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ABSTRACT.

Badger tuberculosis is endemic in some areas of Britain 
and Ireland and its transmission to cattle is established.

Since 1975 control of the disease has relied on culling 
badgers, many of which were not tuberculous. This has 
proven to be unacceptable both on economic and conservation 
grounds.

Previous studies of badgers vaccinated with Bacille 
Calmette Guerin (BCG) and then challenged with bovine 
tubercle bacilli (BTB) have suggested that the badger 
immune response is capable of stimulation by vaccine. As 
BCG vaccine can not be used in the wild, the aim of the 
work for this thesis was to develop an alternative, but 
still protective vaccine. It should be acceptable to the 
badger when administered orally and safe in large doses. 
Its potential consumption by cattle should not interfere 
with the skin test used to diagnose tuberculosis.

The introductory chapters describe the problem and 
management of tuberculosis in cattle and badgers. Human 
infection with bovine tuberculosis is also addressed. How 
the biology, ecology and behaviour of the badger may 
influence vaccination is discussed. Current knowledge of 
the badger immune response is reviewed and potential 
vaccines described.

The following nine chapters describe the experimental
work. Captive badgers in a colony were vaccinated with
various mycobacterial preparations and challenged with
virulent BTB. Their immune responses both vaccination
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and infection were assessed by Enzyme Linked Immunosorbent 
Assay (ELISA) and the lymphocyte transformation test (LTT). 
Clinical examination and bacteriological sampling were 
performed regularly and excretion of BTB monitored. Two 
years after vaccination, autopsy of badgers was performed. 
From this study and one similarly performed in guinea pigs, 
an oral preparation made from killed Mycobacterium vaccae 
was selected as a vaccine.

Badgers and cattle share the same feeding grounds and 
it was paramount that the vaccine should not influence skin 
test responses to bovine or avian Purified protein 
derivative (PPD) either in tuberculous or non-tuberculous 
cattle. Studies in England and in Eire have shown that, 
even after massive doses of vaccine, the skin test remains 
unaffected.

As badgers may eat the vaccine in overdose, 
inappropriate priming of the immune response was 
investigated. Up to 200 vaccine doses had no harmful 
influence on subsequent responses to BCG.

The way that M.vaccae is killed and, to some degree, 
the vehicle in which it is presented, may influence 
immunising abilities. Bacilli were found to be more 
immunogenic when autoclaved than when killed by gamma 
irradiation. Emulsion may also have been superior to 
suspension in water, when used as a vehicle for 
vaccination.

A simple method of manufacture is described, producing
a vaccine which was acceptable to wild badgers. Eating more
than one vaccine dose was not toxic, as demonstrated in
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guinea pigs, mice, cattle and badgers, sometimes using up 
to 200 doses.

Two additional studies were performed. First, the * 
humoral antibody response of the wild badger was examined 
and found to be influenced by age, infection and contact 
with environmental mycobacteria. Second, a glycosylation 
change in the immunoglobulin G (IgG) molecule, previously 
found in humans, also occurred in the badger and was 
influenced by age and tuberculosis.

A five year field study of the vaccine - "Badge Vac", 
is in progress in Eire. This is the first attempt to 
vaccinate a population of badgers in their natural 
environment. Preliminary observations indicate that this is 
relatively easy.
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CHAPTER ONE.
BOVINE TUBERCULOSIS - CATTLE. MAN AND THE BADGER.

1.1. Bovine tuberculosis - its effects on man and cattle.
Implication of the badger.

Bovine tuberculosis is thought to have existed since 
Babylonian times (Burke, 1955) but was probably brought to 
Britain by Roman cattle. This disease is of great economic 
importance to the farming industry but is also a cause of 
morbidity and mortality in man.

Disease transmission to man through food was first 
advanced by Behrend, with milk as the main vehicle 
(Behrend, 1893). The first legislative attempt to control 
the sanitary quality of milk in Britain was made by the 
Ministry of Agriculture and Fisheries in 1926. Although the 
resulting "Milk and Dairy Order" greatly improved the 
quality of milk, up to 2,000 people died in Britain each 
year from bovine tuberculosis (Francis, 1947). In response 
to this, the Ministry introduced the "Attested Herds 
Scheme" in 1935 which offered the use of the diagnostic 
tuberculin test. Any cattle found to be positive on 
testing were slaughtered (Evans and Thompson, 1980), and by 
the end of 1935, 99 herds had been attested with over
22,000 cattle slaughtered. Three years later, 4,500 herds 
were certified as free from tuberculosis. The scheme was 
later made compulsory and the incidence of abdominal 
tuberculosis started to fall dramatically (table 1.1.).

25



1921 1953
London 136 1
County Boroughs 437 1
Urban Districts 336 2
Rural Districts 252 8

Table 1.1. Rates/million of the human population with 
abdominal tuberculosis. (Ministry of Health, 
1955).

By 1960 all herds in Great Britain had been attested and 
a year later the annual tuberculin test revealed a reactor 
rate of only 0.16%, which had been reduced 4 years later to 
0.05% (Evans and Thompson, 1980). Although the incidence 
of bovine tuberculosis in humans had been greatly lessened, 
the reactor rates described excluded the south-west of 
England, which experienced a reactor rate of 0.12% in 1960 
falling only to 0.07% five years later (MAFF, 1984). 
Furthermore in localised areas the incidence of bovine 
tuberculosis in cattle was 5-10 times higher than in the 
rest of Britain. Until 1970 transmission of bovine 
tuberculosis was thought to be by intra-herd spread, 
although this premise did not explain why the south-west 
should be such a problem area. In 1970, MAFF recommended 
that wildlife in this area should be surveyed for infection 
with bovine tuberculosis. Three months into the study, a 
farmer whose herd had recently become infected with 
tuberculosis reported a dead badger on his Gloucestershire 
farm. Autopsy revealed lesions typical of tuberculosis, 
from which BTB were isolated. (Muirhead et al.. 1974; Neal,
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1978? Evans and Thompson, 1980). Following this finding and 
the results of the survey, MAFF concluded that only the 
badger was a significant host of tuberculosis.

The badger was now strongly implicated in the bovine 
tuberculosis problem, and become the subject of 
controversial debate.

