in Experiment 1.

Colonisation of the tonsils was detected in 5 of the lambs.

For confirmation of its validity as a model for. the epidemiology

this theory requires evidence that the bacteria are shed in larger

numbers than are ingested. There is nothing in this work which

can provide this evidence nor is there any evidence in the literature.

Indeed, the work of Teschner, Behrens & Weiss (1976) suggests that the

organism is present in the faeces in relatively small numbers. However,

little work has been done on this aspect of the epidemiology in the

sheep and it is worth noting that Wood (1967) was able to recover the
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organism easily from the excretions and secretions of infected pigs.

Model 3. This proposal is similar to Model 2 but suggests that

while multiplication and excretion from the sheep can occur, the

organism can, under the right conditions, live and multiply in the

external environmentt In proposing a free existence this model

superficially resembles Model 1.

By proposing that the external environment may be an important

are for multiplication for E.rhusiopathiae this model avoids the

disadvantage of Model 2 which was that.no published work had shown

that sheep could excrete the organism in sufficiently large numbers

to contaminate the external environment enough to act as a source

'of infection to other sheep. By avoiding this difficulty the

Model falls into the same difficulty as Model 1; this concerns the

lack of evidence of a saprophytic existence for E.rhusiopathiae and

has been discussed above.

During an investigation into the ability of E.rhusiopathiae to

survive in solutions of sheep dip, which was undertaken since the

completion of the experimental work described here, it was found that

E.rhusiopathiae could survive and multiply in heavily contaminated

sheep dip at the temperatures often experienced in this country.

The results of this trial and the results of the experiment to

demonstrate the effects of diluents all show that E.rhusiopathiae



260

depends very heavily on organic material for its survival and multi¬

plication. The results of the sheep dip experiment are not in

accordance with findings of Wood (1973) who found that his pig strains

of E.rhusiopathiae would not multiply even in soil very heavily

contaminated with pig faeces. It should be remembered that he was

studying pig strains in soil and used much lower moisture contents.

This model has many defects but many attractions. It is not

felt that it can provide a complete description of the epidemiology

of E.rhusiopathiae infection in sheep because it is likely that the

necessary conditions, which would favour the multiplication of

E .rhusionathiae, may not be fulfilled very often. Nevertheless,

this model does fit the observed fact in cases of post dipping lameness

where disease can be manifest in sheep which have been put through

sheep dip mixtures previously used to dip other sheep. Under these

circumstances it can be surmised that the first group of sheep provided

the faecal contamination and possibly the E,rhusiopathiae and that the

time lapse before the second group is dipped would be sufficiently long

to allow the E.rhusiopathiae to build up to pathogenic levels in the

dip mixture.

Model k. This model proposes that the sheep is an end-host, for

E.rhusiopathiae, that no multiplication of the organism occurs in

the environment but that the infection is maintained within reservoir

hosts such as birds or rodents which contaminate the immediate
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environment of the sheep and provide the necessary challenge.

Elements of this proposal have already been discussed, namely:

the lack of evidence that infected sheep can excrete large numbers of

E.rhusiopathiae; and the lack of evidence that the organism can

multiply in the field.

It is not proposed that there is only one species which acts as a

reservoir host for E.rhusiopathiae pathogenic to sheep. The wide

host range of E.rhusiopathiae which has been referred to in Section

2.1.1. of the literature review in Section I would tend to argue that

any or many species of birds or mammals could be responsible.

One important point of this hypothesis is the host specificity

or otherwise of E.rhusiopathiae. It is well known that various

laboratory animals, especially mice and pigeons, are highly susceptible

to infection with E.rhusiopathiae isolated from other species, but

there is not a great deal of published evidence concerning cross-

infection experiments in other species. Cornell & Glover (1925)

were unable to reproduce polyarthritis in 3 lambs using a pig strain

of E.rhusiopathiae nor could they cause disease in a single pig

using a lamb strain. Howarth (1933) challenged 5 pigs with a

sheep strain and produced pyrexia in one. Two lambs challenged intra¬

venously with a pig strain did develop polyarthritis. In fowls Pfaff

(1926) was able to cause death by inoculation with a pig strain of the
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organism. Sikes (1967) recorded spondylitis in pigs some time

after challenge with a strain of E, rhusiopathiae recovered from a

human suffering from endocarditis. The little work that has been

done on the subject of cross-infection with E.rhusiopathiae provides

some evidence that cross-infection can occur and may be common in

Nature.

The information a" dole from serotype studies of E.rhusiopathiae

shows that serotypes can be found in a variety of hosts without a host-

serotype pattern emerging. This subject has been reviewed in Section

2.k.b. of the literature review. What did emerge from that review

and from the serotyping carried out in this work is that there is a

pattern associating certain serotypes with certain disease conditions.

This provides supporting evidence for the hypothesis that cross-infection

with E.rhusiopathiae can occur between species.

Birds are an obvious choice for the role of vector and reservoir

host. They are often found close to farm animals and their feed,

and there is.ample evidence for their susceptibility to infection with

E.rhusiopathiae - this has been outlined in Section 2.1.1. of the

literature review. There is also some evidence that in the domestic

fowl a chronic excreter state can occur (Pfaff (1926)) in infected

birds. There is little published work on the subject of

E.rhusiooathiae excretion by birds but the well-known fact that

market fish are frequently found to have surface infections suggests



that faecal contamination "by "birds may be the source of infection.

In the literature revieW-'the tables drawn up showed the serotypes

found in fish slime and compared the serotypes with those found

in the tonsils of healthy pigs. It was pointed out that there was

similar range of serotypes found in these two sites, whereas the

vast majority of strains associated with disease in pigs were

serotypes 1 or 2 with very few of the serotypes 5,6, 7 and 8 found

in healthy tonsils and fish slime. It is possible that the source

of infection of fish slime and pig tonsils is the same and it is

possible that birds are responsible.

In the first vaccination experiment carried out it was found

that tonsillar infection could be detected in 5 out of lU of the

infected lambs. This demonstrates that tonsillar infection can

occur without oral infection but does not prove that oral infection

cannot result from ingestion of contaminated material as is proposed

above .

From the evidence present in the preceding paragraphs, it is

apparent that there is much to commend this model as explaining many

of the features of the epidemiology of E.rhusionathiae infection.

However, one might expect from this model that there would only be

sporadic cases of Erysipelothrix infection in sheep. While many

cases are seen like this there are occasions when the disease seems

to reappear on a farm for several seasons - a situation reported by
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many authors . (Gtamp & Watt (l9'i7); Mohn & Utklev (19TO) and Jones

(1978)). Therefore epidemics of Erysipd."1 othrix polyarthritis in

successive years are difficult to explain by this model.

Model 5. This model proposes that E. rhusiopathiae can survive and

even multiply, under some circumstances, in the external environment

which may be contamined by infected wild hosts such as birds or

rodents and which may be contaminated by farm animal hosts such as the

sheep which may be capable of multiplying the organism. This model

contains elements of all the other proposed models and offers much

greater flexibility in describing the epidemiology of E. rhusiopo.thiac .

This is because the hypothesis allows the organism several places in

which it could multiply, i.e. wild hosts, farm animal hosts and

external environment.

The components of this model have already been discussed separately

in the preceding paragraphs and will not be considered here. What

will be considered are the recorded epidemiological features of the

infection which have not been adequately accounted for by the other

models.

(l) The post dipping lameness phenomenon has been discussed and

reasonably well accounted for by Model 3. This model has the

components of Model 3 and similarly adequately explains the epidemiology.
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(2.) A rising incidence of Erysipelothrix polyarthritis in

successive years has been noted by Stamp & Watt (19^7); Mohn & Utklev

(1970) and Jones (1978). This can be explained by this model:

E.rhusiopathiae is introduced into a flock and begins to cause disease.

Infected animals begin to excrete large numbers of E.rhusiopathiae into

the environment where possibly further increase occurs if the conditions

are suitable. This then presents each successive years' lambs with

an increasing challenge resulting in more clinical disease.

(3) A sporadic outbreak of disease may arise where perhaps

the flock conditions are right for the infection to be spread but

disease may not appear in successive years possibly due to unsuitable

soil conditions or a rising immunity in the flock.

This model suffers from the same major defect as its fellows,

that is that many of its components are merely speculation and have

not been confirmed by scientific observations. But as a hypothesis,

it does agree with much of the published evidence and possibly in

the future the unproven parts may be verified by experiment or observation.

These models for the epidemiology of E.rhusiopathiae have been

dealing mainly with the organism's natural history in the environment.

It is now time to consider the organism's relationship with its host

in more detail.
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Routes of entry into the host:

Erysipelothrix polyarthritis has "been reproduced in the lamb

by many authors using various routes. These have already been

reviewed in Section U.3.1. of the literature review but those routes

most closely mimicking possible field challenge have been infection of

umbilical, docking and castrating wounds, oral infection and intradermal

challenge.

During this work intradermal challenge has been used several

times .in adult sheep and in lambs. It was found that although the

adult sheep often suffered pyrexia and severe extensive dermal lesions,

none of them ever developed polyarthritis. On the other hand, in

the last vaccination experiment, two of the control lambs developed

the clinical signs of polyarthritis and had to be given antibiotic

therapy. This apparent resistance of the older sheep may have been

due to an age effect but it is more likely that the older sheep were

resistant because of previous experience of E,rhusiopathiae.

Size of the E. rhusiopathiae challenge:

There were no previously published results indicating the size of

challenge required to set up disease. The results of this work have
g

shown that about 2 x 10 cfu/kg live weight are sufficient to cause

polyarthritis in yearling lambs when given by intravenous injection.
g

Similarly intravenous injection of about 3 x 10 cfu/kg body weight was

more than adequate to cause disease in young lambs. By contrast,



267

intradermal inoculation of about 6 x 10°cfu/kg body weight was

sufficient to induce pyrexia in all the lambs injected and enough to

cause clinical signs of polyarthritis in two lambs. These results

are similar to those of Piercy (197^) vho was able to produce pyrexia

alone with intradermal injections of about lO^cfu.

Resistance of the host:

Evidence that sheep acquire a natural resistance due to sub¬

clinical infection can be seen in this work. The observations which

support this hypothesis are:

(a) SPF lambs had agglutinin titres of less than 1 in 32, whereas

many of the conventional sheep tested during the course of the various

experiments have had titres in excess of 1 in 32.

(b) The lambs which were blood sampled sequentially over a long

period showed a mean rise in titre as time passed. This is not

likely to have been due merely to age alone because individual lambs

developed rises in titre at different times. Some lambs showed

very little rise in titre. The reason why antibodies appeared in

the sera of some lambs later than others could be because they were

challenged at a different time.

(c) Adult sheep in the control groups of the intradermal

inoculation experiments did not develop polyarthritis.

(d) Only two lambs in the control group of the last vaccination

experiment developed the clinical signs of polyarthritis. This

indicates a degree of resistance to challenge among the others.
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Piercy (197*0 has shown that colostrum deprived lambs are unable

to prevent synovial infection developing following intradermal

injection of E.rhusiopathiae. Presumably these lambs were protected

by colostral antibodies produced by their dams who had had previous

experience of E.rhusiopathiae.

One of the tentative conclusions drawn from the first vaccination

experiment was that intravenous challenge is not a fair test of

vaccinal immunity because it bypasses some of the body's defences.

The work done subsequently has tended to support this view. It is

clear from the intradermal challenge trials that the skin and sub¬

cutaneous tissues play a major role in preventing bacteraemia occurring.

The skin biopsy work has shown how the skin responds with a

vigorous cellular response to intradermal challenge. The cell types

vary with the vaccine status of the sheep. Again these observations

confirm the work of Piercy (197*0 •

It is thought that skin abrasions or wounds may be a major route

of entry of the organism into the body and so the work done has

demonstrated the importance of the tissues in limiting infection.

Other tissues will play important roles in protecting other portals

such as the digestive tract or the conjunctiva and presu; bly similar

mechanisms will exist in those tissues.
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The results gathered tend to suggest that all the body defences

protecting likely portals of entry, such as skin, are aiming to

prevent bacteraemia from occurring which might allow the organism to

colonise the relatively unprotected joint space, which normally has

such a - 'w leucocyte r.->r Rowsell (1955) has observed

• :ru intravenous challenge of pigs will result in a high rate of

polyarthritis.

This means by which infection with E.rhusiopathiae is resisted

has been found in this work to consist of: (i) the normal inflammatory

response with exudation of fibrin and diapedesis of polymorphs and

macrophages, (ii) specific immune mechanisms involving cell mediated

and humoral immunity in vaccinated sheep. Specific immune mechanisms

have not been so clearly demonstrated in non vaccinated sheep but the

observations made suggest that some colostral antibody is provided by

ewes. The design of these experiments has not allowed the immune

mechanism of the unvaccinated sheep to be precisely identified but

presumably it is not unlike the situation in the vaccinated sheep.

Colonisation of synovial tissue:

Once the infection has reached the portal of entry which may be

the skin or subcutaneous tissues, it has the problem of reaching the

joints. Work done in the pig and the work of Piercy (197*0 suggests

that this is done following bacteraemia. This bacteraemia presumably

has to be sufficiently prolonged and sufficiently intense to overcome
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the sterilising power of the blood. Bacteraemia of a suitable

nature is probably achieved by the organism multiplying locally near

its site of entry - this is suggested by the following observations:-

During the first vaccination experiment the lU lambs which

received the live challenge intravenously showed clinical signs

of polyarthritis on the second or third day after infection,

but the two lambs in the last vaccination experiment became

lame on days k and 6 after infection. The first group of

8
lambs received 3 x 10 cfu/kg body weight intravenously while

r

the second group received 6 x 10 cfu/kg body weight intradermally.

This is possibly explained by the suggestion that the bacteraemias

in the first group of lambs were of a suitable nature to allow

immediate colonisation of the joints whereas the dose given to

the other lambs was not adequate and local multiplication was

necessary before a suitable bacteraemia could be achieved.

Excretion of E.rhusiopathiae

The only information gathered during this work has been the

observation that the organism was found in the faeces of 2 out of lU

of the polyarthritic lambs in the first vaccine experiment. This

confirms the observation of Teschner, Behrens & Weiss (1976) but it

suggests that faecal excretion of E.rhusiopathiae by infected sheep

is not enormous.

From the discussion of the model of the possible epidemiology of
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E.rhusiopathiae infection in sheep it is reasonably clear that

the disease is unlikely to be eradicable. Control measures therefore

have to be aimed at avoiding situations likely to favour the multipli¬

cation and invasion of susceptible tissues by E.rhusiopathiae. The

control measures are well known and have been discussed by various

authors (Murnane (1938) and Jones (1978)). Nevertheless, circumstances

do arise when it would be highly desirable to be able to boost the

flock immunity through the use of vaccination.

Most of the points raised during the course of the vaccine experi¬

ments have already been dis classed and so only a few general points will

be considered here.

As has been described in the literature review(Section II)

E.rhusiopathiae vaccines have been used in sheep in attempts to control

severe epidemics and rarely has there been any attempt to evaluate

the benefits of vaccination through comparison of vaccinated and

unvaccinated sheep. However, even when this has been done the

epidemic cannot always be relied upon to continue in order to allow

the vaccine to be fully evaluated (Jones (1976) personal communication).

. The experiments described have been an attempt to evaluate the

benefits of vaccination. During these attempts to evaluate the

vaccines used two major lessons have been learned:-
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(1) The intravenous route is not a suitable method for

challenge of lambs. The possible reasons have already been

discussed above. This observation confirms that the sheep probably

reacts in a similar manner to the pig when challenged intravenously.

(In vivo tests of vaccinal immunity have already been discussed in

the literature review (Section II).)

(2) Serology, using the methods used in this work, is not a

useful means of detecting vaccinal immunity. Serological responses

are detectable following prolonged dosing or by using oil adjuvants

but the rises in the titre recorded ae so low that they cannot be used

to predict the vaccinal immunity of individual sheep. In this

respect my experience differs from that of Piercy (Piercy (1971) and.

Piercy (197*0).

The serological responses of sheep to E.rhusiopathiae vary

according to the circumstances. It is clear that natural subclinical

infection can provoke a mild agglutinin response while vaccination

would seem unable to do so and of course in cases of chronic poly¬

arthritis the agglutinin titre may be in excess of 1 in 20,000.

The work done during the vaccination trials has shown that intra¬

dermal challenge may be a useful means of demonstrating resistance to

infection in vaccinated sheep but it is not a very reliable means of

reproducing polyarthritis and so is not the best way of testing
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resistance to polyarthritis.

The sheep used in these trials were conventionally reared.

The effects of intradermal challenge in SPF or gnotobiotic lanibs

may be different. But for future workers using conventional

sheep it might be necessary to adopt a different route of challenge

or else to use large experimental and control groups in order 'to

demonstrate significant differences.

Another observation which has emerged from the experiments concerns

the mechanism of vaccinal immunity. This seems to involve an important

cell mediated component in the actively immune sheep but certainly

humoral immunity is developed and this can be passed on to the suckling

lamb.

In conclusion, the important findings of this project can be

summarised thus:

(1) The importance of "arthritis in abattoir sheep has been investigated

and the major conditions defined.

(2) Gome of the epidemiological features of K.rhuslopathiae infection

in sheep have been clarified and possible models for the

epidemiology have been discussed.

(3) The value of vaccinal immunity - active and passive - has been

demonstrated.
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The major areas of the field which remain to be elucidated

are:

(1) The growth and survival of E .rhusiopathiae in the

external environment.

(2) The value of vaccination against E.rhusiopathiae

in field outbreaks of disease.
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Abbreviations used in Appendix 1

Breed: X Suffolk

Age: B/M

F/M

U

Sex: M =

W =

F

External appearance:

Oe = Oedema

Internal appearance: Art Les = Articular surface lesions

Margin Osteop = Marginal Osteophytes

Bacteriology: NT = Not tested

Serology: CIE = Counter immunoelectrophoresis

Aggtest = Agar gel diffusion test

= Cross Suffolic

= Broken mouthed

= Full mouthed

= Unknown

Male

Wether

Female
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+
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3
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5
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6
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6
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Ŝeggre
septic

16

Tenosynovitis



Ext.