1.2. Management of the tuberculosis problem in cattle.
Although a wild reservoir sustaining infection in

south-western cattle was now presumed discovered, the
epidemiology of badger tuberculosis was not understood and
measures previously taken to prevent infection of cattle
continued. Diagnosis of tuberculosis in cattle is made by
the "tuberculin skin test". The first of these tests was
performed in the late nineteenth century involving the
subcutaneous injection of Koch's Old tuberculin, made from
M .tuberculosis. This method was laborious, relying on a
change in the bovine temperature following administration.
New tuberculin replaced Old tuberculin in 1899, a more pure
product, which increased sensitivity. The double
intradermal test was introduced in 1928 and in 1940, the
addition of tuberculin made from M.avium gave a total of
three reaction sites. The second human tuberculin
injection was excluded in 1947. In 1975, PPD made from
M .tuberculosis was replaced by that made from BTB. Although
no more sensitive, it was more specific, especially in
cases of infection with M .paratuberculosis (Lesslie et al.
1975). Tuberculin skin testing of cattle has limitations,
not becoming positive until 2-4 weeks after infection and
sometimes becoming negative in advanced stages of

27



pregnancy, tuberculosis or intercurrent infection. 
Tuberculous badgers therefore continue to present a danger 
to cattle, whose infection may only be diagnosed with the 
aid of an imperfect test.

The feasibility of bovine vaccination has been 
investigated. In 1902, Von Behring, attempted for the first 
time to vaccinate cattle against tuberculosis, giving 2 
injections of dried live M. tuberculosis, with appreciable 
resultant resistance. However, as bacilli remained alive 
for up to 2 years, often settling in the udder and leading 
to infected milk, this form of vaccination was never 
acceptable. Vaccination using other species of mycobacteria 
has also been attempted, with for example, M.avium 
(McFadyean, 1913, cited in Weiss, 1959).

Meanwhile, Calmette and Guerin had been culturing BTB 
for many years on potato treated with glycerin and ox bile 
and this had led to avirulence. Injection of this vaccine 
interfered with the tuberculin test although this did not 
occur when bile was excluded from the growth medium. Their 
vaccine, "Bacille Calmette Guerin” or BCG, led to 
protection against subsequent intravenous challenge with 
BTB (Calmette and Guerin, 1908). BCG vaccination of cattle 
proved to be very successful for other workers although 
revaccination was not so effective (MRC, 1930; Irvine, 
1949).

In 1935, in Northern Ireland, use of the Spahlinger
vaccine led to a striking survival rate of vaccinated
cattle, but as both the Agricultural and Medical Research
Councils extensively criticised this work, its use was
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deferred and no report published (ARC and MRC, 1935).
Despite the promising results of vaccination trials/ 

the International Organisation concerned with livestock 
disease and the World Health Authority, advised against 
vaccination of cattle against tuberculosis. Its use within 
the European community, they said, was incompatible with 
rules agreed by the member states governing the intra
community trade in livestock. As other methods of 
controlling tuberculosis by diagnosis had been 
unsuccessful, eradication had therefore to be based on the 
tuberculin test,and slaughter of reactors.

Several ways of attempting to solve the problem of 
tuberculosis in cattle exist. Either; (a) contact between 
cattle and badgers is prevented, (b) badger tuberculosis 
is diagnosed and those infected, killed or (c) badgers are 
vaccinated. Option (a), is almost impossible practically 
due to the digging behaviour of badgers. The problems 
involved in the diagnosis of badger tuberculosis are now 
addressed.

1.3. The diagnosis of badger tuberculosis.
BTB have routinely been cultured from badger clinical 

specimens, although success may only be as high as 20% 
(Pritchard et al.. 1987) with growth often taking up to 8
weeks. Once isolated, identification of BTB from the human 
variety and other acid fast bacilli is made, based on 
growth patterns and biochemical tests. The link between
infection in badgers and cattle has been criticised as 
circumstantial and until a reliable typing system can be
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provided, this remains so. M.tuberculosis has shown 
intraspecific differences depending upon the ethnic origin 
of the host (Collins et al.f 1982) and although 
bacteriophage typing has been used for M.tuberculosis 
(Bates and Mitchison, 1969) this method has not been 
successful for BTB, as all strains belong to the same phage 
type. Pyrolysis mass spectrometry, a method which detects 
heterogeneity between bacterial strains has also been used 
to compare pyrolysates of BTB isolates from cattle (MAFF, 
1984). A typing system for M.avium based on the ability to 
remove by utilisation or breakdown, different amino acids 
from solution has also been proposed (Grange, 1976). 
Employing the technique of polyacrylamide gel 
electrophoresis, readily recognisable differences between 
strains of BTB have been demonstrated (Barrow, 1986).

A serological test which does not depend upon organism
isolation has been much sought. ELISA, although
reproducible and easy to perform, has yet to yield a

of tuberculosisconsistently accurate diagnosis^for any animal species. 
Considerable overlap with non-specific attachment of the 
enzyme labelled antiglobulin in non-tuberculous badger 
serum has been shown for tuberculous and non-tuberculous 
badgers (Morris et al., 1979). Cross reactivity of
antibodies is the major problem, the majority of it 
directed to the group i common antigens, shared by all 
mycobacteria (Stanford and Grange, 1974). Antigen 
preparations from mycobacterial species are thus capable of 
detecting antibodies to unrelated species (Patterson and 
Paterson, 1959) and even to other genera (Gilmour et al.,
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1972), suggesting the need for a more specific antigen 
preparation. Complement fixation (CF) studies using badger 
serum have yielded varying results, with very little or no 
CF antibody being possessed by artificially infected 
badgers, although this does increase upon natural infection 
(Little et al., 1982a). The first badger LTT performed
suggested that the badger does not possess an effective 
cell mediated immunity to tuberculosis (Morris et al.
1978), although this conclusion has been reversed following 
optimisation of technique (Mahmood et al.. 1987a). Study of 
wild badgers caught in the MAFF control operations showed 
that LTT responses to Glaxo BCG antigen provided good 
discrimination between tuberculous and non-tuberculous 
badgers, and stimulation with Concanavalin A demonstrated 
that there was no generalised or non-specific defect in the 
badger cell mediated immune system (Mahmood et al.. 1987a).

Skin testing techniques have been directly applied to 
the badger in an attempt to diagnose tuberculosis in live 
animals, but have shown variable results. The use of 
various concentrations of bovine and avian tuberculins have 
provided uniformly negative results in tuberculous badgers 
(Little et al.. 1982a? Zuckerman, 1980). Biopsy of skin
test sites have, however, shown mild cellular reaction 
suggestive of hypersensitivity, albeit at low levels 
(Gallagher et al., 1976; Higgins and Gatrill, 1984). Skin
test results may depend on geographical location, perhaps 
reflecting contact with varying mycobacterial species 
(Mahmood et al., 1987b).
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1.4, The control of tuberculosis in badgers.
The problem of identifying individual tuberculous 

badgers within a social group has been described, and 
therefore any control measures taken will be directed 
against all members of an otherwise non-tuberculous group. 
In 1975 MAFF commenced their control programme, which 
destroyed badgers in setts surrounding tuberculous cattle. 
Opponents of the use of hydrogen cyanide gas, pumped into 
setts, claimed that some badgers died a slow, torturous 
death, whilst others proposed that only suboptimal doses 
reached the bottom of deep setts, as previously reported by 
MAFF (MAFF, 1979). As carcasses were not available for 
autopsy, unless dug out, a valuable epidemiological tool 
was lost. Gassing continued until September 1979 when, 
following mounting public pressure, Lord Zuckerman reviewed 
the situation of badger tuberculosis and its control 
(Zuckerman, 1980). The continuation of control operations, 
including gassing, was recommended and land engineers were 
employed to prevent recolonisation of gassed setts by other 
badgers. However, in June 1982 gassing was stopped 
following a report from the Chemical Defence Establishment 
which found it to be inhumane (Chemical Defence 
Establishment, 1982). Trapping and shooting was instituted, 
which meant that death was rapid and carcasses were 
available for examination.

Dunnet reviewed the badger control policies again in 
1986 and recommended the continuation of trapping and 
shooting, but restricted to affected farms. He also 
recommended that the practice of releasing lactating sows
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I wuuxu nave
was to stop,, a lead to starvation of cubs underground,
although but was not adopted (Dunnet, 1986).

The badger control programme has caused both emotive,
conservationist and political argument, and many question
its validity. Conclusions from mathematical modelling have
also suggested that a very substantial reduction in badger
numbers would be necessary to induce marked changes in
badger tuberculosis (Anderson, 1985). It has been proposed
that badgers are only a danger if they are infectious,
rather than just infected (E. Overend, personal
communication). She further suggests that stress put on
the survived" of a control operation could precipitate a
weakening of immunity as well as movement of a tuberculous
badger into an uninfected area (Overend, 1980). 

shownMAFF has A the nation-wide decline in reactor rates 
between 1975 and 1979 (MAFF, 1975-79). In 1974 a rise, 
followed 2 years later by a fall, in reactor rate across 
the country may have resulted from an increased input of 
tuberculous Irish cattle. The Irish veterinary surgeons'

t

strike of 1975 may also have influenced this, although this 
has not been supported by MAFF (Zuckerman, 1980). The 
change in 1975 from the use of human to bovine PPD

may also have led to reactor rate decline by 
reducing false positive reactions caused by Johnes disease 
(Pout, 1981). A proportional reduction in the infection 
rate of cattle herds has been exemplified by the Thornbury 
MAFF experimental area, which was a controlled study 
(Wilesmith et al.. 1982). Studies in south Dorset have also 
investigated the prevalence of tuberculosis (Little et al.,
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1982b; Little et al., 1982c). Conclusions from accumulated 
data concerning badger control operations are difficult to 
reach, but economic assessment has failed to find the 
gassing strategy cost-effective (Mclnerney, 1986? Power and 
Watts, 1987).

As cattle cannot be vaccinated or completely segregated
from badgers, an alternative to the current policy of
killing badgers, many uninfected, may lie with badger
vaccination. Before the development of a vaccine canhistory
commence, however, it is essential to understand the lLfe^ 
of the badger. Its history, biology, ecology and behaviour 
are described in Chapter 2.
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CHAPTER 2.
THE BADGER - ITS HISTORY. BIOLOGY. ECOLOGY AND BEHAVIOUR. 
THE RELATION OF THE BADGER7S LIFESTYLE TO VACCINATION.

2.1, The badaer.
The badger, Meles melesf is a member of the Mustelidae 

family and is Britain's largest underground living mammal. 
Its roots lie in a primitive marten-like animal which 
evolved in the temperate forests of Asia, and fossils as 
old as 2 million years have been found in France.

The name "badger" may have originated from the French, 
"becheur" meaning "digger" and other names include "brock", 
"bawson", "grey" and "pate". In Eire, badgers are still 
sometimes referred to as "earth pigs".

Badgers have proved successful by adaptation and it is 
not surprising that due to their tenacity and fascinating 
lifestyle they have exploited, and been exploited in, four 
continents. Badger products have been used for many 
purposes including shaving brushes, garments, gun holders 
and even as aids against disease and witchcraft. The cruel 
sport of digging and baiting is still very prevalent in 
some parts of England and they have literally been 
"badgered" throughout the ages.

The badger is very well adapted to life underground, 
with strong limbs. The snout is elongated, with the 
nostrils capable of closure in dusty conditions. Although 
heavy animals for their size, they can run at 30 km/hr, 
swim and even climb trees.

The facial markings of a badger make it easily 
recognisable, appearing as two black stripes emanating from
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behind the ears to just before the nose. These are acquired 
before birth and persist until death (Neal, 1986) and 
whether they act as a warning signal to predators or are 
used as some form of recognition is not known. However, 
badgers are reputed to recognise both badger masks and 
their own reflections in a mirror. Their coat has an 
overall grey appearance, with darker striped guard hairs 
overlying it. The underfur contains no pigment and the skin 
is rubbery, probably protecting against bites, a possible 
route of tuberculosis transmission (Gallagher and Nelson, 
1979).

The brain has many convolutions, with both olfactory 
and cerebellum areas being well developed for keen smell 
and hearing respectively. The corpora quadriaemina are not 
well developed and this may correlate with poor eyesight. 
Smell is the badgers most important sense, located on the 
greatly developed scroll bones of the nasal chamber. Scent 
may allows the recognition of individuals, sexual state, 
food, danger and location.

A badger's age can only be roughly estimated although 
several parameters have been proposed, including the 
characteristic of the baculum bone, closure of the long 
bone epiphyses/sagittal crest and the extent of the 
temporal ridge join. Tooth wear has been used for 
the rough determination of age, although this may be 
influenced by environment (Hancox, 1988). Badger sex can 
not be determined without capture, although the male is 
more heavily built, with blunter nose and thinner tail.

Badgers have been able to colonise many various areas
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including, woods, quarries, sea cliffs, green belts and 
housing estates, so wherever there is shelter and a 
steady supply of foraging badger settlements will flourish.

Once badgers move into an area they begin to construct 
burrows or "setts”, with interconnecting tunnels. These 
setts possess 3-10 large entrances and extend some hundreds 
of feet. Some setts have been in existence for hundreds of 
years and badgers will mate, give birth and die there.
Straw, newspaper and any other insulating products are 
taken in and the temperature may rise to 18-20°C (Neal, 
1986) .

Badgers are gregarious creatures living in social 
groups and data obtained by MAFF in the Cotswolds, Avon and 
Cornwall areas have shown that about 5-7 badgers live in 
one sett (Cheeseman et al.. 1981). Both sexes usually
inhabit a sett, although some bachelor setts do exist
(Cheeseman et al.. 1981).