Age

Sex

Joint

Appearance
Sw

Oe

62

Halfbred
B/M

F

R.

elbow
+

62

L.

elbow

63

U

U

U

L.

elbow
+

+

65

Blackface
<15

mo

U

L.stifle
+

+

65
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73
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+
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R.stifle
+

•

+

10U

Greyface
<
15

mo

W

R.

tarsus
+

+

105

Greyface
»<
15

mo

w

R.
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+
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+
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+

+
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+
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+
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+
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2

-

8

+

+
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+
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+

+
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+
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1

-

+
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+
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+
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(
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(4
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,amaged(.Massive,

joint

t
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X

Suffolk
<15

mo

F

L.

tarsus
+

+

111

X
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<15

mo

W

R.

carpus
+

+

111

L.carpus
+

+

111

R.stifle
+

+

111

L.stifle
+

+

112

X

Suffolk
<15

mo

F

L.tarsus
+

112

L.stifle
+

113
X
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<15
mo

W

R.stifle
+

113

X

Suffolk
<15

mo

W

L.stifle
+

lilt

X
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<15

mo

w

R.hip
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R.stifle
+
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L.stifle
+

lilt

R.

tars
us

+

+

lilt

R.carpus
+
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L.carpus
+

115

Cheviot
<15

mo

w

R.

tarsus
+

+

115

L.

tarsus
+

+

116

Cheviot
<15
mo

F

L.

tarsus
+

117

X

Suffolk
<3.5
mo

F

L.tarsus
+

+

117

R.

tarsus
+

+

117

R.stifle
+

119

X

Suffolk
1̂5
mo

W

R.stifle
+

119

L.stifle
+

119

L.

tarsus
+

+

119

R.carpus
+

+

119

L.carpus
+

+

120

X

Suffolk
<15

mo

W

R.stifle
+

120

R.tars
us

+

+

120

L.
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us

+

+

120

R.carpus
+

+

121

X

Suffolk
<15

mo

W

L.stifle
+

121

R.tars
us

+

+

121

L.elbow

121

R.carpus
+

121

L.carpus
+

122

Hal
fb

red

1̂5
mo

F

R.carpus
+

+

122

L.carpus
+

+

123
X

Suffolk
<15

mo

W

R.tarsus
+

+
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L.tarsus
+

+

InternalAppearanceSynov
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itis
Les

MarginOsteop
S.fluidappearance
Volum

Bacteriology
SerologySynovia

Serum

CIE

Aggtest
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flocculent

Greenish
flocculent

Greenish
flocculent

Greenish
flocculent

Clear
fluid
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fluid

Turbid
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flocculent
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+++
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+
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E.
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+
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i
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damaged
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0<

121*

Cheviot
15

mo

F

L.

stifle
+

121*

L.

tarsus
+

+

121*

R.carpus
+

121*

L.carpus
+

125

Cheviot
15

mo

F

R.stifie
+

125

L.stifle
+

126

Hal
fb

red
15

mo

F

R.stifle
+

126

R.

tars
us

+

+

126

L.
t

ars
us

+

+

137

Blackface
B/M

F

L.

tarsus
+

+

138
X

Suffolk
15

mo

W

L.

tarsus
+

139

Suffolk
15

mo

W

L.stifle
+

1U0

Blackface
B/M

F

R.

elbow
+

ll*0

L.

elbow
+

ll*l

Blackface
B/M

F

R.

elbow
+

ll+l

L.

elbow
+

ll+2

Cheviot
B/M

F

R.

elbow
+

11*2

L.elbow
+

11*3

Finn
X

B/M

F

R.

elbow
+

11*3

L.

elbow
+

11*1*

Halfbred
B/M

F

R.

elbow
+

l!*l*

L.

elbow
+

1U5

Hal
fb

red

B/M

F

R.

elbow
+

ll+5

L.

elbow
+

ll*6

Hal
fb

red

B/M

F

R.

elbow
+

11*6

L.

elbow
+

11*7

Hal
fb

red

B/M

F

R.

elbow
+'

ll*7

L.

elbow
.

+

ll*8
X

Suffolk
15

mo

W

R.stifle
+

11*8

R.

carpus
+

11*8

L.carpus
+

ll*9
X

Suffolk
B/M

F

R.

elbow
+

1U9

L.

elbow
+

150

Hal
fb

red
15

mo

W

L.

stifle
+

+

151
X

Suffolk
15

mo

M

R.carpus
+

151

L.

carpus
+

152

Blackface
15

mo

W

R.carpus
+

InternalAppearance
.

Serology

r.

«

,

».

.

S.

flui
d

Volum
„

.

.

,

„

.

_

Synov
Art

Margin

Bacteriology
Synovia
Serum

itis
Les

Osteop

aPPearance

CIE

Aggtest
CIE

Aggtest

+++

TurbidTurbidClearClearTurbidTurbidYellowTurbidFlocculentFlocculentSanguinousCloudyClearClearClear
fluid

Clear
fluid

Clear
fluid

6

E.rhusiopathiae
+

NTNTNT

0.5110.5521

E.rhusiopathiaeNT

E.

rhusiopathiaeNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNT

6kkk<k<i*CI*

+

32768
+

8192

+

8<1*<!*8

+

819220U8

+

>3276832

Joint
damaged



APPENDIX
1

Ext.

Internal

p̂ri
al

Appearance
Appearance

MarginOsteop
S.

fluid

No

Breed
Age

Sex

Joint
Sw

Oe

Synovitis
ArtLes

appearance

171

Blackface
B/M

F

L.stifle
+

+

176
X

Suffolk
15

mo

F

L.tars
us

+

+

Flocculent

177

B.Leicester
27-33mo
F

R.stifle
+

+

+

+

Turbid

179
X

Suffolk
15

mo

M

R.stifle
+

+

179

L.

tars
us

+

+

+

179

R.tars
us

+

+

+

179

L.carpus
+

+

+

180

Suffolk
15

mo

W.
R.

carp
us

+

+

+

180

L.carpus
+

+

+

180

R.

tars
us

+

+

+

181
X

Suffolk
15

mo

W

R.stifle
+

+

+

181

L.stifle
+

+

+

181

R.tars
us

+

+

+

181

L.

tarsus
+

+

+

+

Flocculent

181

R.carpus
+

+

+

Turbid

181

L.carpus
+

+

+

182

Blackface
F/M

F

R.

tars
us

+

+

+

Yellowish
thick

183
X

Suffolk
15-21

mo
F

R.

tars
us

+

+

+

Greenish
pus

18U
X

Suffolk
15

mo

W

R.hip

+

188
Hal
fb

red

B/M

F

R.

elbow
+

+

+

188

L.

elbow
+

+

+

192
U

Adult
F

R.stifle
+

+

Flocculent.thick

192

L.

stifle
+

+

Flocculent.thick

193

Southdown
B/M

M

R.elbow
+

+

+

193

L.

elbow
+

+

+

19
U

Hal
fb

red

B/M

F

R.
t

ars
us

+

19U

L.tars
us

+

+

195
U

U

F

R.

stifle
+

+

195

R.tars
us

+

+

196

Blackface
F/M

F

R.

elbow
+

+

+

+

Yellow

196

L.

elbow
+

+

+

197

Blackface
B/M

F

R.carpus
+

+

197

L.carpus
+

+

198
U

Adult
F

R.

elbow
+

+

+

Yellow,
thick

198

L.

elbow
+

+

+

Yellow,
thick

199
U

U

U

L.tars
us

+

+

+

+

Flocculent

200
0

15
mo

U

R.stifle
+

+

Sanguinous
Volum

Bacteriology

Serology
Synovia
Serum

CIE

Aggtest
CIE

Aggtest

NT

1.5

E.rhusiopathiae

Old

tibial̂frac-ture

E.rhusiopathiaeNT

E.

rhus
i

opathi
aeE.rhusiopathiae

Joint
damaged

NT

1.51

8192

Tenosynovitis

C.pyogenesNTNT

3

E.rhusiopathiae
1

E.rhusiopathiaeNTNT

fracture
lead
or

femur
(Massive,
joint(disruption

1-2

NTNTNT

Joint
damaged

If

»»

0.5

E.rhusiopathiae
1-2

E.rhusiopathiae
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1

Internal

„

.

.

Appearance
S.

fluid

Serial̂
,

.

„

T

.

,

Appearance
**

,

^

w

Breed
Age

Sex

Joint

Synov
Art

Margin

appearance

No

bw

Oe

...

T

~

,

ltis
Les

Osteop

201
U

U

U

L.

stifle
+

+

Flocculent

202
X

Suffolk
15

mo

M

R.stifle
+

+

Flocculent

202

L.stifle
+

+

Flocculent

203
X

Suffolk
15

mo

F

L.

carpus
+

+

Dark

yellow

20h
X

Suffolk
15

mo

W

L.

shoulder

Pus

20U

L.stifle
+

+

Dark

yellow

205

Blackface
F/M

F

L.

elbow
+

+

+

+

Yellow

205

R.

elbow
+

+

+

+

Yellow

206

Cheviot
B/M

F

L.

elbow
+

+

206

R.elbow
+

+

Clear

20?
X

Suffolk
15

mo

W

R.carpus
+

+

Clear

207

L.carpus
+

+

Clear

207

R.stifle
+

+

Clear

207

L.stifle
+

+

Clear

208
X

Suffolk
15

mo

F

R.

carp
us

+

208

L.carpus
+

209
X

Suffolk
15

mo

W

R.

tarsus
+

+

+

210
X

Suffolk
15

mo

W

L.

stifle
+

+

+

Greenish
fluid

211
Hal
fb

red
B/M

F

R.

elbow
+

+

+

212
U

Adult
F

R.elbow
+

+

+

213
U

Adult
F

R.

elbow
+

+

+

Yellowish

213

L.

elbow
+

+

+

Yellowish

21
It

Blackface
B/M

F

R.elbow
+

+

+

21
it

L.

elbow
+

+

215

Blackface
B/M

F

R.

elbow
+

215

L.elbow
+

+

Sanguinous

216
U

Adult
F

R.

elbow

+

216

L.

elbow
+

+

218
X

Suffolk
B/M

F

R.

elbow
+

+

+

218

L.

elbow
+

+

+

219

Blackface
15

mo

W

L.

tarsus
+

+

Flocculent

220
U

Adult
F

R.elbow
+

+

+

Yellow

220

L.

elbow
+

+

+

Yellow

221

Blackface
B/M

M

R.elbow
+

+

+

221

L.elbow
+

+

+

222
U

Adult
F

R.elbow

222

L.

elbow

223

Blackface
F/M

F

L.stifle

+

22U
U

U

F

L.

tarsus
+

+

+

Volum
_

.

„Bacteriology

Serology
Synovia
Serum

CIE

Aggtest
CIE

Aggtest

3

E.rhusiopathiae
+

8192

E.rhusiopathiae
-

6192

1-2

-

2

U-5

NTNTNT

81*8192

NTNTNT

3

E.rhusiopathiae
+

8192

0.5

NT

U

0.5

NTNTNTNTNT

+

1021*

Gross

deformity
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_
.

Internal

HjXV
•

.

Serial

.

Appearance
ppearance

_

S.fluid

„

Breed
Age

Sex

Joint
_

„

Synov
Art

Margin

No

Sw

Oe

...

T

_

.

appearance

ltis
Les

Osteop

225
X

Suffolk<L5
mo

W

L.

tars
us

+

+

226
U

Adult
F

L.elbow
+

+

+

226

R.

elbow

+

+

227
U

U

U

P.

elbow
+

+

+

227

L.

elbow
+

+

+

223
U

U

U

L.

elbow
+

+

229

Halfbred
'

B/M

F

R.elbow
+

+

229

L.

elbow
+

+

230

Hal
fb

red
B/M

F

R.

elbow
+

+

+

+

230

L.

elbow
+

+

+

231

Halfbred
B/M

F

R.

elbow
+

+

231

L.

elbow
+

+

232

Halfbred
B/M

F

R.

elbow
+

+

+

232

L.elbow
+

+

+

233

Blackface
F/M

F

R.elbow
+

+

+

233

L.elbow
+

+

+

23U
U

B/M

F

R.

elbow
+

+

+

23^

L.

elbow
+

+

+

239
U

U

U

R.

elbow
+

+

+

239

L.

elbow
+

+

+

2h0
U

U

U

L.

elbow
+

+

2U5

Cheviot
B/M

F

R.

elbow
+

+

+

2U5

L.

elbow
+

+

+

2146

Cheviot
B/M

F

R.

elbow
+

+

+

2U6

L.

elbow
+

+

+

2U7
U

<

:15
mo

U

R.carpus
+

+

21*7

L.carpus
+

+
.

2U7

R.tarsus
+

+

+

2kj

L.tarsus
+

+

+

Zh8
U

<
15

mo

U

R.

tarsus
+

+

+

2U9
U

U

u

R.

elbow
+

+

+

251
X

Suffolk
F/M

F

R.elbow
+

+

252

Blackface
F/M

F

L.tarsus
+

+

253

Halfbred
B/M

F

R.elbow
+

+

253

L.

elbow
+

+

+

251*
U

Adult
F

R.stifle
+

+

+

257

Halfbred
B/M

F

R.elbow
+

+

+

257

L.elbow
+

+

+

TurbidTurbidClearClear
S

anguinousSanguinousClearClearGreenish
fluid

Greenish
fluid

Yellow
fluid

Yellow

Volum
_

,

•

_

Serology

Bacteriology
.

„

.

„

Synovia
Serum

CIE

Aggtest
CIE

Aggtest

0.5

NT

+

1-2

NT

+

NTNTNTNTNTNT

U

NT

-

1*

1

NT

U

0.5

NT

k

NT

1*

Joint
mouse

NT

Joint
mouse

NTNTNTNT

-

1»

NT

-

16

NTNT

1

NTNT

<!*

NT

-

<1*

NT

-

0.5

NT

+

0.5

NT

+

E.rhusiopathiae
+

(-<k?)

0.5

E.rhusiopathiaeNTNTNTNTNTNTNT

U
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Ext.

Internal

Serial
_

Breed
Age

Sex
:

Joint

Appearance
Appearance

Ho.

Sw

Oe

.

Synov
Art

itis
Les

258

Hal
fb

red

F

R.elbow
+

258

L.elbow
+

259

Suffolk
15-21

mo
F

L.

tarsus
+

+

+

260
U

<15
mo

U

R.stifle

+

261
X

Suffolk<L5
mo
U

L.carpus
+

+

+

261

R.carpus

261

R.stifle
+

263
U

U

U

L.stifle
+

261+
u

Adult
F

R.

elbow
+

+

261+

L.

elbow
+

+

265
u

Adult
F

R.

elb
ow

+

+

265

L.

elbow
+

+

267
u

<

15

mo
U

R.carpus
+

+

267

L.

carpus
+

+

268
u

U

U

R.

tarsus
+

+

268

L.

tarsus
+

+

269
u

u

U

+

+

270

B.Leicester
B/M
M

R.

tarsus
+

+

270

L.

tarsus
+

+

271
U

u

M

R.

elbow
+

+

271

L.

elbow
+

+

273
U

<

15
mo
U

L.tars
us

+

+

+

+

271+
U

Adult
F

R.

tarsus
+

+

271+

L.

tarsus
+

+

275
U

Adult
U

R.elbow
+

+

275

L.

elbow
+

+

276
u

Adult
M

R.

carpus
+

+

+

276

L.carpus
+

+

+

277

Blackface<15
mo
F

L.

tarsus
+

+

+

278

Hal
fb

red
F/M
F

R.stifle
+

+

+

+

279

Hal
fb

red
.<

15
mo
M

R.stifle
+

+

280

Halfbred
<
15

mo
F

R.hip
+

+

281
U

15-33
mo
F

R.stifle
+

+

281

L.stifle
+

+

+

282
U

15-33
mo
U

R.stifle
+

+

+

282

R.tarsus
+

+

282

R.carpus
+

+

+

282

L.

carpus
+

+

+

++

S.fluidYellow
clear

Yellow
clear

Dens
e

,b

rownish
Thick

yellow
floe

YellowishYellowishYellowish
thick

ClearClearGreen
pus

ClearClearBrownishBrownishYellow

flocculent
Brown

flocculentBrownishYellow

flocculent
ClearClear

Volum

Serology

Bacteriology
Synovia
Serum

CIE

Aggtest
CIE

Aggtest

0.55

NTNTNTNTNTNTNTNTNTNT

0.5

E.rhusiopathiae
0.50.5321+

NTNTNTNTNTNTNTNTNT

1-2
12105-6101

E.

rhus

iopathi
ae

E.

rhusiopathiae
E.

rhusiopathiae
E.

rhus
i

opath
i

ae

NTNT

<1+8192

Joint
mouseTenosynovitis

<Uh3220U816

+

>8192
+

16381+
+

1638U
+

1+096

Joint
mouse
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_
.

_

.

Ext.

Internal

Serial
Breed
Age

Sex

Joint

Appearance
Appearance

„

No..

Sw

Oe

Synov
Art

Margin
"

U1

•i.

T

.

.

appearance

ltis
Les

Osteop

283
X

Suffolk
15-21mo
W

L.stifle
+

+

Brown-red

283

R.

stifle
+

283

R.

tarsus
+

283

R.carpus
+

283

L.carpus
+

285

Blackface
B/M
F

R.

elbow
+

+

285

L.

elbow
+

+

+

286

Blackface
B/M
F

R.

elbow
+

+

286

L.elbow
+

+

287

Blackface
B/M
F

R.elbow
+

+

287

L.elbow
+

+

238

Suffolk
B/M
M

R.

elbow
+

+

+

288

L.

elbow
+

+

+

289

Suffolk
<15

mo
W

R.stifle
+

+

+

Sanguinous

289

R.carpus
+

+

Clear

289

L.carpus
+

+

Clear

290

Cheviot
B/M
F

R.

elbow
+

+

+

290

L.

elbow
+

+

+

291

Cheviot
B/M
F

R.

elbow
+

+

+

291

L.

elbow
+

+

+

292

Cheviot
B/M
F

R.

elbow
+

+

+

292

L.

elbow
+

+

+

293
Hal
fb

red

Adult
U

R.shoulder
+

29
U

Cheviot
B/M
F

R.

elbow
+

+

+

29
b

L.

elbow
+

+

+

296

Cheviot
B/M
F

R.

elbow
+

+

+
.

296

L.

elbow
+

+

297

Cheviot
B/M
F

R.elbow
+

+

+

297

L.

elbow
+

+

+

298

Cheviot
B/M
M

R.

tarsus
+

298

R.stifle
(Normal)

299

Cheviot
21-27mo
W

L.tarsus
+

+

Clear

299

R.

carpus
+

+

Clear

300

Blackface
27-33mo
F

R.stifle
+

+

+

Cloudy

Volum

Serology

Bacteriology
Synovia
Serum

CIE

Aggtest
CIE

Aggtest

h

+

>6192

NTNTNTNTNTNTNTNT

-

>8192

NTNTNT

-

1*

NT

7

E.rhusiopathiae
+

201+8

NT

+

NT

+

NTNTNTNTNTNTNTNT

-

32

NTNT

1

NT

-

1+

0.5

NT

-

0.5

NT

+

201+8

(NT)

-

1+

1-2

-

8

NT

-

1+

0.5

E.rhusiopathiae
+

Joint
mice

C

Joint

^.disrupted
(

old

fracture
Massive
disruptio(Healed^radial

(

fracture
16

Joint
mouseEndocarditisTotal
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„
.

„

.

Ext.

Internal

Serial
„

.

.

_

T

•

^

Appearance
Appearance

Breed
Age

Sex

Joint

..
„

No.