Territories are badger-determined and boundaries which 
have been known for many centuries are marked by scent
glands found in the subcaudal/anal regions. Faeces are a 
vehicle for these musky secretions and inter-digital glands 
may also scent trees during bark scraping activity.
Individuals are sometimes "scented" during the extensive 
mutual grooming which occurs.

The badger is mainly nocturnal, making daytime 
appearances between sunset and darkness in summer, but only 
after dark from October to March. These emergence times are 
complex and interrelated, probably governed by disturbance, 
availability of food, social composition and many other
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unknown factors. Stomach contents and dung analysis have 
shown that the badger diet is varied, depending on the time 
of year, concentrations of insects, small mammals, plants, 
berries, reptiles, amphibians and molluscs. Worms, 
Lumbricus terrestris f can form over 70% of the stomach 
contents, sometimes in excess of 600 g at one time (Neal, 
1986). Although badgers obtain much water from their diet 
they will also drink from puddles, streams and cattle 
troughs. To what extent if any, the latter contributes to 
the spread of tuberculosis to cattle is not known.

Sexual maturity usually occurs between 12-15 months old
in both sexes and many sows will give birth in the second
year of life (Neal, 1986). Ovulation is stimulated by use
of the baculum bone during copulation and although sows
will usually repel the boar at this time, postpartum

75%
oestrus can occur. Of their young are born between midA
January and mid March, depending on the many external 
factors (Neal, 1986). After mating, sows do not become 
pregnant immediately but exhibit a "delayed implantation" 
of their blastocyst (Fischer, 1931) . The period between 
fertilisation and birth can vary between 4 months and 
almost one year (Neal, 1986). A further theory suggests 
that the steroid hormones involved in pregnancy may become 
stored in their fat deposits and, as this fat is broken 
down and released, implantation of the blastocyst occurs 
(Neal, 1986). Cub litters vary between 1 and 5, with 16% of 
litters producing twins. Emergence from the sett occurs at 
8-10 weeks after birth and in the south-west of England 
weaning begins in May (Neal, 1986). Before foraging is
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learnt a mother will feed her cubs on regurgitated food 
(Notini, 1948).

recordedThere are no^major badger diseases, although as 
described, they can become infected with the bovine
tubercle bacillus (Muirhead et al.. 1974). Q f wild

I 50%badgers may die in their first year, with less than 10% 
living beyond 10 years old (Hancox, 1988). Many deaths 
result from road traffic accidents, tuberculosis, infected 
bites, and starvation (Gallagher and Nelson, 1979). Badger 
carcasses are usually left in the sett after death, 
although reports of badger funerals do exist (Neal, 1986).

The poet Edward Thomas aptly described the badger as 
"The most ancient Briton of English beasts". Its survival 
into the 20th century has been based both on its great 
resilience to the actions of man and adaptability to a 
rapidly changing environment.

2.2. Consideration of the badaer/s lifestyle in relation 
to a vaccination programme.

Trapping large numbers of elusive, shy badgers to 
intradermally vaccinate is impractical and may be stressful 
to the animal. Vaccination has therefore to be by the oral 
route and to achieve this the feeding practices and taste 
predilections of the badger should be investigated. 
Although badgers eat many worms, the introduction of 
vaccine into pieces of worm is not practical. In addition, 
badgers may not eat dead worms and the effect of the 
worm's body cavity on the vaccine is unknown. Studies made 
by conservationists have demonstrated the badger's love of 
sweet foods and this information has proved useful in
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developing the formulation of the vaccine, as well as
attracting the badger to the vaccine location. Acquainting
the badger with the foodstuff by pre-baiting the location,
also has also to be considered. Knowledge of the badger
social hierarchy is also important, as perhaps one dominant

|eat
badger may emerge from the sett and the entire vaccineA
batch. Time of year chosen to vaccinate may dictate optimal 
uptake of vaccine. It must be when most cubs are weaned so 
that they too can become immunised. Similarly, the time of 
day when vaccine is laid may also be important, if it is 
too late, human scent may not have dispersed. The knowledge 
of how to approach a badger sett without alerting the 
animal is also necessary, and the assistance of badger 
conservationists has been invaluable in the administration 
of a vaccine to a previously unimmunised animal species.

The problem of badger tuberculosis has been 
discussed, as have points important to the conduct of a 
vaccination scheme. Chapter 3 discusses the badger immune 
response to tuberculosis and the selection of potential 
vaccines which could be studied.
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THE BADGER IMMUNE SYSTEM AND POTENTIAL VACCINES.
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CHAPTER 3.
THE BADGER IMMUNE SYSTEM AND POTENTIAL VACCINES.

3,1, Previous work on the badger'g immune response to 
tuberculosis.

Opinions have differed concerning both the 
susceptibility of the badger to tuberculosis and the 
efficiency of its immune response. The badger has been 
considered slightly susceptible to tuberculosis, with only 
3.4% of mainly road traffic accidents being infected 
(MacDonald, 1984) although infection rates of 7-35% have 
also been reported (Cheeseman et al.. 1981).

Transmission of bacilli via secretions and excretions, 
for example, in faeces over prolonged periods (Little et 
al., 1982a) have adequately maintained the disease in the
badger population. However, it is clear that to remain 
alive for such long periods and maintain population numbers 
under such high infection rates, often when infected for 
prolonged periods, badgers must possess some degree of 
immunity to maintain population numbers under such disease 
prevalence.

Probably not all infected badgers progress to the 
infectious state, the others appearing capable of limiting 
the infection, presumably due to the action of their cell 
mediated immunity. Live bacilli can remain dormant in 
lesions and reactivate at any time, following a decline in 
the cell mediated immunity which may result from increasing
age, pregnancy, or stress.

(become infectedMore cubs than adults^and the prevalence of infection
is similar in both males and females (Cheeseman et al.,
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1981). Sexual predisposition probably either does not
reflect a true variation in cell mediated immunity or may
result from the wide ranging, aggressive activity of the
male.

Population density may influence prevalence of
tuberculosis in a colony (Gallagher and Nelson, 1979) and 
whether this is related to stress during overcrowding and 
lack of food, with an increase in aggressive bite wounds, 
is not known. Studies in Avon, Cornwall and Staffordshire 
have not corroborated this (Cheeseman et al.. 1981).

Both in vitro and in vivo studies of the badger 
cell mediated immune response have shown variable results, 
as described in Chapter 2. Although well developed in the 
early stage of the disease, later on the cell mediated 
response can become abnormal, leading to anergy and 
resulting in generalised tuberculosis (Mahmood, 1985). 
During this anergic stage, the badger becomes 
multibacillary and excretes many bacilli during a prolonged 
clinical course of tuberculosis (Gallagher et al.. 1976?
Little et al. . 1987ei Pritchard et al. . 1987). Thus an
immune spectrum of response to tuberculosis has been 
proposed (Thorns and Morris, 1983) along which badgers may 
move (Mahmood et al.. 1987b).

Natural infection of the badger leads to little 
caseation, calcification or fibrous encapsulation around 
lesions. Few giant cells, many acid fast bacilli (AFB), 
loss of skin test reactivity, low lymphocytic 
transformation to mycobacterial antigens and a high level 
of mycobacterial antibodies are also seen during the
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anergic phase. This phase has been compared to that shown
by human lepromatous leprosy patients (Mahmood et al.
1987b). Immunosuppression of human responses to
tuberculosis following inhalation of silica has been
proposed (Chatgidakis et al.. 1963?Miller and Zarkower., 1976 

let al. |1981O'Rouke* 1978?jstarkus and Salvaggio. * Rola-Pleszcznski et
A

al. , 1982) and this may also apply to the badger (Higgins
et al., 1985) as setts are often found in sandy soil
(Little et al.. 1982b).

Immune responses vary between tuberculous badgers and 
several routes of progression may occur. A badger may 
contract tuberculosis from a bite wound incurred whilst 
fighting, playing or mating, or by inhalation or ingestion 
of bacilli in sputum, urine, pus or faeces.

After becoming infected it may:
(a) develop local tuberculosis and either overcome it or 

maintain it in a latent state, only to die from 
another cause prior to becoming infectious.

(b) develop tuberculosis quickly and die early.
(c) develop tuberculosis, become anergic, multibacillary 

and shed BTB for several years.

The possibility of being able to induce either (a) or (b) 
responses artificially by vaccination could be the basis of 
eradication of badger tuberculosis.
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3.2. How the vaccine may work,
Imight

There are several ways in which a vaccine ^  perhaps work? 
it might I
(a) enhance immunity already acquired through casual 

contact with mycobacteria in the environment, leading 
to control of infection.

(b) prolong the period between primary infection and 
reactivation, so that the infected badger dies of 
intervening illness or road traffic accident.

(c) shorten the long anergic, multibacillary period during 
which the badger is profusely excreting BTB.

Mahmood has shown that both (a) and (c) may occur after 
vaccination of badgers with intradermal BCG (Mahmood et 
al. , 1989).

3.3. Requirements for the badger vaccine.
The vaccine must be effective as a killed preparation

when given orally. Vaccination with bacteria capable of
multiplication in the environment is neither realistic nor
permissible. Badgers may consume more than one dose of
vaccine, and it must therefore be safe in overdose. As much
of the eradication of tuberculosis in cattle has resulted
from the compulsory area eradication scheme, it is
imperative that ingestion of multiple doses of the vaccine

| in cattle
does not led to either sensitisation or desensitisation.A.
Finally the vaccine should be inexpensive, both easy to
prepare and to administer. It should be presented in a
formulation which is attractive to the badger, harmless to
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the active ingredient and capable of withstanding 
environmental factors.

3.4. Evidence for the use of killed. oral and
saprophytic mycobacterial vaccines.

3.4.1. Killed vaccines.
The opinions held against the use of killed vaccines is

probably unfounded (Rook, 1980). Infection with live
bacteria or viruses usually leads to immunity, persuading
some that artificially acquired immunity can only be
obtained by vaccination with living organisms. Furthermore,
the first vaccines developed? smallpox, anthrax and chicken
cholera, were all attenuated but live. The misconception
that killed vaccines could not immunise may also result
from the fact that they do not multiply in the body.
Collins has suggested a correlation between the ability of
a vaccine to survive in vivo and immunogenicity (Collins,
1971). However, Youmans immunised CF 1 mice with live
M .tuberculosis H37Ra, which does not multiply significantly
in this mouse strain. No significant difference was found
in protective abilities, suggesting that multiplication was

mightunnecessary and that killed vaccines work (Youmans and
Youmans, 1969).

Prediction as to whether the use of killed bacilli in
a vaccine will lead to protection can be based on footpad
responses in mice. When injected live, the response will
have a distinct 24 and 48 hour component (Rook and
Stanford, 1979). Organisms which produce little skin test
positivity after 2-3 weeks, but which lecl to a powerful 48
hour component, are the species which may not be
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immunocrenic when killed. This includes M.kansasii CRook
I1979and Stanford, 1979) M .lepraemurium (Lagrange and Hurtrel.,?.
AM.avium and some but not all strains of BCG (Rook, 1980). 

As these organisms are common, the idea that all 
mycobacterial vaccines lose their immunogenicity when 
killed was given further impetus.

Killed mycobacterial vaccines have existed since Koch's 
investigations and have been extensively reviewed (Weiss, 
1959). In 1913 Loeffler found that a weakly virulent strain 
of M.tuberculosis killed by prolonged incubation at 70°C 
led to protection against virulent infection. "Preparation 
147", made by repeated heating of M .tuberculosis and given 
intradermally, increased survival after challenge with 
virulent organisms (Langer, 1927, cited in Weiss, 1959). 
When tested, this vaccine caused a similar degree of 
tuberculin skin test hypersensitivity to that acquired 
during tuberculosis. Heat killed M .tuberculosis 
administered by repeated subcutaneous injection led to a 
less severe disease following challenge with intradermal 
virulent M .tuberculosis (Freund, 1932, cited in Weiss, 
1959). Similar observations have been made by others 
(Thomas 1933? Coulaud, 1935? Lagrange et al.. 1935, all
cited in Weiss, 1959). Administration of killed 
H .tuberculosis causes smaller necrotic responses than live, 
even when skin test reactions of equal sizes are obtained. 
This illustrates that on killing the organism there is a 
qualitative as well as a quantitative effect on 
immunogenicity (Raffel, 1948, cited in Weiss, 1959).

Apart from heat, methods of killing mycobacteria for
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use in vaccines have included; phenol, ultraviolet light, 
urea, lysis with lecithin, and growth on saponin medium.

againstThey have all protected tuberculosis in either human
or animal studies (Weiss, 1959).

Opposition to killed tuberculosis vaccines,
substantiated by experiment, has also existed. Theobald
Smith in 1917 failed to produce heightened resistance in
cattle, whilst Uhlenhuth found no protection in guinea
pigs, rabbits or donkeys, when given 100 - 700 mg of killed
M.tuberculosis by intravenous, subcutaneous or
intraperitoneal routes (Smith, 1917? Uhlenhuth, 1920, both
cited in Weiss, 1959). Seligman and Von Gutfeld found that
heat ̂ .killed M .tuberculosis failed to protect (Seligman and
von Gutfeld, 1925, cited in Weiss, 1959), whilst protection 

alsowas A not found after either administration of lmg of 
boiled M.tuberculosis (Damerow, 1940, cited in Weiss, 1959) 
or heat killed S and R variants of this organism (Liebow et 
al. 1940, cited in Weiss, 1959).