Sw

Oe

Synov
Art

Margin

itis
Lea

Osteop

301

Cheviot
B/M

F

R.

elbow
+

301

L.

elbow
+

302

Cheviot
B/M

F

R

.elbow
+

302

L.elbow
+

303
U

<15
mo

U

R.

tars
us

+

303

L.tars
us

+

30l+a
Hal
fb

red

Adult
F

R.

elbow

30l<a

L.

elbow
+

30Ub
Hal
fb

red

Adult
F

R.elbow
+

30ljb

L.

elbow
+

30l)c
Hal
fb

red

Adult
F

R.

elbow
+

30Uc

L.elbow
+

30Ud
Hal
fb

red

Adult
F

R.elbow
+

30
Id

L.elbow
+

30Ue
Hal
fb

red

Adult
F

R

.elbow
+

30
Ue

L.elbow
+

30Uf
Hal
fb

red

Adult
F

R.elbow
+

30Uf

L.elbow
+

30Ug
Hal
fb

red

Adult
F

R.elbow
+

30l4g

L.

elbow
+

30
Uh

Hal
fb

red

Adult
F

R.elbow
+

30Uh

L.

elbow
+

305

Blackface-<15
mo

F

R.stifle
+

305

L.stifle
+

307
U

Adult
U

L.

stifle
+

308
U

Adult
F

L.stifle
+

309
U

<15
mo

TJ

R.stifle
+

310
X

Suffolk
<15

mo

M

R.carpus
+

Serology

S.

fluid

VoIuel,
.

Synovia
Serum

Appearance
ac

eno
ogy

ĝgtegt

Aggtest

NTNTNTNT

Flocculent

-

+

Flocculent
2

-

+

>8192

NTNTNTHI¬NTNTNTNTNTNTNTNTNTNTNTNT

Cloudy

1

E.rhusiopathiae
+

32768

Cloudy

1

+

32768

Green
pusReddish

fluid
1

+

8192

Clear
fluid

NT

>32768



APPENDIX 1

S^lal Breed Age Sex Joint Breed Age Sex Joint

33 U Lamb U R.carpus 153 U Adult F R. elbow
33 L.carpus 153 L. elbow
3>m U Adult F R.stifle 15k U Adult F R.stifle
6k U U U L.elbow 15U L.stifie
66 Hal fb red F/M F L. elbow 155 u U U R.elbow
66 R.elbow 155 L. elbow

67 U U U R.stifle 155 R.stifle
68 U U U R.stifle 155 L.stifie
Bk Suffolk 15 mo w R.carpus 156 u U u L.stifle
8k L.carpus 157 u U u L.stifie
&k R. elbow 158 u Adult u R.stifle
8U L.stifie 158 L.sti fie
8U R.tars us 159 u Adult u R.elbow
88 Blackface F/M F R.tars us 159 L. elbow

95 U 15 mo U R.carpus 160 u Adult F R. elbow

95 L.elbow 160 L.elbow

96 Greyface F/M F R. elbow 160 R.stifle
96 L.elbow 160 L.stifle
97 Suffolk 15 mo U R. elbow l6l u Adult F R.elbow
98 Hal fb red 15 mo F L. tarsus l6l L. elbow

99 Halfbred B/M F R. elbow 162 u Adult F R. elbow

99 L. elbow 162 L. elbow
100 U U F R. elbow 163 u Adult F R. elbow
101 U 15 mo U L. stifle 163 L. elbow
102 U 15 mo U R.stifle 16U u U F R.stifle
118 Blackface 15 mo F L. tars vis 165 u Adult F L.stifle
127 Halfbred B/M F R. elbow 166 u Adult V R. elbow

127 L. elbow 166 u F L. elbow
128 Halfbred B/M F R. elbow 167 u Adult W R.carpus
128 L.elbow 168 u Adult F R. elbow

129 U U U L.elbow 168 L.elbow

130 Halfbred B/M F R. elbow 169 u Adult F R. elbow
130 L. elbow 170 X Suffolk 15 mo W R. elbow

131 Halfbred B/M F R. elbow 170 L.stifle
131 L. elbow 171 X Suffolk 15 mo W L.stifle
132 Halfbred B/M F R. elbow 172 X Suffolk 15 mo W L.stifle

132 L. elbow 173 X Suffolk 15 mo W L.stifie
133 Halfbred B/M F R. elbow Ilk U U U L.stifie
133 L.elbow 175 u U U L.stifle
13U Halfbred B/M F R.elbow 175a u Adult F R. elbow
13U L. elbow 175a L. elbow

135 Halfbred B/M F R. elbow 178 Blackface 15 mo W R.stifie
135 L.elbow 178 L.tarsus

136 Halfbred B/M F R. elbow 178 L. carpus
136 L. elbow 185 ■

186
U

Halfbred

U

B/M
F
F

R.stifle
R. carpus



APPENDIX 1

aerial
No.

Breed Age Sex Joint

187 Halfbred B/M F R. elbow

187 L. elbow

189 Halfb red B/M F R. elbow

189 L. elbow

190 Halfbred B/M F R. elbow

190 L. elbow

191 Blackface 15 ElO F L.tars us

203a U u U R. elbow
203a L.elbow

235 X Suffolk 15 no W R. stifle
235 R.carpus
235 L.carpus
236 U Adult F R.stifle
237 U 21-33 mo W L.stifle
238 U U U R.carpus
2hl Halfb red B/M F R. elbow
2k2 Suffolk 15 mo U R. stifle
2U3 U U . u R.stifle
2kk U U . u R. elbow
2kk L.elbow

255 Blackface U F R.elbow

255 L. elbow

256 Blackface B/M F- L.stifle
262 Blackface 15 mo U R. carpus
262 L.carpus
262 L.stifle
28k Blackface B/M F R.stifle
295 Cheviot B/M F R. elbow

295 L.elbow
306 U Adult F R. elbow

306 L.elbow
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2

DAMAGEHumeroradial
Hpmeroulnar

A

R

Humeroradial
E

AHumeroulnar
Osteophytes

SerialNo.

Bi¬lateral

Anconeusfracture

Collateralligaments

Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Marginal

"Wing"

Lateral
Medial

VolumeSF

2R

+

+

1

1

+

+

3R

+

+++

3

4

+

3L

+

+++

2

+

+

7R

+

+

1

1

+

+

10R

++

+

++

3

1

2

+

+

+

12R

+

+

+

+

1

1

+

+

12L

+

+

+

+

2

1

2

+

+

19
R

+

+++

++

+

+

b

b

2

2

+

+

+

+

19
L

+

++

+

+++

3

1

2

+

+

20R

+

+++

+

+

+++

3

2

1

2

+

+

+

20L

+

+++

+

h

3

+

+

+

22R

+

++

++

2

2

+

+

22L

+

+

+

2

1

+

+

23L

+

+++

+

b

1

+

+

+

31/2R

++

+

3

2

+

+

31
AL

+

+

3

2

+

+

31/5L

+++

+

h

1

+

+

31/TL

+++

+

+

b

1

1

+

+

31/8R

++

+

+

3

3

2

+

+

1-2
ml

3

ml
2

ml

Jointmousedeveiping
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DAMHumeroradial
AGEHumeroulnar
A

R

Humeroradial
E

AHumeroulnar
Osteophytes

Anconeus

Collateralligaments

SerialNo.

Bi-lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Medial
Lateral
Marginal

"Wing"

fracture
Lateral
Medial

VolumeSF

36r

4

4

44

444

3

1

2

44

4

1

ml

36
L

4

44

44

444

3

1

2

44

4

37L

-

444

+

h

1

4

4

5

ml

38r

4

++

++

444

1

1

2

4

4

36L

4

4

+

444

2

1

2

4

4

4

IJOR

4

444

2

4

4

4

4

5

ml

I4OL

4

444

+

3

1

4

4

4

1+9R

4

++

+

k

1

2

4

4

4

1*9
L

4

4

+

44

44

1

1

2

2

4

4

4

4

50R

4

4

4

44

1

1

2

4

4

50L

4

4

444

444

1.

1

1

4

4

4

4

444

+

4

3

1

1

4

4

4

5L̂

4

+

4

1

1

4

4

6ir

-

++

4

4

3

1

1

4

4

4

u6ir

-

+

4

444,

2

1

2

4

4

70R

-

4

44

444

3

2

2

2

4

4

71R

-

+++

4

4

44

k

1

2

2

4

4

4

4

1

ml

73R

4

+

4

1

1

4

4

4

4

73L~

4

+

4

1

1

4

4

4

4

Calcifica¬tion
in

muscle
tendonsjointmousetunnelformed
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87R8TL90R90L193L

DAMHumeroradial
AGEHumeroulnar
A

R

Humeroradial
E

AHumeroulnar
Osteophytes

Anconeus

Collateralligaments

SZial
lateral

Medial
Lateral
Medial

Lateral
Medial
Lateral
Medial
Lateral

Marginal
"Wing"

^racûre
Lateral

+++

+++

Medial
VolumeSF8

ml
15

ml



appendix 3

Antiserum
Serial No.

(Serotype
in brackets)

Serotyping reactions

9ua 115

(0) (1)
119

(2)

120

(2)

121

(2)

i8oa

(2)

la

(1)

2a

(2)
9ua
(U)

Steamed

antigens
cix

k

13

9>»a
110

115

119

120

121

12k

126

139

176

192

2u7
268

279

180a

200

300

190/7u
SUO

s8a
s8/7
HAH

Mac

Timms

la

2a

3

k

5

6

7

8

9

10

11

12

13

Ik

15

16
Untreated

Antigen la

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ '

+

+

+

+ +

+ +

+ +

+

* Second antiserum

U* untyped



APPENDIX It

Serological test results - Microtitre Agglutination test ABRO lambs

amb No. 2k
hrs

10

days
28
days

18.7.7U 15.8.71* 17.10.7't lit.2.75 9. 7.75

ItSI 16 8 16 16 16 16 8 16 32 32 256 128

1»S2 h 8 8 8 16 16 16 16 16 16 128 6k

its7 h k ■ It 16 32 16 16 16 32 16 512 256
US8 NT <k or It It 16 16 16 8 16 32 16 32 16

1»S16 k k It 32 32 32 32 32 NT NT 128 128

teiT 8 8 It 16 32 6 It 16 16 6k 6 It 128 6k

ltS20 16 it 8 16 16 16 16 16 128 128 512 128

1»FD2 8 <k It 32 6k 32 32 32 32 32 128 32

UFD3 8 k It 128 128 256 512 128 128 128 128 61t

UFD13 8 k It 8 8 8 16 32 16 16 32 32

UFDIU U <lt It 8 or 16 16 16 6k 32 16 16 32 32

1»FD15 k k It NT 8 16 16 16 16 32 32 32

ltFDl6 8 k 16 NT 8 8 8 16 16 16 6 U 6k

UB3 NT k k or 8 16 32 32 6k 6it 128 6it 6k 32

ltB7 8 k It 16 16 16 6k 6 it 32 16 6 it 6k

te8 NT 8 It 16 16 16 6k 32 32 32 32 32

UB18 8 <k <k 16 16 16 16 16 32 16 32 32

itB2it 8 k k 16 16 16 128 128 102 it 256 6k 32

UC19 NT k NT 32 16 16 32 32 32 16 6k 32

itC27 NT k 8 16 8 16 6k 6it 32 32 128 61t

UC29 8 <lt or It It 8 or 16 32 16 32 16 6it 32 256 6!t

ltE56 8 -Ot or It It ■ 8 16 16 16 16 32 16 32 16

ltE57 k It 8 32 16 16 32 32 128 6it 256 61t

UE58 k It 8 16 32 32 32 32 6k 32 6k 6 it

UE59 k *k <k 16 32 16 16 16 32 16 61t 128

ue6i *k k k 16 16 16 16 16 16 16 32 32



APPENDIX U

Serological test results - Microtitre results transformed to -log„

Lamb No. 2U
hrs

10

days
28
days

16 .V.7U 15.8.7U 17.10.7U lU.12 .75 9..7.7

US1 U U 3 U It It 3 u 5 5 8 7

US2 2 3 3 3 It It U u U U 7 6

US7 2 2 2 It 5 It U u 5 U 9 8

US 8 NT 1 or 2 2 U It It 3 u 5 U 5 U

US16 2 2 2 5 5 5 5 5 NT NT 7 7

US17 3 3 2 It 5 6 U U 6 6 7 6

US20 U 2 3 It It it U U 7 T 9 7

UFD2 3 1 2 5 6 5 6 5 5 5 7 5

UFD3 3 2 2 7 7 8 9 7 7 7 7 6

UFD13 3 2 2 3 3 3 U 5 U U 5 5

UfdiU 2 1 2 3 or U it It • 6 5 U U 5 5

UFD15 2 2 2 NT 3 It U U U 5 5 5

UFD16 3 2 u NT 3 3 3 U U U 6 6

UB3 NT 2 2 or 3 It 5 5 6 6 7 6 6 5

UB7 3 2 2 U It It 6 6 5 U 6 6

UB8 NT 3 2 U It It 6 5 5 5 5 5

Ubi8 3 1 1 It It It U U 5 U 5 5

UB2U 3 2 2 It It It 7 7 10 8 6 5

UC19 NT 2 NT 5 It It 5 5 5 U 6 5

UC27 NT 2 3 It 3 It 6 6 5 5 7 6

UC29 3 1 or 2 2 3 or U 5 It 5 U 6 5 8 6

UE56 3 1 or 2 2 3 It It U U 5 U 5 U

UE57 2 2 3 5 It It 5 5 7 6 8 6

UE58 2 2 3 It 5 5 5 5 6 5 6 6

Ue59 2 1 1 It 5 It U U 5 U 6 7

Ue6i 1 2 2 U It It U U U u 5 5



APPENDIX jt
Microtitre Agglutination Test Mean Values of -log^ (ABRO Lambs)

amb No. 2U
hrs

10

days
28
days

18.7.7U 15.8.7U 17.IO.7U lit .12.75 9.7.7!

ItSl It It 3 It it 3.5 5 7.5

itS2 2 3 3 3 it it it 6.5
ItS 7 2 2 ' 2 It U.5 it U.5 8.5
US 8. NT 1.5 2 It it 3.5 U.5 U.5
Usi6 2 2 2 5 it 5 NT 7

ltS17 3 3 2 it 5.5 it 6 6.5
US20 It 2 3 it it it 7 8

UFD2 3 1 2 5 5.5 5.5 5 6

itED 3 3 2 2 7 7.5 8 7 6.5
UFD13 3 2 2 3 3 it.5 it 5

UEDIU 2 1 2 3.5 it 5.5 it 5

UFD15 2 2 2 NT 3.5 it U.5 5

UFDI6 3 2 U NT 3 3.5 it 6

UB3 NT 2 2.5 it 5 6 6.5 '5.5
UB7 3 2 2 it it 6 U.5 6

UB8 NT 3 2 it it 5.5 5 5

Ubi8 3 1 1 it it it U.5 5

UB2U 3 2 2 it it 7 9 5.5

UC19 NT 2 NT 5 it 5 U.5 5.5

UC27 NT 2 3 it 3.5 6 5 6.5
UC29 3 1.5 2 3.5 U.5 U.5 5.5 7

UE56 3 1.5 2 3 it it U.5 U.5
UE57 2 2 3 5 it 5 6.5 7

ue58 2 2 3 it 5 5 5.5 6

ltE59 2 1 1 It U.5 it U.5 6.5
Ue6i 1 2 2 it it it it 5
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Lamb Reciprocal of Microtitre . CIE AGD

A 32

B 6h

C 32

D 16

E 32

F 32

G 16



APPENDIX 6

Sheep

Vaccine group

G. 13

G. 19

G. 62

0. 6k

G. 96
G. 99

H. 8U

H. 85
H. 89

H.115

Antiserum group

G. 37

G. kO

G. U3

G. 1*6

G. 60

G. 90

G. 9l*
H.101

H.122

Control group

G. 30

G. 38

G. 39

G. 53

G. 57

G. 92

G. 98
G.102

H.119

H.121*

Serological test results: EWES' SERA

l) Microtitre agglutination test

Preimmunisation sample 1*8 hour Post partum sample

256
32

16

61*

NT

16

16

16

16

61*

32

8

8

128

16

8

32

16

128

32

61*

61*

32

128

32

6U

32

32

32

32

32

32

32

32

32

16

32

61*

128

128

32

32

61*

32

32

32

32

32

16

32

16

32

16

32

16

32

32

128
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Serological test results: EWES' SERA

l) Microtitre agglutination test - titres transformed
to -log2

Sheep

Vaccine group

G. 13

G. 19

G. 62

G. 6k

G. 96
G. 99

H. 8k

H. 85
H. 89

H.115

Antiserum group

G. 37

G. UO

G. U3
G. k6

G. 60

G. 90

G. 9k
H.101

H.122

Control group

G. 30

G. 38.
G. 39

G. 53

G. 57

G. 92

G. 98
G.102

H.119

H.12U

Preimmunisation sample

8

5

k

6

NT

k

k

u

6

6

5

7

5

6

5

5

5

5

5

5

5

5

5

k

5

6

7

U8 hour Post partum sample

5

3

3

7

k

3

5

k

7

5

7

5

5

6

5

5

5

5

5

k

5

k

5

k

5

k

5

5

T
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Serological test results: EWES' SERA

l) Microtitre agglutination test: Statistical analysis of

titres transformed to

"logo

Vaccine group Preimmunisation 1(8 hour Post
sample partum sample

n 9 10

x. 5.0 U.6

sd 1.1*1 1.51

se 0.1(7 0.1(8

Antiserum group

n 9 9

X 5.6 5.3

sd 0.73 0.71

se 0.2U 0.2b

Control group

n 10 10

X 5.2 CO

sd 0.79 0.92

se 0.25 0.29
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Serological test results: EWES' SERA

2) Growth inhibition test

Sheep Preimmunisation Post Partum

HW KW HW KW

Vaccine group

G. 13 20 5 20 5
G. 19 20 5 20 5
G. 62 ■20 No value 20 5
G. 6k 20 1 20 5
G. 96 20 5 10 5
G. 99 20 5 20 7
H. 8U 20 5 10 5
H. 85 20 10 20 7
H. 89 20 5 20 5
H.115 20 5 20 5

Antiserum group

G. 3T 20 5 20 5
G. kO 20 T 20 7
G. U3 20 10 20 5
G. U6 20 5 20 5
G. 60 20 5 20 7
G. 90 20 1 20 5
G. 9^ 20 5 20 5
H.101 20 5 20 5
H.122 20 5 20 5

Control group

G. 38 20 5 20 5
G. 39 20 7 20 5
G. 53 20 5 20 5
G. 5T 20 7 20 7
G. 92 20 1 20 1
G. 98 20 5 20 5
G.102 20 5 20 5
H.119 20 5 20 5
H.12U 20 5 20 5
G. 30 20 5 20 5

Statistical analysis of KW values:

Vaccine group n_ X s .d. s.e.