The problems of favourable routes of administration 
(Westerenrijk, 1933, cited in Weiss, 1959) should be 
addressed whilst considering the efficacy of killed 
vaccines (Petroff, 1926, cited in Weiss, 1959), larger 
doses of bacilli often being found necessary (Potter, 1942, 
cited in Weiss, 1959).

Killed mycobacteria may not inhibit phagolysosomal
fusion (Goren et al. 1976) and thus major somatic
structural proteins on the mycobacterial cell wall exterior
may be exposed to lysosomal enzymes and lead to helper
rather than protective T cell manufacture, which did not

49



passively transfer specific immunity (Orme, 1988).
The use of living vaccines has also been criticised 

(Weiss, 1957) as being considered difficult to 
standardise and more open to minor variations in 
preparatory procedures, including reconstitution after 
lyophilisation. Concern has also existed over contamination 
of preparations with living organisms or, as happened in 
Lubeck in 1923, accidental administration of a culturally 
and morphologically similar but fully virulent strain of 

tubercle.Reversal or mutation of attenuated live organisms to 
pathogenicity is feasible, although this has never occurred 
in the many years that BCG has been passaged.

Opinions held against killed vaccines may have arisen 
from inappropriate killing procedures, inadequate dosage 
and a severe or unnatural challenge (Weiss, 1959).

3.4.2, Oral Vaccines.
Most vaccines are not administered orally, unless it 

is essential that they stimulate the tonsil or gut- 
associated lymphoid tissue, which first meet the infection, 
for example poliomyelitis. Usually, any organism 
encountering the alkalis, acids and enzymes of the 
alimentary tract becomes antigenically changed,
sometimes rendering it non-immunogenic. However, because of 
their high lipid content, mycobacteria can largely resist 
these effects.

Oral tuberculosis vaccines were used earlier this 
century. In 1907, Calmette, Guerin and Breton administered 
heat killed M .tuberculosis orally to guinea pigs. All were
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infected by the oral route and an immunising effect found, 
although the temperature used to kill the bacilli proved 
important (Calmette et al.. 1907). Guinea pigs fed large
doses of heat—killed M.tuberculosis in butter showed no 
difference in the progression of disease in either 
vaccinates or controls (Rosenau and Anderson, 1909). In 
1951, Sadelkow postulated that relative resistance of 
children to tuberculosis stemmed from the continual 
ingestion of M.tuberculosis "weakened" by the sun, and to 
test this hypothesis M .tuberculosis treated with 
ultraviolet light was fed to guinea pigs. After eating 
dandelion leaves dipped in a live culture of the organism, 
all guinea pigs remained well (Sadelkow, 1951, cited in 
Weiss, 1959). It may therefore be feasible that an oral 
vaccine could protect badgers against tuberculosis.

Oral BCG was administered to new-born children in 
1921 (Weill-Halle and Turpin, 1925) and in Brazil during 
the 1940's. Seventy-one percent of Brazilian children were 
tuberculin positive at 6 months (Von Rosemberg, 1954). This 
was probably due to the ability of mycobacteria to resist 
destruction in the gut as described earlier and may also 
result from their adjuvanticity (Chedid et al.. 1976).

3.4.3. Saprophytic organisms.
Early investigations into the use of saprophytic 

mycobacteria as vaccines did not provide very encouraging 
results.

Selter, in 1922, parenterally administered ground up
saprophytic mycobacteria, but found that this suppressed
immunity to tuberculosis (Selter, 1922, cited in Weiss,
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1959). Uhlenhuth, in 1923, used the "Timothy grass 
bacillus" (M.phlei’l or Friedmann's "turtle tubercle 
bacillus" (M.chelonei^. also without success (Uhlenhuth, 
1923, cited in Weiss, 1959). Later, in 1950, vaccination 
with dead saprophytes suspended in paraffin oil and 
injected also failed to protect human subjects (Sadelkow, 
1951, cited in Weiss, 1959).

However, data from the Southern United States BCG 
trials indicated that environmental mycobacteria may well 
be pre-immunising BCG recipients (Palmer and Long, 1966; 
Comstock and Webster, 1969). M.avium and two strains of 
M.kansasii were found as effective as BCG in protecting 
mice against challenge with M.tuberculosis. Protection was, 
however, dependent on the saprophytic organism used, as 
M.intracellulare and M .scrofulaceum both proved to be 
ineffective (Collins, 1971). Fast growing mycobacterial 
species were shown not to be protective against challenge 
with M .tuberculosis (Youmans et al.. 1961)

The vole bacillus, M.microti (Wells, 1937) was found to 
be as effective at immunising against tuberculosis as BCG, 
but led to more severe ulceration at the site of injection 
and so was never accepted as an alternative. Studies
involving M.vaccae have also shown protection against 
tuberculosis and leprosy and this will be discussed later.

The evidence for the efficacy of killed, oral and
saprophytic mycobacterial species suggests that a vaccine
embodying all three properties could be used to immunise
badgers and the decision remained as to which species of
mycobacterium to use. The mechanism by which a vaccine may
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immunise would influence this choice.

3.5. Mechanisms of protection against mycobacterial
disease.

Protection resulting from vaccination against 
tuberculosis is thought to arise from immune recognition of 
the group i common antigens shared by all mycobacteria 
(Stanford and Grange, 1974? Stanford, 1982). The success of 
the BCG vaccine trials conducted by the Medical Research 
Council in 1956 against tuberculosis and leprosy may have 
resulted from recognition of these antigens (Brown et al. 
1968).

Evidence for the protective effects of the common 
antigens arises from data showing that humans with 
untreated mycobacterial disease fail both to respond on 
skin testing with common antigens and lack T cells 
demonstrably responsive to them in vitro. Healthy BCG 
recipients, however, possess many T cells responding to 
these common antigens, even when their skin test is 
negative. Pre-immunisation with the common antigens 
promotes recognition of relevant species specific antigens, 
and these may act as the true targets for the protective 
effector responses.