Preimmunisation 9 5.1 2.h 0.8

i»8 hour Post partum 10 5.k 1.0 0.3

Antiserum group

Preimmunisation 9 5.3 2.k 0.8

1»8 hour Post partum 9 5.k 0.9 o:3

Control group

Preimmunisation 10 5.0 1.6 0.5
U8 hour Post partum 10 h.B 1.6 0.5



APPENDIX 6

Serological test results; EWES' SERA

3) Counter Immunoelectrophoresis test

Sheen Preimmunisation sample U8 hour Post partua sample

Vaccine group

G. 13 - .

G. 19

G. 63

G. 6U

G. 96
G. 99

H. 8U

H. 85 - -

H. 89

H.115

Antiserum group

G. 37

G. UO

G. U3
G. U6

G. 60

G. 90

G. 9^
H.101

H.122

Control group

G. 30

G. 38

G. 39

G. 53

G. 57

G. 92

G. 98
G.102

H.119

H.12i»



APPENDIX 6

Sheep

Vaccine group

G. 13

G. 19

G. 62

'G. 6U

G. 96
G. 99

H. 8It

H. 85
H. 89

H.115

Antiserum group

G. 37

G. ItO

G. It3

G. It6

G. 60

G. 90

G. 9It
H.101

H.122

Control group

G. 30

G. 38

G. 39

G. 53

G. 57

G. 92

G. 98
G.102

HV3.19

H.12U

Serological test results: EWES' SERA

It) Agar gel immunodiffusion test

Preimmunisation sample U8 hour post partum sample



APPENDIX 6

Serological test results: LAMBS' SERA, grouped jn litters

Ewe No .Identity Lamb (l) Identity Lamb (2) Identity Lamb (3)
* * *

Agg. CIE Agd Agg. CIE Agd. Agg. CIE Agd.

Vaccine group

G. 13 207 32 - - 208 32 -

G. 19 77 61* - - 78 61* - -

G. 62 38 32 - - 39 61* - -

G. 6U 151 4 - - 152 32 - - 153 32 -

G. 96 123 6h - - 12 It 61+ - -

G. 99 15 6'+ - - l6 NT - - 17 32 •

H. 81* 35 32 - - 36 32 - - 37 16 T

H. 85 168 6U - - 169 16 - - 170 32 -

H. 89 102 NT - - 103 61* - -

H.115 1*2 32 - - 1*3 128 - - 1*1* 128 -

Antiserum group

G. 37 203 16 - 201* 32 - -

G. 1*0 111 16 - 112 32 - -

G. 1*3 68 32 - 69 16 - -

G. 1)6 172 61* - 173 32 - -

G. 60 117 32 - 118 16 - -

G. 90- Lambs still born

G. 9U 81 16 - 82 32 - -

H.101 205 16 - 206 61* - -

H.122 30 32 - 31 NT -

Control Group

G. 30 89 16 - 90 32 - - 91 32

G. 38 113 16 111* 16 - -

G. 39 188 32 189 NT - -

G. 53 32 <1* 33 8 - - 31* 61*

G. 57 Lambs still born

G. 92 ll*3 16 - - 155 8 - -

G..98 191* 16 195 16 -

G.102 115 32 116 61* - -

H.119 100 128 101 NT - -

H.121* Lambs still born

*Agg. = Microtitre agglutination test

CIE = Counter Immunoelectrophoresis test

Agd. = Agar gel diffusion test
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Serological test results: Lambs' sera, grouped in litters

Microtitre agglutination titres transformed to -Log„

Ewe No. Lamb (l) -Iog2 Lamb (2) -L°g2 Lamb (3) "Log3
Vaccine group:

G. 13 20? 5 208 5
G. 19 77 6 78 6
G. 62 38 5 39 6
G. 6k 151 2 152 5 153 5
G. 96 123 6 12 U 6
G. 99 15 6 16 NT 17 5
H. 8k 35 5 36 5 37 It
H. 85 168 6 169 It 170 5
H. 89 102 NT 103 6
H.115 k2 5 U3 7 lilt 7

Antiserum group:

G. 37 203 1* 20k 5
G. kO 111 k 112 5
G. k3 68 5 69 k
G. k6 172 6 173 5
G. 60 117 5 118 It
G. 90 Lambs still born
G. 9U 81 k 82 5
H.101, 205 k 206 6
H.122 30 5 31 NT

Control group

G. 30 89 u 90 5
G. 38 113 u lilt It
G. 39 188 5 189 NT
G. 53 32 1 33 3
G. 57 Lambs still born
G. 92 15 it It 155 3
G. 98 19 it It 195 It
G.102 115 5 116 6
H.119 100 7 101 NT
H.12lt Lambs still born

91

3fc
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Serological test results: Slaughtered Lambs' sera

1) Microtitre agglutination test

Lamb U8 hour post Challenge Slaughter
partum sample sample sample

Vaccine group

39 6k

151. k

It It 128

78 6 it

103 6It

36 32

Antiserum group

.81 16

112 32

69 16

118 16

173 32

Control group

91 32

lilt 16

101 NT

Uninoculated control

32 32

It ""NT
128 256

32 256
6k 256
16 16

6k 61t

128 6k

61t 6k

61t 32

128 61t

61t 128

32 128

16 32

188
, 32 16 It



APPENDIX 6

Serological test results: Slaughtered Lambs' sera

l) Microtitre agglutination titres transformed to -Log^
Lamb lt8 hour post Challenge Slaughter

Partum sample sample sample

Vaccine Group

39 6 5 5

151 2 2 NT

Mt 7 7 8

78 6 5 8
103 6 6 8

36 5 ^ b

Antiserum group

81 It 6 6

112 5 7 6

69 b 6 6
118 It 6 5

173 5 7 6

Control group

91 5 6 7

llU It 5 7

101 NT U 5

Uninoculated control

188 5 b 2



APPENDIX 6

Serological test results: Lambs' sera

Statistical analysis of Microtitre Agglutination
titres transformed to -Logg

n X sd se

Vaccine group 23 5.3 1.01 0.22

Antiserum group 15 it.7 0.70 0.18

Control group 16 h.k l.kl 0.35



APPENDIX 6

Serological test results: Slaughtered lambs' sera

l) Microtitre agglutination titres: Statistical

analysis of transformed data.
1+8 hour post
partum sample

Vaccine group

Challenge
sample

Slaughter
sample

n 6 6 5

X 5.3 -p- • OO 6.6

sd 1.75 1.72 1.95

se 0.71 0.70 0.87

Antiserum group

n 5 5 5

X 1+.1+ 6.1+ 5.8
sd 0.55 0.55 0.1+5
se 0.25 0.25 0.20

Control group

n

X

*

3

1+.6*
1+*
1+.8*

3

6.3

sd

se

0.58*
*

0.33

0.96*
0.1+8*

1.15

0.66

* includes uninoculated control.



APPENDIX 6

Serological test results: Slaughtered Lambs' Sera

2) Growth inhibition test

Lamb 1(8 hour post partum Challenge sample Slaughter sample
HW samPls KW HW

_ . KW HW KW

39 20 5 > 20 7 > 20 20

151 20 10 > 20 5 >20 20

1(1( 20 5 > 20 7 7 20 7

78 20 5 >20 10 20 5

103 20 7 20 7 > 20 5

36 > 20 10 > 20 7 20 10

8l 20 5 20 5 7 20 7

112 20 5 20 1 20 10

69 20 5 > 20 10 .>20 7

118 NT N'T >20 10 > 20 10

173 20 7 >20 10 > 20 10

91 20 1 > 20 7 > 20 7

llU 20 7 > 20 7 > 20 10

101 20 1 >20 5 20 5

188 20 5 >20 7 > 20 7

Summary of results of KW only:

Vaccine group n X s .d. s .e.

1(8 hour post partum 6 7.0 2.1(5 1.0

Challenge 6 7.2 1.71 0.7

Slaughter 6 11.2 7.1 2.9

Antiserum group

1(8 hour post partum h 5.5 1.0 0.5

Challenge 5 7.2 U.o 1.8

Slaughter 5 8.8 1.6- 0.7

Control group

1(8 hour post partum 1( 3.5 3.0 1.5
#

Challenge U 6.5 1.0 0.5

Slaughter 3 7.3 2.6 1.5

•includes negative control
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Serological test results: Slaughtered Lambs' sera

3) Counter immuno electrophoresis test

Lamb 1+8 hour post partum Challenge Slaughter
sample sample sample

39

151

1+1+

78

103

36

81

112

69
118

173

91

lll+

101

188
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Serological test results: Slaughtered Lambs' sera

H) Agar gel immunodiffusion test

Lamb U8 hour post partum Challenge Slaughter
sample sample sample

39

151

UU

78

103

36

81

112

69
118

173

91

lib

101

188



APPENDIX 7

Bacteriology: Direct Blood Agar Plates

Lamb R.carpus L.carpus R.stifle L.stifle R.tarsus L.tarsus

39

151

hb

78

103

36

+

+

+

+

+

+

+

+

81

112

69

118

173

+

+

91 +

llU + +

101 + + +

188

+ = isolation of E.rhusiopathiae



Lamb

39

151

kh

78

103

36

81

112

69

118

173

91

lilt

101

188

APPENDIX 7

Bacteriology: Wood's Broths

R.carpus L.carpus R.stifle L.stifle R.tarsus L.tarsus Tonsils Faeces Pre Int
Scap Iliac

+ + + +

+ + + +

+ +

+

+ + + + +

+

+ +

+ + +

+

+

+ +

+

+ + *

+ = isolation of E.rhusiopathiae
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Bacteriology: U°C Broths

Lambs R.carpus L.carpus R.stifle L.stifle R.tarsus L.tarsus Tonsils Faeces Pre

Scap
Int
Iliac

39 + - + + + + +

151 + + + + + + + +

kk + + + +

78 + + + + + +

103 + + + + + + + + +

36 + + + + + +

81 + + + +

112 + + •r + +

69 + + + + + + +

118 +

173 + + + + +

91 + + + + + +

llU + + + +

101 + + + + +

188

+ = isolation of E.rhusiopathiae



APPENDIX 8
Post mortem record

Lamb number: 36

Age: 31 days

Experimental group: Vaccine

Date of examination: 15 May 1975

Sex: Female

Weight: lU kg.

External lesions: None visible

Internal lesions: Prescapular (2 cm) and precrural (2 cm) lymph nodes

oedematous. v

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsus:

Other joints:

Tenosynovitis of sheath of common extensor tendon,

this lesion was connected to the joint space by a

foramen. Joint contained 0.5 ml turbid fluid.

Hie radio-carpal joint space contained 0.8 ml of

turbid fluid. The intercarpal joint space was

apparently normal.

Apparently normal, no excess fluid.

Fibrin tags adherent to synovial membrane, 0.5 ml

turbid fluid

As left stifle

A large fibrin clot was present in 'the joint space,

0.6 ml turbid fluid.

The left elbow contained yellow but not turbid fluid.
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Post mortem record

Lamb number: 39

Age: 28 days

Experimental group: Vaccine

Date of examination: 13 May 1975

Sex: Male castrate

Weight: 20 kg.

External lesions: None visible

Internal lesions: Spleen was slightly enlarged, prescapular lymph nodes

(2,5 S> 3 cm) enlarged.

Joints:-

Right carpus: Apparently normal, 0.5 ml clear fluid.

Left carpus: Radio-carpal joint apparently normal. Inter-carpal

joint contained 0.5 ml yellowish fluid.

Right stifle: Apparently normal, no excess fluid.

Left stifle: Apparently normal, 1.5 ml fluid.

Right tarsus: Contained 2 ml of flocculent greenish fluid, fibrin

tags were adherent to the synovial membrane.

Left tarsus: There was a large mass of fibrin in the joint, there

was also 2 ml of flocculent brownish fluid.



APPENDIX 8
Post mortem record

Lamb number:

Age: 29 days

Experimental group: Vaccine

Date of examination: lU May 1975

Sex: Male castrate

Weight: 13

External lesions: None visible

Internal lesions: None visible

Joints:- Radio-carpal

Right carpus: Apparently normal. Intercarpal contained 1 ml of turbid

green fluid.

Left carpus: As right carpus.

Right stifle: Fibrin clots in joint space with about 2 ml of turbid

green fluid.

Left stifle: As right stifle

Right tarsus: About 0.5 ml of turbid yellow fluid in joint.

Left tarsus: Apparently normal.



APPENDIX 8
Post mortem record

Lamb number: 69

Age: 28 days

Experimental group: Antiserum

Date of examination: 16 May 1975

Sex: Male castrate

Weight: 18 kg.

External lesions:

Internal lesions:

None visible

Prescapular lymph nodes (2 cm) and internal

inguinal (1.5 cm) lymph nodes enlarged.

Joints:

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsia:

Other joints:

Radiocarpal and intercarpal joints contained a

jiurbid green fluid - 1.5 ml was aspirated.

As right carpus

The joint structures appeared normal but the joint

space contained about 2 ml of blood stained fluid -

possibly an artefact.

The joint contained 1 ml of slightly turbid green

flocculent fluid.

Joint space contained fibrin clots and about 1.5 ml

of slightly turbid fluid.

Joint space contained 0.8 ml of a slightly flocculent

clear yellow fluid.

The left lateral and right medial metacarpal-phalangeal

joints contained turbid synovial fluid.



APPENDIX 8
Post mortem record

Lamb number: 78

Age:32 days

Experimental group: Vaccine

External lesions:

Internal lesions:

None visible

None visible

Date of examination: 20 May 1975

Sex: Male

Weight: 17 kg

Joints:-

Right carpus

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Radio-carpal and intercarpal joints contained about

0.5 ml greenish flocculent fluid.

Bruising on the dorsal aspect of carpal joint.

Tendon sheath of common extensor contained about

0.5 ml of cloudy fluid. Joint fluid was clear

and not excessive.

Apparently normal, no excess fluid

Apparently normal, no excess of fluid

Joint space contained a very large fibrin clot

and 1 ml of green flocculent fluid.

Left tarsus: As right tarsus.



APPENDIX 8
Post mortem record

Lamb number: 8l

Age: 28 days

Experimental group: Antiserum

Date of examination: 15 May 1975

Sex: Female

Weight: 16 kg.

External lesions: None visible

Internal lesions: Prescapular (3 cm) and internal inguinal (1.5 ml)

lymiii nodes slightly hyperaemic.

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsus:

Contained about 0.6 ml slightly turbid fluid.

Apparently normal, 0.6 ml clear fluid.

About 0.5 ml slightly turbid fluid.

Slightly turbid fluid.

Joint contained a large fibrin clot and 0.5 ml

turbid fluid.

Apparently normal.

Other joints: Right and left elbcws both contained turbid fluid.



APPENDIX 8
Post mortem record

Lamb number: 91

Age: 26 days

Experimental group: Control

Date of examination: lU May 1975

Sex: Male castrate

Weight: 15 kg.

External lesions: None visible

Internal lesions: Prescapular lymph nodes (3 cm) enlarged, oedematous,

and hyperaemic.

Joints:-

Bight carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Apparently normal

Contained 0.5 ml of turbid fluid.

Apparently normal

Apparently normal

Apparently normal

Left tarsus: Contained about 0.3 ml of cloudy fluid.
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Post mortem record

Lamb number: 101

Age: 32 days

Experimental group: Control

Date of examination: 21 May 1975

Sex: Male castrate

Weight: 20 kg.

External lesions: None visible

Internal lesions: None visible

Joints:-

Right carpus:

Left carpus:

Ri$it stifle:

Left stifle:

Right tarsus:

Left tarsus:

Joint contained small fibrin clots and 0.8 ml

of cloudy fluid.

Contained 1.2 ml of cloudy, flocculent fluid.

Apparently normal.

Contained 1 ml of cloudy fluid

Some fibrin clots present in the joint with 2.5 ml

of flocculent turbid fluid.

As right tarsus.



APPENDIX 8

Post mortem record

Lamb number: 103

Age: 32 days

Experimental group: Vaccine

Date of examination: 21 May 1975

Sex: Male castrate

Weight: 16 kg.

.External lesions:

Internal lesions:

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsus:

Other joints:

None visible

Prescapular lymph nodes (3 and It cm) much enlarged.

t

Contained 0.5 ml of turbid fluid.

Haematoma in the subcutaneous tissues of the dorsal

aspect joint apparently normal.

Small fibrin clots in the joint and 1 ml of turbid

fluid.

Contained O.lt ml of cloudy fluid.

Fibrin clot in the joint and 1.5 ml of turbid fluid.

Fibrin clot in the joint and 2 ml of turbid fluid.

Left shoulder joint contained turbid flocculent fluid.
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Lamb number: 112

Age: 29 days

Experimental group:

External lesions:

Interned, lesions:

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsus:

Post mortem record

Date of examination: 19 May

Sex: Male castrate

Antiserum Weight: 18 kg.

None visible

Prescapillar lymph nodes (2.5 cm) enlarged).

Apparently normeil, 1 ml cleeir fluid.

Apparently normal, 1 ml clear fluid.

Contained 0.5 ml cloudy fluid.

Apparently normal, 0.5 ml cleeir fluid.

Pibrin clot present in the joint and about 1 ml

flocculent fluid.

Apparently normal, 0.U ml clear fluid.
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Post mortem

Lamb number: 111*

Age: 28 days

Experimental group: Control

Date of examination: 19 May 1975

Sex: Male castrate

Weight: 16 kg.

External lesions: None visible

Internal lesions: Prescapular (2.5 cm) and popliteal (l cm)

lymph nodes enlarged.

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

Left tarsus:

Radio-carpal joint contained 1 nl of flocculent

fluid, other compartments were apparently normal.

Apparently normal

Apparently normal

Very large fibrin clot in joint with early pannus

formation.

Large fibrin clot and 0.8 ml cloudy fluid in

joint.

Small fibrin clots and 0.6 ml clear fluid.
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Post mortem re cord

Lamb number: 118

Age: 29 days

Experimental group: Antiserum

Date of examination: 20 May 1975

Sex: Male castrate

Weight: 16 kg

External lesions: None visible

Internal lesions: None visible

Joints:-

Right carpus: Apparently normal, 0.5 ml clear fluid

Left carpus: Apparently normal, 0.5 ml clear fluid

Right stifle: Apparently normal, 0.5 ml clear fluid

Left stifle: Large fibrin clot covered all of the articulating

surfaces, 0.1+ ml cloudy fluid.

Right tarsus: Apparently normal.

Left tarsus: Very large fibrin clot in the joint and about 1 ml

of greenish flocculent fluid.

Other joints: Left hip contained cloudy fluid.
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Post mortem record

Lamb number: 151

Age: 27 days

Experimental group: Vaccine

Date of examination: 27 May 1975

Sex: Female

Weight: 8 kg.

This lamb was found dead on the morning of 27 May.

External lesions:

Internal lesions:

None visible

No fat present in the carcase. Bone marrow very

gelatinous. Lungs congested. Approximately 20 ml

of clear yellow fluid in pericardial sac. The

venae cavae and pulmonary blood vessels were

enlarged. Liver congested. A 30 cm of small

intestine showed marked hyperaemia.

Joints:-

Right carpus: Many fibrin clots and 0.8 ml turbid fluid in the

joint.

Left carpus: Contained some blood stained turbid fluid.

Right stifle: A few fibrin clots and 0.3 ml turbid fluid in the

joint.

Left stifle: Contained 0.25 ml turbid fluid.

Right tarsus: Large fibrin clot and O.h ml of cloudy fluid.

Left tarsus: As right tarsus.

Other joints: Right medial meta carpal-phalangeal joint contained

a fibrin clot.
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Post mortem record

Lamb number: 173

Age: 30 days

Experimental group: Antiserum

Date of examination 26 May 1975

Sex: Female

Weight: lU kg.

External lesions:

Internal lesions:

Joints:-

Right carpus:

Left carpus:

Right stifle:

Left stifle:

Right tarsus:

None visible

Both kidneys had several petechiae on their surfaces.

Medial cusp of mitral valve and tricuspid valve had

haematomata on their surfaces.

Apparently normal, 0.4 ml clear fluid.

Contained 1 ml of turbid green fluid

Apparently normal

Apparently normal

Fibrin clot and 0.4 ml flocculent fluid in joint.

Left tarsus: Fibrin clot and 0.5 ml of clear yellow fluid in joint.
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Post mortem record

Lamb number: 188 Date of examination: 26 May 1975

Age: 30 days Sex: Male castrate

Experimental group: Uninfected control Weight: 20 kg.

External lesions: None visible

Internal lesions: None visible

Joints:-

Right carpus: Apparently normal, 0.8 ml of clear fluid

Left carpus:

Rigit stifle:

Apparently normal, 0.8 ml of clear fluid

Apparently normal, 0.U ml of clear fluid

Left stifle: Apparently normal, 2 ml of clear fluid

Right tarsus: Apparently normal, 1 ml of clear fluid

Left tarsus: Apparently normal, 1 ml of clear fluid.
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Serological test results - l) Microtitre agglutination test

Sheep Preimmunisation 1+8 hour post
partum

30 weeks 32 weeks 33 weeks

G. 13 256 128 32 32 61+ 32 32 61+ 61+ 32

G. 19 32 32 16 8 32 16 256 32 512 128

G. 62 16 16 32 8 32 32 128 61+ 61+ 61+

G. 6k 128 61+ 128 128 128 256 512 128 512 61+

G. 96 NT NT 16 16 16 16 61+ 61+ 61+ ■ 128

G. 99 16 16 16 8 61+ 16 16 32 32 32

H. 8U 32 16 32 32 32 1+ 256 32 61+ 61+

H. 85 8 16 32 16 16 8 16 8 16 8

H. 89 32 16 61+ 128 61+ 61+ 61+ 128 256 61+

H.115 32 61+ 61+ 32 16 61+ 128 128 128 128

Titres transformed to -log2.
G. 13 8 7 5 5 6 5 5 6 6 5

G. 19 5 5 1+ 3 5 1+ 8 5 9 7

G. 62 1+ 1+ 5 3 5 5 7 6 6 6

G. 61+ 7 6 7 7 7 8 9 7 9 6

G. 96 NT NT l» 1+ 1+ 1+ 6 6 6 7

G. 99 1+ 1+ 1+ 3 6 1+ 1+ 5 5 5

H. 81+ 5 1+ 5 5 5 2 8 5 6 6

H. 85 3 1+ 5 1+ 1+ 3 1+ 3 1+ 3

H. 89 5 1+ 6 7 6 6 6 7 8 6

H.115 5 6 6 5 1+ 6 7 7 7 7

Transformed data

X 5.00 1+.85 1+.95 6.05 6.20

n 18. 20 20 20 20

s. d. 1.33 1.27 1.39 1,.50 1.1+7
s .e. 0.31 0.28 0.31 0.31+ 0.33

t value 2.110 2.093 2.093 2,.093 2.093

t x s .e. 0.65 0.59 0.65 0,.71 O.69

x + s .e. 5.65 5.1+1+ 5.60 6.76 6.89
X - s.e. 1+.35 1+.26 1+.30 5..31+ 5.51

Analysis of variance
of transformed data

Source SSq df MS Variance
ratio

Between 181.65 1+ 1+5.1+1 122.73

Within 31+.20 93 0.37

Total 215.85 97

P < 0.01
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Serological test results: -2) Growth Inhibition test

19/12M

G. 13 20 20
. 5 5

G. 19 > 20 > 20 1 5
G. 62 > 20 So KW
G. 6U 10 > 20 7 1
G. 96 20 5
G. 99 20 > 20 5 5
H. 8!* > 20 > 20 7 5
H. 85 > 20 > 20 5 10
H. 89 20 > 20 5 5
H.115 20 > 20 5 5

1*8 hour Post partum

G. 13 20 >20 7 5
G. 19 > 20 >20 7 5
G. 62 > 20 >20 5 5
G. 6k - 20 5
G. 96 >20 5
G. 99 20 >20 7 7
H. 81* 20 10 5 5
H. 85 20 >20 1 7
H. 89 20 >20 5 5
H.115 > 20 >20 5 5

11/7/75

G. 13 » 20 > 20 5 10
G. 19 > 20 > 20 5 5
G. 62 > 20 > 20 5 5
G. 6k 20 7 5 1
G. 96 20 10 5 5
G. 99 20 10 5 5
H. 8U > 20 >20 5 5.
H. 85 9 20 >20 7 10
H. 89 9 20 >20 5 5
H.115 20 >20 5 5

23/7/75

G. 13 > 20 > 20 5 20
G. 19 > 20 > 20 5 5
G. 62 20 10 5 or 1 5
G. 61* 7 10 1 1
G. 96 20 10 5 5
G. 99 20 10 5 5
H. 8U 20 > 20 1 1
H. 85 20 20 5 5
H. 89 > 20 > 20 5 5
H.115 > 20 5
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Serological test results: - 2) Growth Inhibition test

Sheep HW KW
29/7/75

G. 13 > 20 > 20 5 7
G. 19 > 20 5
G. 62 > 20 > 20 5 5
G. 6k 20 7 5 1
G. 96 > 20 20 5 1
G. 99 > 20 > 20 5 5
H. 81* 20 10 5 5
H. 85 20 20 5 5
H. 89 20 > 20 5 5
H.115 > 20 5

Statistical analysis

of KW values

19/12/7U
t = 2.120

t = 2.101

11/7/75

t = 2.093

23/7/75

t = 2.093

g?/7/75
t = 2.101

X 5.06
n 17

s.d. 2.01
s .e. 0.1*9

t x s.e. 0.82

rtmn

X 5.11
n 19

3 .a. 1.70
s.e. 0.39

t x s.e. 0.82

X 5.1*0
n 20

s .a. 1.88
s.e. 0.1*2

t x s.e. 0.88

X 1*.75
n 20

s.a. 1*.0
s.e. 0.89

t x s.e. 1.86

X 1*.1*7
n 19

s.a. 1.6l
s.e. 0.37

t x s.e. 0.78

no
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Serological results - 3) Counter Immunoelectrophoresis test

Sheep 19/12/71* 1*8 hour 11/7/75 23/7/75 29/7/75
Post partum

G. 13
G. 19
G. 62
G. 61*
G. 96
G. 99
H. 81*
H. 85
H. 89
H.115

Serological results - 1*) Agar Gel Immunodiffusion

Sheep 19/12/71* 1*8 hour
Post partum 11/7/75 23/7/75 29/7/75

G. 13 - - -

G. 19 - - -

G. 62 - - -

G. 61* - - -

G. 96 -

G. 99 - - -

H. 81* - - -

H. 85 - - - -

H. 89 - - -

H.115 - -

c;



APPENDIX 10
Serological test results: Microtitre Agglutination test

Ewe Preimmunisation 21+/11/75 1/12/75 8/12/75 15/12/75

E.102 61+ 32 32 < 1+ 8 61+ 61+ 61+ 1+ 61+ 8 32
G. 72 32 16 32 16 16 32 61+ 32 16 32 16 32
H. 66 61+ 61+ 61+ 61+ 32 61+ 128 61+ 61+ 61+ 32 32
K. 33 128 32 32 < 1+ 1+ 61+ 61+ 61+ 32 61+ 32 61+
K. 6o 128 32 61+ < 1+ 1+ 61+ 61+ 61+ 8 61+ 32 61+
K.115 256 1021+ 256 1+ 61+ 128 256 128 61+ 61+ 32 61+
L. 1+8 61+ 32 61+ 128 8 61+ 61+ 61+ 1+ 61+ 16 61+
L.161 128 32 61+ 32 16 61+ 61+ 61+ 32 61+ 32 32
M. 76' 128 16 61+ < 1+ 8 61+ 61+ 61+ 8 32 16 61+

H. 32 61+ 32 61+ < 1+ 32 61+ 61+ 61+ 32 61+ 32 32
K. 1+6 32 8 NT 256 16 NT 16 32 1+ 32 16 32
K. 62 61+ 16 32 32 32 32 32 61+ 32 32 32 32
K. 65 61+ 32 32 61+ 61+ 32 61+ 128 32 61+ 32 61+
L. 25 32 61+ 61+ < 1+ 32 61+ 128 128 61+ 61+ 61+ 61+
L.1U6 256 128 NT < 1+ 61+ NT 128 128 61+ 128 32 128
L.162 32 8 61+ 8 16 61+ 61+ 61+ 61+ 61+ 32 61+
M. 98 32 61+ 61+ < 1+ 61+ 61+ 128 128 61+ 32 32 NT

H. 35 61+ 16 61+ 61+ 32 61+ 128 61+ 61+ 61+ 61+ 61+
H. 80 61+ 61+ 128 32 61+ 128 128 128 61+ 61+ 32 128
H.138 61+ 8 32 1+ 32 32 61+ 61+ 32 128 32 61+
K. 83 61+ 61+ 16 8 32 16 61+ 61+ 61+ 61+ 32 61+
L.'l8 61+ 32 61+ 8 32 61+ 61+ 32 32 61+ 61+ 32
L. 31 32 8 32 61+ 128 32 512 128 61+ 128 61+ 61+
L. 87 32 < 1+ 16 16 8 16 61+ 32 1+ 32 1+ 32
L.136 32 16 32 61+ 61+ 32 128 61+ 61+ 61+ 32 32

H. 30 61+ 32 61+ 1+ 32 61+ 128 128 61+ 128 32 61+
H. 77 32 32 61+ 8 32 61+ 61+ 61+ 32 61+ 16 61+
H. 81 32 16 61+ 128 128 61+ 512 201+8 128 256 128 NT
K. 35 32 16 32 16 32 32 128 128 61+ 128 32 61+
L. 1+9 61+ 16 61+ 128 128 61+ 512 128 61+ 256 128 NT
L. 81+ 32 16 16 32 32 16 61+ 128 32 61+ 32 61+
M. 77 61+ 32 61+ 256 61+ 61+ 128 256 128 128 128 128
M.17I+ 61+ 32 32 8 32 32 128 61+ 128 128 61+ 61+

H. 50 32 8 32 < 1+ 32 128 128 61+ 32 61+ 32 128
K. 73 32 16 32 256 128 512 512 256 128 256 61+ 128
K.15I+ 32 16 61+ < 1+ 61+ 128 128 61+ 32 61+ 61+ 61+
L. 51 61+ 32 61+ 512 128 256 256 128 61+ 61+ 61+ 61+
L. 59 6U 16 61+ 256 128 256 256 256 128 128 128 NT
L.125 61+ 61+ 128 256 128 128 256 128 61+ 128 61+ 128
M.lllt 128 32 32 128 128 128 256 128 61+ 128 61+ 128

(1) Control group

(2) Commercial vaccine group

(3) Alum, hydroxide group

(1+) Water in oil vaccine group

(5) Multiple emulsion vaccine group



APPENDIX 10
Serological test results: Microtitre agglutination titres

(transformed to -log,,)

Ewe Preimmunisation 2H/11/75 1/12/75 8/12/75 15/12/75

E.102 6 5 5 1 3 6 6 6 2 6 3 5
G. 72 5 U 5 It It 5 6 5 It 5 It 5
H. 66 6 6 6 6 5 6 7 6 6 6 5 5
K. 33 7 5 5 1 2 6 6 6 5 6 5 6
K. 60 7 5 6 1 2 6 6 6 3 6 5 6
K. 115 8 10 8 2 6 7 6 7 6 6 5 6
L. U8 6 5 6 7 3 6 6 6 2 6 It 6
L'.l6l 7 5 6 5 It 6 6 6 5 6 5 5
M. 76 7 k 6 1 3 6 6 6 3 5 It 6

H. 32 6 5 6 1 5 6 6 6 5 6 5 5
K. U6 5 3 NT 8 It NT It 5 2 5 It 5
K. 62 6 It 5 5 5 5 5 6 5 5 5 5
K. 65 6 5 5 6 6 5 6 7 5 6 5 6
L. 25 5 6 6 1 5 6 7 7 6 6 6 6
L.1U6 8 7 NT 1 6 NT 7 7 6 7 5 7
L.162 5 3 6 3 It 6 6 6 6 6 5 6
M. 98 5 6 6 1 6 6 7 7 6 5 5 NT

H. 35 6 it 6 6 5 6 7 6 6 6 6 6
H. 80 6 6 7 5 6 7 7 7 6 6 5 7
H.138 6 3 5 1 5 5 6 6 5 7 5 6
K. 83 6 6 It 3 5 it 6 6 6 6 5 6
L. 18 6 5 6 3 5 6 6 5 5 6 6 5
L. 31 5 3 5 6 7 5 9 7 6 7 6 6
L. 87 5 1 It It 3 1+ 6 5 2 5 2 5
L.136 5 It 5 6 6 5 7 6 6 6 5 5

H. 30 6 5 6 2 5 6 7 7 6 7 5 6
H. 77 5 5 6 3 5 6 6 6 5 6 It 6
H. 81 5 It 6 7 7 6 9 11 7 8 7 NT
K. 35 5 It 5 It 5 5 7 7 6 7 5 6
L. Ug 6 It 6 7 7 6 9 7 6 8 7 NT
L. 8U 5 It It 5 5 it 6 7 5 6 5 6
M. 77 6 5 6 8 6 6 7 8

'

7 7 7 7
M.171* 6 5 5 3 5 5 7 6 7 7 6 6

H. 50 5 3 5 1 5 7 7 6 5 6 5 7
K. 73 5 It 5 8 7 9 9 8 7 8 6 7
K.15^ 5 It 6 1 6 7 7 6 5 6 6 6
L. 51 6 5 6 9 7 8 8 7 6 6 6 6
L. 59 6 It 6 8 7 8 8 8 7 7 7 NT
L.125 6 6 7 8 7 7 8 7 6 7 6 7
M.llU 7 5 5 7 7 7 8 7 6 7 6 7
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Statistical Analysis of Microtitres transformed to -log„

Preimmunisation 2U/11/75 1/12/75 8/12/75 15/12/75

x 5.96 U.22 6.17 U.89 5.00
11 27 27 18 18 18
sd 1.32 2.03 0.62 1.1*5 0-81*

(l) se 0.25 0.39 0.15 0.3U 0.20
t value 2.056 2.056 2.110 2.110 2.110
t x se 0.51 0.80 0.32 0.72 0.1*2
x + tse 6.1*7 5.02 6.1*9 5.61 5.1*2
x - tse 5.!*5 3.1*2 5.85 U.17 !*.58

x 5.1*1 1*. 59 6.19 5.1*1* 5-33
11 22 22 16 16 15
sd l.llt 1.99 0.91 1.09 0.72

(2) se 0.2l* 0.1*2 0.23 0.27 0.19
t value 2.080 2.080 2.131 2.131 2.ll*5
t x se 0.50 0.87 0.1*9 0.58 0.1*1
x + tse 5.91 5.U6 6.68 6.02 5.71*
x - tse U.91 3.72 5-70 1*.86 1*.92

x I+.96 1* .92 6.38 5.69 5.36
n 21* 21* 16 16 16
sd 1.33 1.1*1 O.96 l.ll* 1.09

(3) se 0.27 0.29 0.21* 0.28 0.27
t value 2.069 2.069 2.131 ' 2.131 2.131
t xse 0.56 0.60 0.51 0.60 0.58
x + tse 5.52 5.52 6.89 6.29 5.91*
x - tse 1*. 1*0 1*.32 5.87 5.09 1*.78

x 5.17 5.33 7-31 6.56 5.93
n 2l+ 21* 16 16 ll*
sd 0.76 1.1*3 1.35 0.89 0.92

(1*) se 0.16 0.29 0.31* 0.22 0.25
t value 2.069 2.069 2.131 2.131 2.160
t x se 0.33 0.60 0.72 0.1*7 0.5I*
x + tse 5.50 5.93 8.03 7.03 6.1*7
x - tse 1*.81* 5.73 6.59 6.09 5.39

x 5.29 6.71 7.1*3 6.36 6.31
n 21 21 ll* ll* 13
sd 1.01 2.10 0.85 0.81* 0.63

(5) se 0.22 0.1*6 0.23 0.23 0.17
t value 2.086 2.086 2.160 2.160 2.160
t x tse 0.1*6 0.96 0.50 0.50 0.37
x + tse 5.75 T.67 7.93 6.86 6.68
x - tse 1*.83 5.75 6.93 5.86 5.9l*

(1) Control group

(2) Coramerical vaccine group

(3) Alum, hydroxide vaccine group

(1*) Water in oil vaccine group

(5) Multiple emulsion group



APPENDIX 10

Serological test results - 2) Growth Inhibition test

Ewe Preinmunisation 2U/11/75 1/12/75 8/12/75 15/12/75

E.102 > 20 5 20 7 20 5 10 0.5 20 7
G. 72 > 20 10 > 20 5 20 5 20 1 20 5
H. 66 > 20 7 10 5 5 0.5 > 20 5 10 5
K. 33 > 20 5 20 5 20 5 7 20 7 10 7
K. 60 20 5 10 5 20 1 >20 10 20 7
K.115 > 20 5 7 5 >20 5 . > 20 5 5 No KW
L. U8 > 20 7 20 7 20 5 >20 5 20 7
L.161 20 5 ? 20 7 > 20 1 7 20 7 20 7
M. T6 > 20 5 20 7 5 0.5 5 0.25 20 5

H. 32 NT NT > 20 5 > 20 1 20 5 >20 5
K. k6 20 No KW 20 7 >20 5 >20 5 20 5
K. 62 10 No KW 20 5 20 5 20 5 20 5
K. 65 5 0.5 > 20 5 5 1 20 5 >20 5
L. 25 20 1 20 5 20 1 20 5 >20 5
H. k6 10 1 20 5 20 1 20 5 >20 5
L.162 20 1 20 5 20 7 20 5 10 5
M. 98 20 1 > 20 5 20 5 20 5 20 5