Although all species of mycobacteria found in the
environment possess common antigens, interference with
tuberculin sensitivity following contact with them has been
known only since 1959 (Palmer et al.. 1959). This may lead
to BCG vaccination failure, occurring in various
geographical locations (Palmer et al.. 1966). Thus
mycobacteria may confer immunity which can not be exceeded
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by BCG vaccination (Palmer et al.. 1966, Edwards et al..
1982). Two mechanisms are proposed to explain this finding.
The first describes two cell mediated immune responses -
induced by contact with various mycobacterial species
(Stanford et_al. , 1981b; Rook et al.. 1981). One was
indicative of a true protective response, whilst the other
was found to be deleterious to the host. These two types of
response were first described by Koch in 1891 and in more
detail by Debre and Bonnet in 1922 (Koch, 1891? Debre and
Bonnet, 1922). Koch demonstrated the destruction of cells
infected with tubercle bacilli and showed that although

with virulent bacilli guinea pigs were refractory to intradermal inoculation,^
deeper challenge led to a more severe illness, hastening
death. The mode of action of the second more beneficial
type of response was elucidated by examining immunity of
mice to Listeria monocytogenes infection (Mackaness, 1967),
an organism shown to possess antigens similar to
mycobacteria (Stanford et al., 1975). Casual contact with
environmental mycobacteria led to the priming of one of
these responses. The proposed second mechanism suggests
that not only will BCG vaccination fail to add enhance
immunity acquired by contact with environmental
mycobacteria, but that it may also boost the type of cell
mediated immune response acquired by such contact.
Mycobacteria differ in their ability to induce either of
these responses (Stanford et al.. 1978). Those inducing
only the protective response, as shown by skin testing,
include M.vaccae. M .nonchromoaenicum and M.leprae (Shepard
et al. . 1980? Stanford et al., 1980), whilst those capable
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of producing either response include, M.kansasii.
M .scrofulaceum and M.tuberculosis. The first contact with a
mycobacterium is likely to lead to a beneficial type of
priming (as long as it is not of an extensive nature or by
a species known to induce a tissue damaging response).
Later, enhancement of a protective response by BCG
vaccination leads to a lowering of threshold of
immunological recognition (Shield et al.. 1977; Stanford et
al., 1980), thus immunising. Rook suggests that not only
can previous priming with a tissue damaging type response
not be changed into a more protective response by BCG
vaccination, but that it can completely block effective

et al.,subsequent vaccination (Rook* 1981). Such environmental
7 V

mycobacterial species inducing this response must therefore 
evoke a qualitatively different type of immune response to 
those which enhance it* Exposure to organisms which evoke 
one type of response must impair induction of the other. 
The two different mechanisms may have separate kinetic and 
effector functions and a variation at either the regulator 
or effector cell level may therefore exist. Those organisms 
inducing the tissue damaging responses may trigger 
subclasses of T lymphocytes which kill infected 
macrophages, rather than trigger them (Rook and Stanford,
1979).

Because of their digging activity and diet of
earthworms, badgers must undergo extensive contact with

environmental organisms, leading to priming of either a
detrimental or a beneficial type of response. Whether
vaccination of the badger would render protection or
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enhance a pre-existing protective response is not known.
might3.6. The choice of organism and how it ^  immunise.

Animal models have suggested that any mycobacterium may 
be able to protect against infection with any other 
(Edwards et al.. 1982; Orme and Collins, 1986), with BCG
vaccination of humans being as effective against leprosy as 
tuberculosis (Brown et__al., 1968). Tuberculous mice
previously vaccinated with M.avium have shown increased 
survival (Fenner, 1957) and cross protection between 
M.intracellulare and M.kansasii has also been demonstrated 
(Youmans et al.. 1961).

As discussed earlier, protection is probably acquired 
by recognition of the group i common antigens. M.vaccae. a 
saprophyte, is antigenically unusual, lacking both group ii 
slow grower and group iii fast grower antigens (Stanford 
and Grange, 1974) but containing high and low 
concentrations respectively of the group i common and group 
iv species specific antigens (Stanford, 1982). Leprosy 
patients at either ends of the immunological spectrum have 
demonstrated by skin— test responses to tuberculin and 
Vaccin, that M.leprae and M.vaccae are antigenically very 
similar (Stanford et al.. 1978). M.leprae and M.vaccae may
thus provide protection against tuberculosis in the badger. 
As the former is only cultivable in vivo. and is 
pathogenic, its use even when killed is not feasible.

M.vaccae is thought to lead to a protective type of 
response, although others have suggested that it is poorly 
immunogenic. This may have been due to the limited strains
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of M.vaccae used (Watson et al.. 1979). Although continuing 
antigenic stimulus was previously thought to be necessary 
for protection against pathogenic mycobacteria (Collins, 
1971), persistence of M.vaccae in tissue is now known not 
to occur (Collins et al.. 1978). 104 days after
administration of M.vaccae to mice, bacilli were 
undetectable, although memory lymphocytes were present in 
the spleen. The continuing presence of M.vaccae may 
therefore not be necessary for the maintenance of a 
population of memory lymphocytes, (Swinburne et al.. 1985).

Evidence that M.vaccae may act as an immunomodulatory 
agent, with potential as a protective vaccine, is presented 
later in this chapter.

3.6.1. M.vaccae - the organism.
M.vaccae was originally isolated in 1964 from the 

lacteal gland of a calf (Bonicke and Juhasz, 1964). It is 
ubiquitous in the environment but is susceptible to soil 
pH, moisture and temperature. It is a short, strongly acid 
fast bacilli, belonging to Runyon group iv, frequently 
pigmented, showing either photo- or scoto-chromogenicity 
and is cultivated easily on simple media. There is no 
definite evidence of pathogenicity associated with 
M.vaccae. although organisms resembling it have been the 
cause of bovine thelitis in America and Japan (Shimizu et 
al., 1977).

The strain used for the immunisation of animals 
reported in this thesis was M.vaccae R877R, a 
scotochromogen isolated from the mud of Lake Kyoga in
Uganda (Stanford land Paul., 1973).
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3.6.2. Evidence that immuniRation with H.vaccae may be 
protective against mycobacterial disease.