H. 35 20 5 >20 7 ? 20 5 10 5 >20 5
H. 80 5 0.5 > 20 5 5 0.5 10 1 >20 5
H.138 20 1 > 20 7 > 20 5 > 20 5 >20 5
K. 83 20 5 > 20 10 > 20 5 > 20 5 20 5
L. 18 20 1 > 20 5 > 20 5 > 20 5 >20 5
L. 31 10 1 > 20 5 5 0.5 >20 5 20 5
L. 87 20 1 > 20 5 > 20 5 20 5 20 5
L.136 20 5 > 20 5 > 20 5 20 5 >20 5

H. 30 20 1 > 20 7 5 0.5 20 1 >20 5
H. 77 20 5 >20 5 > 20 7 >20 5 >20 5
H. 8l 20 5 >20 5 > 20 5 20 5 >20 5
K. 35 20 5 20 5 > 20 5 20 1 >20 5
l. kg 20 5 > 20 5 5 1 >20 5 >20 7
L. 8k >20 7 20 7 >20 10 > 20 5 >20 5
M. 77 20 7 > 20 5 > 20 5 >20 5 >20 5
M.17i* 20 5 > 20 5 > 20 5 20 1 >20 7

H. 50 20 5 >20 7 > 20 5 >20 10 10 7
K. 73 20 5 >20 5 > 20 5 >20 5 >20 5
K.15>t 7 20 7 >20 10 > 20 5 >20 5 >20 10
L. 51 > 20 5 >20 5 > 20 7 > 20 5 5 No KW
L. 59 >20 7 >20 7 >20 5 20 5 >20 10
L.125 > 20 10 >20 5 5 1 > 20 5 7 20 5
M.lllt ^20 5 >20 7 > 20 7 20 5 20 5



APPENDIX 10
Serological test results

Counter current immunodiffusion Agar gel immunodiffusion

Ewe Preim. 21+/11/75 1/12 8/12 15/12 Preim. 21+/11/75 1/12 8/12 15/12

E.102
G. 72
H. 66

. K. 33
K. 60

(1) K.115
L. 1+8
L.161
M. 76

H. 32
K. U6
K. 62
K. 65

(2) L. 25
L.ii+6
L.162
M. 98

H. 35
H. 80
H.138
K. 83

(3) L. 18
L. 31
L. 87
L.136

H. 30
H. 77
H. 81
K. 35
L. 1+9

W L. 81+
M. 77
M.171+

. E. 50
K. 73
K.151+
L. 51

(5) L' 59
L.125
M.lllt



APPENDIX 11 - Subcutaneous Lesions at Vaccination Site

Day lU Day 21 Day 28 Day 35 Day 1+2

Group 2

H. 32
K. 1(6
K. 62
K. 65
L. 25
L.1U6
I.162
M. 98

Group 3

H. 35
H. 80
H.138
K. 83
L. 18
L. 31
L. 87
L.136

Group 1(

0 or 1

1
1
1
1
1
1
1
2

or

0
0
1
0
1
0

or

or

1
1

or

1
or

0
1

1
0
0
0

or

0
0
0

or

0
or

0
or

or

0
1

0
0
0
0
0
0
0
0

or

0
0
0
0
0
0
1

0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0

H. 30
H. 77
H. 81
K. 35
L. 1(9
L. 8h
M. 77
M.17l(

1
3
3
or 2
3A*
3
3
2

3
2
3

or 2
1
NT
2
1

**

1
2
3
1
2
1
2
0

0
0

or

1
2
1

or

or

Group 5

H. 50
K. 73
K.15l»
L. 51
L. 59
L.125
M.llU

2A

3
3
3
3
3
h

3A
3
2
2
2
2
3

A = Abscess

**

NT = Not examined

Means of groups

Day lU Day 21 Day 28 Day 35 Day 1(2

Group 2

3

U

5

0.8

1.1

2.3

0.1(

0.6

1.9

2.1(

0.2

0.U

1.5

2.0

0

0.1

0.2

1.U

0

0

0.1

0.9



APPENDIX 12

Skinfold thickness measurements in millimetres

Sheep Day

Right Leg

Dead Control Live

Left Leg

Live Control Dead

Vaccine group

G. 13

G. 19

G. 62

G. 6h

G. 99

H. 8lt

0 before
0 after
1
2
it
5
6

0 before
0 after
1
2
It
5
6

0 before
0 after

1
2
k
5

0 before
0 after
1
2
k
5
6

0 before
0 after
1
2
k
5
6

0 before
0 after
1
2
k
5
6

2
It
2
1»
2
2
2

2
2
U
2
2
2
2

2
It
2
2
2
2
2

2
It
2

3
It
It
2

2
It
It
It
It
2
2

2
It
2
2
2
2
2

2
It
2
It
It
It
2

2
It
2
2
2
2
2

2
It
2

5
It
2
2

2
It
5
6
It
6
2

2
It
3
3
6
6
2

2
It
2
It
2
2
2

2
It
2
2
2
2
2

2
It
2
2
2
2
2

2
It
3
It
2
3
2

2
It
5
5
It
it
2

2
it
3
3
2
6
2

2
it
3
2
3
3
2

2
it
2
2
2
2
2

2
it
2
2
2
2
2

2
it
2
2
2
2
2

2
it
2

3
2
2
2

2
it
2
2
2

2
it
2
2
2

3
2

2
it
2

3
2
3
2

2
it
2
2
2
2
2

2
It
2
2
2
2
2

2
it
2
3
it
it
2

2
it
2
2
2
2
2

2
it
2
2
3
2
2



APPENDIX 12

Skinfold thickness measurements in millimetres

Right Leg Left Leg

Sheep Day Dead Control Live Live Control Dead

H 85

H. 89

H.115

Control group

G. 38

G. ItO

G. U3

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 It 6 2 2
2 2 2 6 8 2 2
u 2 2 2 2 2 2
5 2 2 2 2 2 2
6 2 2 2 2 2 3

0 before 2 2 2 2 2 2
0 after It It It It It It
1 3 2 2 2 2 2
2 3 2 2 2 2 2
k It 2 3 2 2 3
5 2 2 2 2 2 3
6 2 2 2 2 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 5 5 2 2
2 2 2 9 5 2 5
It 5 2 5 5 5 2
5 2 2 5 5 3 3
6 2 2 2 2 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 3 2 6 6 2 2
2 2 2 11 lit 2 2
U 2 2 13 17 2 2
5 2 2 lU lit 2 2
6 2 2 lit 12 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 6 6 2 2
2 2 2 8 T 2 2
It NT NT NT NT NT
5 2 2 8 8 2 2
6 2 2 8 8 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 5 8 2 2
2 2 2 15 lit 2 2
It 2 2 lit 16. 2 2
5 2 2 lit lit 2 2
6 2 2 8 8 2 2



APPENDIX 12

Skinfold thickness measurement in millimetres

Right Leg Left Leg

Sheep Day Dead Control Live Live Control Dei

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 2 2 2 2
2 2 2 7 8 2 2
1» 2 2 8 9 2 2

5 2 2 8 7 2 2
6 2 2 6 6 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 ' 3 2 It It 2 2
2 2 2 10 8 2 2
4 2 2 8 8 2 2
5 2 2 6 6 2 2
6 2 2 2 2 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2. 2 5 5 2 2
2 2 2 8 8 2 2
It 2 2 9 9 2 2
5 2 2 10 lit It 2
6 2 2 8 12 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 3 2 It It 2 2
2 2 2 8 8 2 2
k 2 2 9 8 2 2
5 3 2 10 8 2 2
6 2 , 2 6 5 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 2 it It 2 2
2 2 2 8 7 2 2
It 2 2 5 5 2 2
5 2 2 5 5 2 2
6 2 2 5 It 2 2

0 before 2 2 2 2 2 2
0 after It It It It It It
1 2 3 5 5 2 2
2 2 2 8 9 2 2
It 2 2 6 9 2 2
5 2 2 8 9 2 2
6 2 2 5 7 2 2

G. U6

G. 98

H. 92

H.101

H.lll

H.119



APPENDIX 12

Skinfold thickness measurements in millimetres

Sheep Day

H.122 0 before
0 after
1
2
h
5
6

K. 68 0 before
0 after
1
2
k
5
6

Right Leg

Dead Control Live

2 2 2
It It It
2 2 6
2 2 11
2 2 13
2 2 11
2 2 10

? 2 2
h It It
3 2 6
2 2 8
2 3 10
2 2 6
2 2 8

Left Leg

Live Control Dead

2 2 2
It It It
It 2 2

10 2 2
11 2 2

9 2 2
11 2 2

2 2 2
It It It
6 2 2

10 2 2
10 2 2

8 2 2
8 2 2



appendix 12

Skinfold Thickness: Live site total thickness

Vaccine Group

Sheep Day 0 1 2 3 k 5 6

G. 13 k k 6 NT 6 6 k

G. 19 k k k NT k l» k

G. 62 k 5 9 NT
, 6 5 k

G. 6k k 10 11 NT 8 10 k

G. 99 k 6 6 NT 8 12 k

H. 8U k 5 6 NT 5 5 k

H. 85 k 10 lU NT k k k

H. 89 k k k NT 5 k k

H.115 k 10 Ik NT 10 10 k

Control Group

G. 38 k 12 25 NT 30 28 26

G. to h 12 15 NT NT 16 16

G. k3 k 13 29 NT 30 28 16

G. U6 k U 15 NT 17 15 12

G. 98 k 8 18 NT 16 12 k

H. 92 k 10 l6 NT 18 2k 20

H.101 k 8 16 NT 17 18 11

H.lll k 8 15 NT 10 10 9

H.119 k 10 IT NT 15 17' 12

H.122 k 10 21 NT 2k 20 21

K. 68 k 12 18 NT 20 lU 16



APPENDIX 12

Skinfold thickness: Dead site total thickness

Vaccine Group

Sheep Day 0 1 2 3 U 5 6

G 13 it it 7 NT it 5 it

G. 19 It 6 it NT it it it

G. 62 It it it NT it it it

G. 6U It it 6 NT 8 8 it

G. 99 It 6 6 NT 6 it it

H. 81t It it it NT 5 it it

H. 85 It it it NT it it 5

H. 89 It 5 5 NT 7 5 it

H.115 It it 7 NT 7 5 it

ontrol Group

G. 38 it 5 it NT it it it

G. UO it it it NT NT it it

G. U3 it it it NT it It it

G. U6 it it it NT it it it

G. 98 it 5 it NT It it it

H. 92 it it it NT it It it

H.101 it
. 5 it NT it 5 it

H.lll it it it NT it it it

H.119 it it it NT it it ' it

H.122 it it it NT it it it

K. 68 it 5 it NT It it it



APPENDIX 12

Skinfold thickness: Control site total thickness

Vaccine Group

Sheep Day 0 1 2 3 1* 5 6

G 13 1* 1* 5 NT 1* k k

G. 19 1* 1* 1* NT 1* k k

G. 62 1* 1* k NT 1* k k

G. 6k 1* 1* 5 NT 1* k k

G. 99 1* 1* 1* NT k 5 k

H. 81* 1* 1* 1* NT k 5 k

H. 85 1* k 1* NT k 1* k

H. 89 1* k 1* NT h 1* k

H.115 1* k k NT 7 5 1*

Control Group

G. 38 1* k k NT 1* 1* 1*

G. 1*0 1* k k NT NT
.

1* 1*

G. 1*3 1* k h NT 1* 1* l»

G. U6 k k k NT 1* k 1*

00Ond 1* k 1* NT 1* k 1*

H. 92 1* k 1* NT 1* 6 1*

H.101 1* h 1* NT 1* 1* 1*

H.lll 1* k 1* NT 1* 1* 1*

H.119 1* 5 1* NT 1* k 1*

H.122 1* 1* l» NT 1* k 1*

00vow 1* 1* 1* NT 5 k 1*



APPENDIX 12

Skinfold thickness live minus dead site total thickness

Sheep Day 0 1 2 3 1* 5 6 Max:
vali

G. 13 0 c - 1 NT 2 1 0 2

G. 19 0 - 2 0 NT 0 0 0 0

G. 62 0 1 5 NT 2 1 0 5

G. 6k 0 6 5 NT 0 2 0 6

G. 99 0 0 0 NT 2 8 0 8

H. 81* 0 1 2 NT 0 1 0 2

H. 85 0~ 6 10 NT 0 - 1 - 1 10

H. 89 0 - l - 1 NT - 2 0 0 0

H.115 0 C 7 NT 3 6 0 7

G. 38 0 7 21 NT 26 22 22 26

G. 1*0 0 8 9 NT NT 12 12 12

G. 1*3 0 9 25 NT 26 21* 12 26

G. 1*6 0 0 11 NT 13 11 8 13

G. 98 0 3 lit NT 12 8 0 ll*

H. 92 0 6 12 NT ll* 20 16 20

H.101 0 3 12 NT 13 13 7 13

H.lll 0 1* 11 NT 6 6 5 11

H.119 0 6 13 NT 11 13 8 13

H.122 0 6 17 NT 20 16 17 20

K. 68 0 7 lit NT 16 10 12 16

Statistical Analys is

Vaccine Group

X 0 1.89 3.00 NT 0.78 2.00 - 0.11
n 9 9 9 9 9 9
sd 0 3.22 3.9l* 1.56 3.00 0.33
se 0 1.07 1.31 0.52 1.00 0.11
txse 0 2.1*7 3.02 NT 1.20 2.31 0.25
x+tse 1*. 36 6.02 1.98 1*.31 O.lU
x-tse - 0.58 - 0.02 - 0.1*2 - 0.31 - 0.36

Control Group
X 0 5.36 lU. 1*5 NT 15.7 ll*.09 10.82
n 11 11 11 10 11 11
sd 0 2.62 U.78 6.1*8 5.79 6.13
se 0 0.79 1.1*1* 2.05 1.71* 1.85
txse 0 1.76 3.21 NT l*.61t 3.88 1*. 12
x+tse 7.12 17.66 20.31* 17.97 ll*.9l*
x-tse 3.60 11.21* 11.06 10.21 6.70

•t' test NS 2.1*9 5.39 NT 6.1*3 5.30 1* .98

P < NS 0.0005 0.0005 0.0005 0.0005



APPENDIX 12

Skinfold thickness: Dead minus control site total thickness

Vaccine Group

Sheep Day 0 12 3 1* 5 6

G. 13 0 0 2 NT 0 1 0

G. 19 0 2 0 NT 0 0 0

G. 62 0 0 0 NT 0 0 0

G. 61* 0 0 1 NT 1* 1* 0

G. 99 0 2 2 NT 2 - 1 0

H. 8U 0 0 0 NT 1 - 1. 0

H. 85 -0 0 0 NT 0 0 1

H. 89 0 1 1 NT 3 1 0

H.115 0 0 3 NT 0 0 0

Control Group

G. 38 0 1 0 NT 0 0 0

G. 1*0 0 c 0 NT NT 0 0

G. 1*3 0 0 0 NT 0 0 0

G. 1*6 0 0 0 NT 0 0 0

G. 98 0 1 0 NT 0 0 0

H. 92 0 0 0 NT 0 - 2 0

H.101 0 1 0 NT 0 1 0

H.lll 0 0 0 NT 0 0 0

H.119 0 - 1 0 NT 0 0 0

H.122 0 0 0 NT 0 0 0

K. 68 0 1 0 NT - 1 0 0

Statistical analysis

Vaccine Group

X 0 0.56 1.00 NT 1.11 0.1*1* 0.11
n 9 9 9 9 ' 9 9
sd 0 0.88 1.12 1.5l» 1.51 0.33
se 0 0.29 0.37 0.51 0.50 0.11
txse 0 O.67 0.85 NT 1.18 1.15 0.25

>ntrol Group

X 0 0.27 0 NT - 0.1 0.09 0
n 11 11 11 10 11 11
sd 0 0.65 0 0.32 0.70 0
se 0 O.19 0 0.1 0.21 0
txse 0 0.1*2 0 NT 0.23 0.1*7 0

test NS 0.20 0.71 NT 0.1*9 NS NS

NS NS NS



APPENDIX 13 Rectal Temperatures in °C

DAY 0 1 2 3 1* 5 6

G. 13 37.8 38.9 38.1* NT 38.5 38.9 38.8
G. 19 38.1* 38.5 38.0 NT 38.0 38.5 38.1
G. 62 38.0 38.7 38.2 NT 38.7 38.8 38.1
G. 6k 37.8 38.8 38.5 NT 38.5 38.0 38.2
G. 99 39.1* 39.2 37.9 NT 39.3 39.8 38.2
H. 81* 38.1* 38.1* 38.2 NT 38.2 38.3 38.6
'H. 85 38.8 38.8 37.9 NT 38.5 38.8 38.2
H. 89 38.6 39.0 38.1* NT 39.0 38.8 38.8
H.115 38.5 38.8 38.3 NT 39.0 38.8 39.1

Control group

G. 38 38.8 38.8 39.1 NT 39.0 39.2 38.1*
G. to 38.5 38.6 38.7 NT NT 39.3 39.3
G. 1*3 39.0 38.8 38.5 NT 39.9 38.5 38.9
G. to 38.1* 38.9 38.1* NT 38.6 39.0 39.8
G. 98 38.1* 39.1 39.1* NT 1*0.3 1*0.7 39.1*
H. 92 39.1 39.1 39.3 NT 38.2 39.1 39.3
H.101 39.1 38.8 38.8 NT 39.7 39.1 38.8
H .111 39.0 39.5 38.9 NT 39.3 39.2 38.8
H.119 39.0 39.2 38.3 NT 39.8 1*0.6 39.2
H.122 38.9 39.1 38.8 NT 1*0.1 1*0.2 38.2
K. 68 38.2 39.5 39.2 NT 1*0.5 1*0.7 1*0.2

Statistical Analysis

Vaccine group

X 38.1*1 38.79 38.20 NT 38.63 38.71* 38.1*6

n 9 9 9 - 9 9 9

s .d. 0.51 0.2l* 0.22 - 0.1*1 0.50 0.37

s.e. 0.17 0.08 0.07 - O.ll* 0.17 0.12

txse 0.39 0.18 0.16 - 0.32 0.39 0.28

Control group

X 38.76 39.01* 38.85 NT 39.51* 39.60 39.12

n 11 11 .11 - 10 11 11

s .d. 0.33 0.29 0.37 - 0.75 0.79 0.58
s .e. 0.10 0.09 0.11 - 0.21* 0.2l* 0.18

txse 0.23 0.20 0.25 - 0.51* 0.53 o.to

Student's 't* test

0.1*1* 0.1*9 1.08 0.79 0.67 0.70

NS NS NS NS NS NS



APPENDIX ll*

Serological test results - 1) Microtitre Agglutination Test

Samples collected 27/10/75

Vaccine group

G. 13 256 512

G. 19 32 128

G. 62 128 128

G. 6h 256 512

G. 99 32 61*

H. 81* NT 128

H. 85 32 128

H. 89 61* 128

H.115 102U 1021*

Control group

G. 38 16 32

G. 1*0 61* NT

G. 1*3 32 61*

G. 1+6 61* 256
G. 98 32 32

H. 92 61* 256
H.101 32 8

H.lll NT 128

H.119 61* 6U

H.122 32 16

K. 68 32 61*



APPENDIX lU

Serological test results - Microtitre results transformed to - Log^

Samples collected 27/10/75

Vaccine group

G. 13 8
G. 19 5
G. 62 7
G. 6k 8
G. 99 5
H. 81+ NT
H. 85 5
H. 89 6
H.115 10

9 8.5
7 6
7 7
9 8.5
6 5.5
7 7
7 6
7 6.5

10 10

Control group

G. 38 1+ 5 1+.5
G. 1+0 6 NT 6
G. 1+3 5 6 5.5
G. 1+6 6 8 7
G. 98 5 5 5
H. 92 6 8 7
H.101 5 3 1+
H.lll NT 7 7
H.119 6 6 6
H.122 5 1+ 1+.5
K. 68 5 6 5.5

Statistical analysis

Vaccine group Control group

X 7.21+ 5.55

11 17 20

s .d. 1.60 1.23

s.e. 0.39 0.28

t 2.120 2.093

t x se 0.83 0.59 .

Students' 't' test (unpaired case t = 3.6 for 35

degrees of freedom f <0.2 %



APPENDIX 1U

Serological test results - 2) Growth inhibition test

Samples collected 27/10/75

Vaccine group
HW KW HW KW

G. 13 10 5 10 0.5
G. 19 7 5 10 5
G. 62 5 1 10 1
G. 6k 7 5 10 5
G. 99 1+0 10 1+0 7
H. 81+ 10 7 7 1
H. 85 7

'

1 7 0.5
H. 89 1+0 5 1+0 7
H.115 20 10 1 0.5

Control group

G. 38 20 10 >1+0 (80)>l+0
G. 1+0 10 5 >1*0 (80)>l+0 (80)
G. 1+3 7 5 10 5
G. 1+6 10 5 5 0.5
G. 98 Uo 20 >1+0 (80) 10
H. 92 1+0 20 7 1
H.101 1+0 20 >1+0 (80) l+o
H.lll 20 7 20 5
H.119 5 1 7

'

l
H.122 >1+0 (80) 20 10 5
K. 68 1+0 7 1+0 7

Statistical Analysis

Vaccine group

Control group

x

n

s .d.

s .e.

x

n

s .d.

s .e.

HW

15.61
18

13.90

3.28

32.23

22

28.7
6.16

KW

5.61
18

5.7>+

1.35

lit. 30

22

18.52

3.95

Students 't' test 2.15

NS

1.9

NS



APPENDIX lit

Serological test results: 3) Counter Immuno Electrophoresis and

1+) Agar Gel Immuno Diffusion

Samples collected 27/10/75

Vaccine group

G. 13

G. 19

G. 62

G. 6b

G. 99

H. 81+

H. 85
H. 89
H. 115

Control group

G. 38

G. 1+0

G. 1+3

G. 1+6

G. 98
H. 92

H.101

H.lll

H.119

H.122

K. 68



APPENDIX 15

Skinfold thickness measurements in millimetres

Right leg Left leg

Ewe Day Dead Live Live Dead

G72 0 2 2 2 2
1 3 3 3 2
2 2 3 It 2
3 U 1» 5 3
U 3 k It 2

5 3 6 1» 3
6 3 3 3 3

K33 0 2
1 3
2 2
3 3
U 3
5 3
6 2

K60 0 2
1 U
2 3
3 3
k 2
5 2
6 2

2 2 2
3 3

6 k 2
U 5 3
k 5 2
6 5 2
h k 3

2 2 2
3 2 2
6 U 3
6 6 2

5 U 2
3 3 2
3 k 2

K115

Ll6l

H32

0 2 2 2 2
1 3 U h 3
2 2 5 5 3
3 3 6 5 2
1* 2 6 5 2
5 3 6 5 2
6 2 U U 2

0 2 2 2 2
1

. 5 5 6
2 2 9 8 2
3 2 9 10 2
k 2 9 9 2
5 2 8 10 2
6 2 8 h 3

0 2 2 2 2
1 k 3 2 U
2 NT NT NT NT
3 u U 3
U 2 3 2 2
5 2 2 2 2
6 2

. 3 3 2
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APPENDIX 15

continued

Right leg Left leg

Ewe Day Dead Live Live Dead

K35 0 2 2 2 2
1 k 3 5 5
2 3 U 3 k
3 U U 3 3

2 3 2 2
5 2k 22
6 2 3 3 3



3
3
U
3
3
It

2
5
7
7
3
5
It

2
3
2
It
2
2
2

2
6
6
5
5
It
IT

2
It
5
It
It
2
2

2
6
6
It
6
3
3

2

7
2
6
it
2

12

continued

Right leg Left

Day Dead Live Live

0 2 2 2

1 It 6 6
2 3 5 5
3 It 2 3
It 2 3 6
5 3 3 3
6 3 It It

0 2 2 2

1 8 8 8
2 6 10 8
3 It 7 6
It . It 6 6
5 It 6 5
6 3 6 5

0 2 • 2 2

1 3 5 It
2 3 5 It
3 It 5 5
It 2 It It
5 2 It It
6 2 It 3

0 2 2 2
1 6 l6 7
2 7 12 7
3 It 11 8
It 3 11 6
5 2 11 5
6 NT NT NT

0 2 2 2

1 It 6 It
2 It 6 It
3 It 5 It
It It It It
5 2 It It
6 2 It 2

0 2 2 2

1 . 8 8 6
2 6 7 6
3 It 6 It
It It 6 5
5 3 5 5
6 It It 3

0 2 2 2

1 6 6 6
2 It 8 6
3 6 5 6
It it 5 5
5 it 6 5
6 3 3 2



2

5
9
8
1*
5
2

2
It
k
u
It
3
2

2
2
It
3
3
It
2

2
It
3
5
3
2
2

2
It
u

It
3
4

2
It
6
5
It
3
3

2

5
5
It
It
2
3

II

continued

Right leg Left

Dajr Dead Live Live

0 2 2 2
X 5 7 7
2 6 8 10
3 7 7 8
It It 6 7
5 2 5 7
6 2 It 5

0 2 2 2
1 It 5 It
2 It 6 It
3 It 6 It
It 3 7 3
5 3 3 3
6 2 2 2

0 2 2 2
1 2 It It
2 It 5 5
3 It It 5
It 3 5 5
5 3 5 3
6 2 It It

0 2 2 2
1 It 5 5
2 It 5 It
3 It 7 6
It 3 6 5
5 It 5 It
6 2 3 2

0 2 2 2
1 It 6 6
2 5 6 6
3
It It 5 5
5 3 5 5
6 It - It It

0 2 2 2
1 6 7 6
2 5 8 6
3 7 7 7
It It 5 5
5 2 3 5
6 3 It 3

0 2 2 2
1 3 8 6
2 5 8 7
3 It 8 8
It It 5 It
5 2 2 It
6 3 3 It



2
5
k
5
in
k
3

2
5
7
5
3
3
3

15

continued

Right leg

Day

0
1
2
3
1»
5
6

Dead

2
U

U
NT
3
2

Live

2

5
5
1>
NT
3
2

0 2 2
16 7
2 7 7
3 6 7
U 6 6
5 3 7
6 U U

Left

Live

2

5
5
5
NT
3
2

2
8
6
U
3
5
3



APPENWX 15

Total increase in Live challenge site skinfold thickness

0 1 2 3 It 5 6

Group

g72 0 2 3 5 It 6 2
k33 0 3 6 5 5 7 It

(1) k6o 0 1 6 8 5 2 3
kl15 0 It 6 7 7 7 It
ll6l 0 5 13 15 lit lit 8

x 0 3.0 6.8 8.0 7.0 7.2 It.2

h32 0 1 NT It T 0 2
ku6 0 3 u 3 0 1 • 3
k62 0 0 6 5 It 1 2

(2) K65 0 13 12 6 It -

. 6
l25 0 2 k It 1 5 2
l1u6 0 5 k 2 6 2 2
l162 0 2 5 6 2 3 It
i© 8 0 5 3 3 5 0 1

x 0 3.9 5.u It .1 2.9 1.6 2.8

h35 0 It 3 3 1 2 2-
h8o 0 6 It It It 2 0
h138 0 6 5 It it 0 0

(3) k83 0 9 5 It It 2 0
li8 0 7 6 3 2 It 0
l31 0 3 5 8 5 It 1
l87 0 7 8 7 it 2 0
li36 0 8 6 1 5 2 It

X 0 6.3 • 5.3 It.3 3.6 2.3 0.9

h30 0 12 lit 9 8 7 7
h77 0 5 5 6 It It 3
H8l 0 19 15 15 13 12 NT
K35 0 6 6 5 It It 2

(u) LU9 0 10 ■ 9 6 7 6 3
l8u 0 8 10 7 6 7 1
m77 0 10 lit 11 9 8 5
Ml?1* 0 5 6 6 6 2 1

X 0 9.u 9.9 8.1 7.1 6.3 3.1

h50 0 It 6 5 6 It It
k73 0 6 5 9 7 5 1
kl51! 0 8 8 NT 6 6 It

(5) l51 0 9 10 10 6 It 3
l59 0 10 11 12 5 2 3
l125 0 6 6 5 NT 2 0
Mllll 0 11 9 7 5 8 3

X 0 7.7 7.9 8.0 5.8 lt.lt 2.6



APPENDIX 15

Dead site total increase in skinfold thickness

0 1 2 3 It 5 6

Group

072 0 1 0 3 1 2 2
K33 0 2 0 2 1 1 1

(1) K60 0 2 2 1 0 0 0
K115 0 2 1 1 0 1 0
Ll6l 0 7 0 0 0 0 1

X 0 2.8 0.6 l.U 0. U 0.8 0.8

H32 0 k NT 3 0 0 0
kU6 0 2 2 1 0 0 0
K62 0 0 3 2 0 1 0

(2) K65 0 10 8 It 0 2 2
L25 0 2 1 2 0 1 0
Lll»6 0 3 1» 0 0 0 0
L162 0 0 1 0 0 0 0
M?8 0 2 2 3 0 0 0

X 0 2.9 2.6 1.9 0 0.5 0.3

H35 0 5 3 3 0 0 1
H80 0 3 2 3 2 ? 0
H138 0 2 It 2 1 0 0

(3) K83 0 3 2 0 0 1 0
Ll8 0 3 It 2 2 2 1
L31 0 0 2 5 2 2 1
L87 0 1 2 5 1 2 0
L136 0 3 2 it 1 2 3

X 0 2.5 2.6 3.0 1.1 1. U 0.6

H30 0 9 9 7 3 5 3
H77 0 2 1 It 0 0 0
H8l 0 8 9 5 It 2 NT
K35 0 k 5 It It 0 0

(U) Lh9 0 10 8 It 6 2 3
L8k 0 9 2 8 It 2 2
M7T 0 6 11 11 It 3 0
KU't 0 It u It 3 2 0

X 0 5.5 6.1 5.9 3.5 2.0 1.1

H50 0 0 It 3 2 3 0
K73 0 k 3 5 2 2 0
K251* 0 it 5 NT It 2 It

(5) L51 0 6 7 8 It ' 1 2
L59 0 h 6 It It 0 2
L125 0 5 It 5 NT 3 1
MllU 0 7 10 7 5 2 3

X 0 U.3 5.6 5.3 3.5 2.2 1.7



APPENDIX 15

Live minus dead skinfold thickness measurement

0 1 2 3 It 5 6

Group

G72 0 1 3 2 3 It
K33 0 1 6 3 It 6
K60 0 - _\ It 7 5 2
KL15 0 2 5 6 7 6
U6l 0 - 2 13 15 lit lit

X 0 0.2 6.2 6.6 6.6 6

H32 0 - 3 NT 1 1 0
Kit6 0 1 2 2 0 1
K62 0 0 3 3 It 0

(2) K65 0 3 It 2 It - 1
L25 0 0 3 2 1 It
UU6 0 2 0 2 6 2
L162 0 2 It 6 2 3
M?8 0 3 1 0 5 0

X 0 1 2.U 2.6 3.3 1.3

H35 0 - 1 0 0 0 2
H80 0 3 2 1 2 0
H138 0 '4 1 2 3 0

(3) K83 0 6 3 It It 1
Ll8 0 It 2 1 0 2
L31 0 3 3 3 3 2
L87 0 b 6 2 3 0
LI 36 0 6 It - 3 It 0

X 0 lt.lt 2.6 1.3 2.It 0.9

H30 0 3 5 2 5 2
H77 0 3 It 2 It It
H8l 0 11 6 10 9 10
K35 0 2 1 1 0 It

(fc) LU9 0 0 1 2 1 it
L8U 0 - 1 8 - 1 2 5
M77 0 It 3 0 5 5
M17U 0 1 2 2 3 0

X 0 2.9 3.It 2.3 3.6 It.3

H50 0 It 2 2 It 1
K73 0 2 2 It 5 3
KL5it 0 It 3 NT 2 It
L51 0 3 3 2 2 3
L59 0 6 5 8 1 2
L125 0 1 2 0 NT - 1
Mlllt 0 It - 1 0 0 6

X 0 3.It 2.3 2.7 2.3 2.6



APPENDIX 15

Live minus dead skinfold measurements - Statistical analysis

0 1 2 3 U 5 6

Group

Control X 0 0.2 6.2 6.6 6.6 6.U 3.1»

(1)
n 5 5 5 5 5 5

sd 1.6 U.O 5.1 h.h U.6 2.5

se 0.73 1.8 2.28 1.96 2.01* 1.12

Comm X 0 1.0 2.h 2.3 2.9 1.1 l.U

(2)
n 8 7 8 8 8 8

sd 2.0 1.5 1.8 2.2 1.7 1.8

se 0.71 0.57 0.62 0.77 0.61 0.65

A1 X 0 3-9 2.6 1.3 2.k 0.9 0.3

n 8 8 8 8 8 8
(3) sd 2.k 1.8 2.12 1.0 1.0 0.5

se 0.83 0.65 0.75 0.35 0.35 0.l6

WO X 0 2.9 3.8 2.3 3.6 u-3 2.0

(U) n 8 8 8 8 8 7

sd 3.7 2.5 3.3 2.8 2.9 2.2

se 1.30 0.88 1.18 1.0 1.01 0.82

wow X 0 3A 2.3 2.7 2.3 2.6 0.9

(5)
n 7 7 6 6 7 7

sd 1.6 1.8 3.01 1.9 2.2 1.6

se 0.6l 0.68 1.23 0.76 0.8U 0.59



APPENDIX 16 Rectal Temperatures in °C

0 1 2 3 U 5 6

G72 39.1 38.7 38.2 39.0 39.1 38.8 39.2
K33 39.8 39.1 39.1 39.5 39.2 39.2 39.2
K60 NT 38.3 38.5 38.8 39.lt lt0.3 38.9
K115 39.lt 38.lt 38.5 39.0 39.0 39.0 38.8
U6l 39.8 39.3 38.5 ItO.O lt0.2 ItO.l 39.6

X 39.53 38.76 38.56 39.26 39.38 39.1+8 39. lit

H32 38.9 38.5 NT 38.8 39.lt 39.0 39.0
KU6 39.1 38.6 38.7 39.2 39.1 39.0 39.0
K62 39.lt 38.6 38.6 ItO.O 39.3 39.2 39.6
K65 39.6 39.lt 38.7 38.6 39.0 39.2 39.lt
L25 39.8 38.5 38.9 39.1 39.3 38.9 38.9
L1U6 39.0 38.6 38.5 38.9 39.2 39.0 39-1
Ll62 39.3 39.1 39.3 39.6 39.9 39.2 39.lt
m8 39.9 38.7 39.3 38.9 38.9 39.2 39.3

X 39.38 38.75 38.86 39. lit 39.26 39.09 39.21

K35 38.7 39.1 38.5 39.2 39.1 39.2 39.1
H80 39.9 39.3 38.5 38.9 39.1 39.2 38.9
H138 38.9 38.9 38.5 38.9 39.1 38.9 38.8
K83 39.1 38.9 38.7 38.9 38.5 39.2 38.9
LI8 39.1 38.9 39.1 39.1 38.9 38.9 39.3
L31 38.6 38.1 38.3 38.9 39.2 38.8 38.8
L87 39.9 38.9 38.7 39.lt 39.lt 39-1 39.lt
1136 39.3 38.6 38.7 39.2 39.0 39.lt 39.0

X 39.19 38.81* 38.63 39.06 39-Olt 39.08 39.03

H30 39.7 39.3 38.7 38.3 39.1 39.3 39.1
H77 39.7 39.3 38.7 39.6 39.0 39.1 39.5
H8l 39.0 39.3 38.7 38.1 39.0 39-1 NT

K35 39.2 39.1 38.5 39.lt 39.1 39.1 39.1
Llt9 39.1 38.9 39.1 39.lt 38.9 38.9 39.2
L81+ 38.8 38.5 38.7 39.2 38.9 39.2 39.2
M77 NT ItO.l 38.3 39.3 39.3 38.9 39.1
M17lt 39.3 38.9 38.7 39.3 39.0 38.8 38.9

X 39.28 39.18 38.68 39.08 39.Olt 39.05 39.13

H50 38.It 38.2 38.7 38.8 39.0 39.3 39.1
K73 39.7 39.1 39.3 39.8 39.1 39.3 39.3
K15lt 39.1 38.8 38.8 NT 39.1 39.o 39.1
L51 ItO.l 39-1 38.7 39.7 39.lt 39.8 39.2
L59 39.7 39.0 38.9 39.lt 39.lt 38.9 39.3
L125 39.5 38.9 39.5 39.8 39.6 39.2 39.3
milt 39.2 38.7 38.9 39.lt 39.1 39-lt 39.2

X 39.39 38.83 38.97 39.1*8 39.21* 39.27 39.21



APPENDIX 17 Analysis of variance tables

Dead site

Day 0 All values 0

Day 1 SSq df MS

Between groups 85.21 1* 21.3 VR = 3.32

Within groups 199.11 31 6.1*2

Total 28U.31 35 P < 5*

Day 2 SSq df M3

Between groups 131.95 1* 32.99 VR = 5.77

Within groups 171.65 30 5.72

Total 303.60 3U P < 1%

Day 3 SSq df M3

Between groups 110.30 1* 27.58 VR = 7.93

Within groups 10U.27 30 3.1*8

Total 211*.57 3l» P < 1:%

Day 1* SSq df te

Between groups 80.36 1* 20.09 VR = 17.78

Within groups 32.70 29 1.13

Total 113.06 33 P < 1?

Day 5 SSq df he

Between groups lit.67 1* 3.67 VR = 3.28

Within groups 33.50 30 1.12

Total 1*8.17 31* P < 5%

Day 6 SSq df MS

Between groups 9.08 1* 2.27 VR = 1.68

Within groups 1*0.06 30 1.35

Total 1*9.51* 3U



APPENDIX IT

Analys is of variance. Live minus dead skinfold thickness

Day 0 All values 0

Day 1 SSq df MS

Between groups 63.67 1* 15.92 VR = 2.6687

Within groups 18U.89 31 5.96

Total 21*8.56 35

Day 2 SSq df MS

Between groups 59.83 1* lU.96 VR = 2.71*71*

Within groups 163.32 30 5.W<

Total 223.15 3U P < 5%

Day 3 SSq df MS

Between groups 88.87 1* 22.22 VR = 2.6272

Within groups 2U5.25 29 8.1*6

Total 331*. 12 33

Day 1* SSq df MS

Between groups 69.05 1* 17.26 VR s 2.3913

Within groups 209.31* 29 7.22

Total 278.39 33

Day 5 SSq df MS

Between groups 137.96 1* 3k.kg VR = 5.1*332
Within groups 196.79 31 6.35

Total 33U.75 35 P < 1?

Day 6 SSq df MS

Between groups 38.72 1* 9.68 VR = 3.1*9

Within groups 80.31* 29 2.77

Total 119.06 33 P < 5%



APPENDIX 18

Serological test results - Microtitre agglutination test

(Tested in duplicate)

Samples collected 19/12/71*

Sheep NFl+El CIX CN33>+2

G.13 256 128 61+ 61+ 32 61+
G.19 32 32 61+ 32 32 16
G.62 16 16 32 16 32 16
a.6k 128 61+ 61+ 32 16 128
G.96 NT NT NT NT NT NT
G.99 16 16 16 16 16 32
H.81+ 32 16 16 32 16 32
H.85 8 16 16 16 16 32
H.89 32 16 32 32 16 16
H.115 32 61+ 61+ 256 16 32

Samples collected 1+8 hours post partum

G.13 32 32 32 32 32 61+
G.19 16 8 16 16 16 16
G.62 32 8 16 8 16 8
G.6U 128 128 61+ 32 61+ 128
G.96 16 16 16 16 32 32
G.99 16 8 8 1+ 16 8
H.81+ 32 32 32 16 61+ 32
H.85 32 16 32 32 32 32
H.89 6k 128 32 32 61+ 61+
H.115 6k 32 32 61+ 61+ 128

Samples collected ll/T/75

G.13 61+ 32 61+ 16 32 16
G.19 32 16 61+ 16 16 16
G.62 32 32 16 16 16 16
G.6U 128 256 128 32 61+ 32
G.96 16 16 16 16 32 32
G.99 61+ 16 32 16 16 ' 16
H.81+ 32 1+ 61+ 8 32 8
H.85 16 8 16 8 16 32
H.89 61+ 61+ 32 32 61+ 61+
H.115 16 61+ 61+ 128 32 32

Samples collected 23/7/75

G.13 32 61+ 32 32 32 32
G.19 256 32 128 8 6H 61+
G.62 128 61+ 61+ 16 32 61+
G.6U 512 128 61+ 32 512 61+
G.96 61+ 61+ 16 16 61+ 128
G.99 16 32 61+ 8 32 16
H.81+ 256 32 128 32 61+ 128
H.85 16 8 16 8 16 16
H.89 61+ 128 32 32 6k 128
H.115 128 128 256 128 256 256

Samples collected 29/T/75

G.13 6U 32 32 32 32 32
G.19 512 128 128 61+ 256 512
G.62 61+ 61+ 32 16 16 32
G.61+ 512 61+ 128 16 256 6U
G.96 61+ 128 32 16 128 128
G.99 32 32 32 16 32 61+
H.81+ 61+ 61+ 128 61+ 256 128
H.85 16 8 32 8 16 32
H.89 256 61+ 61+ 32 32 256
H.115 128 128 128 32 512 6U



APPENDIX 18
Serological test results - Microtitres transformed

to - lORp

Sheep NFUE1 CIX CN33l*2

Samples collected 19/12/71*
G.13 8 7 6 6 5 6
G.19 5 5 6 5 5 It
G.62 It 1* 5 1* 5 It
G.6U 7 6 6 5 It 7
G.96 NT NT NT NT NT NT

G.99 1* 1* 1* 1* It 5
H.8U 5 1* 1* 5 It 5
H.85 3 1* 1* 1* U 5
H.89 5 1* 5 5 It It
H.115 5 6 6 8 It 5

Samples collected 1*8 hours post partum

G.13 5 5 5 5 5 6
G.19 l* 3 1* 1* it It
G.62 5 3 1* 3 1* 3
G.6U 7 7 NT 5 6 7
G.96 l* 1* 1* 1* 5 5
G.99 1* 3 3 2 It 3
H.8U 5 5 5 1* 6 5
H.85 5 1* 5 5 5 5
H.89 6 7 5 5 6 6
H.115 6 5 . 5 6 6 7

Samples collected 11/7/75

G.13 6 5 6 1* 5 It
G.19 5 1* 6 1* It It
G.62 5 5 1* 1* it 4

G.6U 7 8 7 5 6 5
G.96 1* 1* 1* 1* 5 5
G.99 6 1* 5 U It It
H.8U 5 2 6 3 5 3
H.85 1* 3 1* 3 it 5
H.89 6 6 5 5 6 6
H.115 1* 6 6 7 5 5

Samples collected 23/7/75

G.13 5 6 5 5 5 5
G.19 8 5 7 3 6 6
G.62 7 6 6 U 5 It
G.6U 9 7 6 5 9 6
G.96 6 6 1* It 6 7
G.99 1* 5 6 3 5 It
H.8U 8 5 7 5 6 7
H.85 1* 3 1* 3 It It
H.89 6 7 5 5 6 7
H.115 7 7 8 7 8 8

Samples collected 29/7/75

G.13 6 5 5 5 5 5
G.19 9 7 7 6 8 9
G.62 6 6 5 It It 5
G.6U 9 6 7 It 8 6
G.96 6 7 5 It 7 7
G.99 5 5 5 It 5 6
H.81* 6 6 7 6 8 7
H.85 1* 3 5 3 U 5
H.89 8 6 6 5 5 8
H.115 7 7 7 5 8 6



APPENDIX 20

E = Erythema at injection
site.

Right Left

Day Lamb No. T°C Dead Live Live Dead

0 g2 lt0.2 2 2 2 2

G3 lt0.2 1 2 2 1

GU 39.b 1 1 1 1

G5 39.b 1 1 1 1

G6 39.3 1 2 2 1

G7 39.b 2 2 2 2

g8 39.9 O
c. 2 2 2

G9 39.9 2 2 2 2

1 G2 39.9 2E ItE 2E 2E

G3 ltO.l 1 3E 2E 2

Git U0.8 IE 8e 6E 2 7 Stiff

G5 lti.3 2E 8e 5E 2 Stiff

G6 39.1* 2 ItE (30x30) ItE (20x20) 2

G7 ItO.l 2 2 2 2 Stiff

G8 39.9 2 2 2 2e E very small area

G9 lt0.2 2 2 2E E very small area

2 G2 ItO.l 2 ItE(ltOxltO) 3E(diffuse)2 E discrete Rt. leg only

G3 ltO.lt 1 6E(30x30) 5E(20x20) 2 E discrete

Git lto.3 2 ltE(55xltO) ItE 2 E discrete Rt. leg only

G5 39.9 2 ltE( 35x35) ItE (30x30) 2 Not stiff

G6 39.8 2 6e 7E 2

G7 ltO.3 2 8E(20x20) 2 2 E (diamond shaped)
G8 lt0.8 2 2 2 2

G9 ltO. 8 2 2 2 2

3 G2 lt0.2 2 llE(50xltO) ItE (30x30) 2 E diffuse

G3 lt0.2 2 8E 6e 2 e diffuse

Git lt0.7 2 ItE (60xlt0) 1iE( 50x30) 2

G5 ItO.O 2 8e 6e 2

G6 ltO.lt 2 7e(60x6o) 6e (ItOxltO) 2 Ring of E with white centre
G7 ltl.1 2 8e( UOxltO) 2 2 E diffuse beyong centre'
G8 lt0.3 2 2 2 2

G9 ltO.3 2 2 2 2

k G2 lt0.2 2 ItE (80x80) ltE(ltOxltO) 2 e diffuse

G3 ltl.7 2 8e 8E 2 E diffuse

Git ltl.3 2 ItE ItE 2 e v diffuse

G5 lt0.6 2 12E(70x70) 10E(50x50) 2

G6 ltl.1 2 6e 5E 2 E diffuse lame Rt. Hind

G7 ltl.6 2 6e 2 2 e diffuse

G8 1|0.2 2 2 2 2

G9 lt0.7 2 2 2 2



appendix 20

Day

5

Antibiotic

Lamb No.

G2

G3

Git

G5

g6

G7

G8

G9

t°c
ltO.7
1+1.6

1+1.1

1+1.8

Ul.5
1+1.2

1+0.2

1+0.2

Right
Dead Live

Left •

Live Dead

1+e

8e

1+(e)
8e

1+e

5e

2

2

5e

6e

3(E)
6e

1+e

2

2

2

e diffuse whole media thigh

e reduced, diffuse
e diffuse

e diffuse v lame Rt. hind

e v diffuse

6 G2 1+0.7 2 1+e 5e 2 e diffuse, patchy

G3 39.8 2 5(e) Me) 2 e reduced

Gl+ 39.9 2 3(e) 3(e) 2 e reduced, diffuse
G5 1+1.2 2 6e 6e 2 e reduced

Antibiotic g6 39.1 2 Me) 3(e) 2 e diffuse, still lame

07 1+2.0 2 3e 2 2 e reduced? stiff

G8 1+0.2 2 2 2 2

G9 1+0.2 2 2 2 2

7 g2 1+0.1+ 2 3(e) Me) 2 e reduced

g3 1+0.1+ 2 6e 1+e 2 e diffuse

Gl+ 39.7 2 3(e) 3(e) 2 e almost gone

g5 1+0.1+ 2 8e 1+e 2 E reduced, diffuse
Antibiotic G6 1+0.0 2 2 3 2 E gone, still lame

g7 1+1.1 2 3(e) 2 2 E reduced, lame Rt hind

8 G2 1+0.1 2 2 2 2 E slight, diffuse
G3 1+0.6 2 3(E) 3(E) 2 E almost gone

Gl+ 39.1+ 2 3 2 2 E gone

G5 1+0.0 2 1+ 3 2 E gone

G6 39.1+ 2 3 2 2 E gone, slightly lame

G7 1+1.1 2
. 3 2 2 E gone, stiff both hind

9 : G2 39.6 2 2 2 2 E gone

G3 1+0.1 2 1+ 3 2 E gone

Gl+ 39.7 2 2 2 2 E gone, lame not scad

G5 39.6 2 Me) 2 2 E almost gone

Antibiotic G7 1+0.2 2 2 2 2 Lame Rt hind

10 G2 39.!» 2 2 2 2 Recovered

G3 39.9 2 2 2 2

Antibiotic G7 39.9 2 2 2 2 V lame, both hind



APPEHDIX 20
Skinfold thickness measurements in millimetres

and rectal temperatures in °C E = Erythema at injection site

T°C
Right Left

Day Lamb Ho. Dead Live Live Dead

0 B1 ItO.l 1 1 1 1

B2 Uo.o 1 1 1 1

B3 ltO.l 2 2 2 2

Bit 39.8 1 1 1 1

B5 lt0.3 1 1 1 1

B6 39.7 2 2 2 2

B7 lt0.3 2 2 2 2

1 B1 NT NT NT NT NT

B2 lt0.2 3E 2E 2E 2E

B3 lt0.3 2 2 2 2

BU lt0.2 2E 1
, 2 2

B5 ltO.9 2 1 1 1

B6 39.9 2(E) 2 2(E) 2 (E) £e very

B7 lt0.2 2(E) 2 2 2 (E) [ area

2 B1 NT NT NT NT NT

B2 39.2 2 2 2 1

B3 39.7 3E 2 3 3E

Bit lt0.2 1 1 1 1

B5 lt0.3 1 1 1 1

B6 lt0.3 2 2 2 2

B7 lt0.7 2 2 2 2

3 B1 NT NT NT NT NT

B2 ItO.O 2 2 2 2

B3 ItO.O 2 2 2 2

Bit lt0.2 2 2 2 2

B5 ItO.l 2 2 2 2

B6 39.6 2 2 2 2

B7 ItO.l 2 2 2 2

k B1 39.2 1 1 1 1

B2 39.9 2 2 2 2

B3 lf0.3 2 2 2 2

Bit ItO.l 2 2 2 2

B5 39.1 2 2 2 2

b6 ItO.O 2 2 2 2

B7 39.8 2 2 2 2



APPENDIX 20

Right Left

Day Lamb No T°C Dead Live Live Dead

b1 39. V 1 1 1 1

b2 i»0.1 2 2 2 2

b3 u0.2 2 2 2 2

bu U0.1» 2 2 2 2

b5 u0.2 2 2 2 2

b6 Uo.o 2 2 2 2

b7 U0.3 2 2 2 2

b1 U0.7 i 1 1 1

b2 39.9 2 2 2 2

b3 39.8 2 2 2 2

bu 1»0.0 2 2 2 2

b5 Uo.l 2 2 2 2

b6 hO.O 2 2 2 2

b7 U0.3 2 2 2 2



APPENDIX 20

Skinfold thickness measurements in millimetres. Dead site total (not increase)

Day 0 1 2 3 It 5 6 7 8 9 10

G2 k It ' It It It It It It It It It

G3 2 3 3 It It It It It It U It

GU 2 3 It It It It It It It It -

G5 2 k It It It It It It It It -

G6 2 It It It It It It It It - -

GT k It It It It It It It It It It

G8 h It It !t It It It - - - -

G9 It It It It It It It - - - -

Live site total (not increase)
G2 h 6 7 8 8 9 9 7 It It It

G3 k 5 11 lU l6 lit 9 10 6 7 It

GU 2 lit 8 8 8 7 6 6 5 It

G5 2 13 8 lit 22 lit 12 12 7 6

G6 It ' 8 13 13 11 8* 7 6 5

G7 It It 10 10 8
'

7 5 5 5 It* It

G8 u . It It It It It It - - - -

G9 It It It It It It It - - - -

Live minus dead (increase)
G2 0 2 3 U It 5 5 3 0 0 0

G3 -2 2 8 10 12 10 5 6 2 3 0

GU 0 11 It It It 3 2 2 1 0 -

G5 0 9 It 10 18 10 8 8 3 2 -

G6 2 8 9 9 7 It 3 2 1 - -

GT 0 0 6 6 It 3 1 1' 1 0 0

G8 0 0 0 0 0 0 0 - - - -

G9 0 0 0 0 0 0 0 - - - -

X 0 5.33 5.67 7.17 8.17 5.83 It.00 3.67 1.33 1.0
except

ItG8.G9 5 5 5 5 5 5 5 5 5

sd U.55 2.U2 2.9U 5.Tit 3.31 2.53 2.73 1.03 * l.ltl

se 1.86 0.99 1.20 2.3>t 1.35 1.03 1.12 0.1t2 0.63

t value 2.571 2.571 2.571 2.571 2.571 2.571 2.571 2.571 2.776
tse It.78 2.55 3.09 6.02 3.1t7 2.65 2.88 1.08 1.62



APPENDIX 20

Skinfold thickness measurements in millimetres. Dead site total (not increase)

Day 0 1 2 3 It 5 6

b1 2 NT NT NT 2 2 2

b2 2 5 k u It it it

b3 k it 6 It It It it

bu 2 It 2 It It it It

b5 2 3 2 It It it It

b6 u It It It it it It

b7 It h k It it it It

Live site total thickness (not increase)
b1 2 NT NT NT 2 2 2

b2 2 It V It it it It

b3 It It 5 It it it It

bu 2 3 2 It it It It

b5 2 2 2 It it It It

b6 l» It u it it It

BT It It It it it It

Live minus dead (increase )
b1 0 NT NT NT 0 0 0

b2 0 -1 0 0 0 0 0

b3 0 0 -1 0 0 0 0

Bk 0 -1 0 0 0 0 0

b5 0 1 0 0 0 0 0

b6 0 0 0 0 0 0 0

b7 0 0 0 0 0 0 0

0 -0.25 -0.25 0 0 0 0

sd 0.95 0.50 0 0 0 0

se 0.u8 0.25 0 0 0 0



APPENDIX 20

SPRING 1976 Vacc/Skin Inj Experiment - Rectal temperatures °C
I

Control lambs (Green Nos)
Range

X s .d. 2s. d. n Standard error x ± s.e.

Day 0 39.65 0.1*3 0.86 6 0.18 39.83 - 39.1*7
1 1*0.35 0.68 1.37 6 0.28 1*0.63 - 1*0.07
2 1*0.13 0.2l* 0.1*8 6 0.10 1*0.23 - 1*0.03

3 1*0.1*3 0.1*0 0.80 6 0.16 1*0.59 - 1*0.27
1* 1*1.08 0.58 1.16 6 0.21* 1*1.32 - 1*0.81*

5 1*1.32 0.39 O.78 6 0.16 1*1.1*8 - 1*1.16

6 1*0.72 0.92 1.81* 5 0.1*1 1*1.13 - 1*0.31

7 1*0.1*0 0.1*9 O.98 5 0.22 1*0.62 - 1*0.18

8 1*0.21* 0.61+ 1.28 5 0.29 1*0.53 - 39.95

9 39.81* 0.29 0.58 5 0.13 39.97 - 39 . 71

10 39.65 0.35 0.70 5 0.25 39.90 - 39.1*0

Principals (Black Nos)

Day 0 1*0.06 0.18 0.36 5 0.08 1*0.ll* - 39.98
1 1*0.1*0 0.31* 0.68 1* 0.17 1*0.57 - 1*0.23
2 39.85 0.51 1.02 1* 0.26 1*0.11 - 39.59

3 1*0.08 0.10 0.20 1* 0.05 1*0.13 - 1*0.03
1* 39.72 0.51+ 1.08 5 0.21* 39.96 - 39-1*8
5 1*0.06 0.38 O.7I* 5 0.17 1*0.23 - 39 . 89

6 1*0.10 0.35 0.7 5 0.16 1*0.26 - 39.91*



APPENDIX 21

Details of individual lambs -used in Experiment 7

Lamb No. Dam No. Sex Date of Birth Challenge

Black 2 H93 Female 19 A/76 27/4/76

Black 3 G39 Male 21/4/76 29/4/76

Black 4 H95 Female 25A/76 3/5/76

B1ack 5 H95 Wether 25/4/76 3/5/76

Black 6 K17 Male 8/5/76 16/5/76

Black 7 K17 Female 8/5/76 16/5/76

Green 2 G3 Female 19/4/76 27/4/76

Green 3 H59 Female 25/4/76 3/5/76'

Green 4 G47 Male 27/4/76 5/5/76

Green 5 K23 Male 27/4/76 5/5/76

Green 6 Ml44 Female 28/4/76 6/5/76

Green 7 M85 Male 29/4/76 7/5/76

Green 8 Cheviot Female 8/5/76 16/5/76

Green 9 Cheviot Female 8/5/76 16/5/76