Indications that M.vaccae may influence the immune
response to leprosy and tuberculosis can be seen both when
contact with the organism is environmental or is
artificially induced by immuno-therapy or prophylaxis. BCG
vaccination in Uganda, when superimposed upon
environmental contact with M.vaccae. led to an 80%
efficiency in vaccination in a leprosy trial (Stanley et
al. 1981). In Burma, BCG was found to be only 20%
effective. The synergistic effect of BCG and environmental

in BurmaM.vaccae seen in Uganda had not occurred/sand failure is 
thought to be due to the presence of M .scrofulaceum in the 
environment (Shield et al.. 1980). M.vaccae from Ugandan
mud, where a BCG trial has been conducted, has been
isolated in an attempt to overcome the influence of strain
difference. Subcutaneous and oral vaccination was found to 
be comparable to Glaxo BCG in immunising against leprosy, 
as detected by memory lymphocytes in the spleen (Swinburne 
et_al., 1985). Parenterally administered M.vaccae has been
used with a degree of success to protect against infection 
with M.leprae (Collins et al.. 1978; Stanford et_al., 1989; 
Watson et al.. 1979; Shepherd et al.. 1980). Lebanese

. . 7children injected with 10 M.vaccae plus BCG vaccine have 
become protected against leprosy (Bahr et al.. 1986), and
similar studies have been made in Iran (Stanford et al.. 
1989; Ghazi-Saidi et al.. 1989) and India (Ganapati et_al., 
1989). The conclusion is that BCG plus M.vaccae may be more 
effective than BCG alone. Doses of 107, 108, 109 and 3xl09
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M.vaccae bacilli have been used in the experimental
immunotherapy of leprosy, showing favourable preliminary
results (Stanford et al. 1988b? Torres et al. 1988).
M.vaccae has also been used in the immunotherapy of

I either qtuberculosis in guinea pigs, when ̂ 10 live, boiled, 
autoclavedI or ’ irradiated bacilli were given intradermally, 
supplementing a course of multiple drug therapy (Stanford 
et al.. 1988a). (Killed M.vaccaef given intradermally at aJdose of 107 have also led to a significant reduction in the 
size of responses to tuberculin (Poznjak_et al.,1987) and a 
combination of BCG plus 5x10s killed M.vaccae is currently 
being used to study the immunotherapy of leprosy at The 
Hospital for Tropical Diseases, London. Killed M.vaccae is 
also being used in double blind tuberculosis immunotherapy 
trials in the Gambia and Kuwait (J.L Stanford, personal 
communication). Following consideration of both the 
prophylactic and immunotherapeutic nature of M.vaccae. plus 
its lack of pathogenicity, the use of this organism as a 
potential vaccine for badgers was investigated.

3.7. The present situation and aim of this thesis.
Even after more than 10 years of attempted control,

badger tuberculosis is still a severe problem in south-west
England. As vaccination of cattle is not permissible, MAFF
is attempting to reduce the transmission between cattle and
badgers by destruction of the latter. As no “cage-
side" diagnostic test is available to determine which
badgers are infected, many non-tuberculous badgers have
been killed. Opposition to the control policies has been
described earlier, but until recently no feasible
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alternative existed. However, it is now known that the cell 
mediated immune response of the badger is capable of 
stimulation by BCG and this may also be possible using 
other mycobacteria. Evidence suggests that oral, killed 
saprophytic mycobacterial vaccines can be effective and 
that M.vaccae. in particular, may be immunomodulatory.

The aim of the work presented in this thesis was to 
develop an oral vaccine for badgers against tuberculosis. 
This vaccine would be easily manufactured, safe in large 
doses and not interfere with the results of the cattle skin 
test. If such a vaccine were to be protective in captive 
badgers, then a field study to test its efficacy in the 
wild is proposed.

In 1985, the Silverwood Trust was founded, its purpose 
being to fund research into the development of the first 
badger tuberculosis vaccine.
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CHAPTER 4.

VACCINE STUDIES IN THE GUINEA PIG.
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CHAPTER 4.
VACCINE STUDIES IN THE GUINEA PIG.

A colony of wild badgers is difficult to establish in
captivity and the design of any experimental protocol using 
this species must be carefully considered. As most of the 
vaccines proposed for use in badgers were previously little 
studied, an attempt has been made in the guinea pig to 
predict vaccine efficacy and to elicit unforeseen harmful 
consequences, which might adversely affect a subsequent 
badger study.

One of the prerequisites for this pilot vaccine study 
was determination of the optimum time to biopsy a BTB 
inoculation site to discriminate between responses of 
vaccinated and unvaccinated animals. The preparation chosen 
as a badger vaccine will be distributed around setts in
moderate numbers of doses and the toxicity study described 
in this chapter was designed to investigate the safety of 
multiple doses.

The contents of this chapter are:
1. BTB inoculation site - the optimum time to biopsy.
2. Pilot vaccination study.
3. Vaccine toxicology study in guinea pigs.
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4.1. BTB inoculation site - the optimum -time to biopsy,
4.1.1. Introduction,

It was expected that histological examination of 
biopsies from sites of intradermal BTB challenge might 
differ between healthy non-vaccinated guinea pigs and those 
previously given BCG vaccination. This experiment 
determined the best time after challenge for biopsies to be 
taken which would discriminate between sensitised and non
sensitised animals. The information was used in the pilot 
vaccination study described in 4.2.

4.1.2. Methods.
Eight 4 month old, adult female Dunkin Hartley guinea 

pigs were used. Four had been donated by Glaxo
Laboratories, following vaccination with 106 BCG bacilli 
(Glaxo) at least 3 months before commencement of this 
experiment. All were housed and fed conventionally at the 
CVL, MAFF, New Haw.

7 days before challenge, the BCG vaccinated guinea pigs
were skin tested with Weybridge avian PPD prepared from
M.avium strain D4ER and Weybridge bovine PPD prepared from
BTB strain AN5. The doses given were 0.1 ml of 0.0125 and
0.02 mg protein/ml of saline respectively, given
intradermally into the anterior and posterior portions of
the shaved left flank. Diameters of induration and erythema
were noted after 48 hours. After this, all guinea pigs
were intradermally inoculated at four sites along the
shaved right flank, with 0.1 ml of saline containing 0.01
mg/ml of virulent BTB. Biopsies of the challenge sites were
taken from each guinea pig after 7, 14 and 34 days. All
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surgery was performed under Fluothane anaesthesia (ICI, 
Cheshire, UK) and wounds closed with 15 mm Michelle clips 
(Timesco, London). Occasionally slow healing of a 7 day 
biopsy site prevented biopsy at 14 days and so this was 
delayed until 21 days.

All guinea pigs were killed using pentobarbitone disodium
i

(200mg/kg body weight) 34 days after challenge.
Spleen, liver, lung, precrural lymph node and 

inoculation sites were observed at autopsy.
Up to this point, the procedures at CVL were carried 

out by Fiona Stuart,MRCVS, B.Vet.Med., M.Sc.
From biopsies, sections were stained by haematoxylin

and eosin (HE) and by Ziehl Neelsen (ZN) techniques and
examined for the presence of compact and loose epithelioid
cell granulomas (CECG, LECG), Langhans giant cells (LGC),
polymorphonuclear leukocytes (PMN) and acid fast bacilli
(AFB). Sections were cut and stained at the Pathology,
Department CVL, and examined by the author. Each cell or
tissue type was graded 0 - 3 ,  indicating a range of nil to
many cells or much granuloma formation.
Grading of numbers of AFB was made as follows:
1+ = 1 AFB/10 fields.
2+  =  10 "
3+ = 100 "
4+ = 1000 "
5+ = 10000 "
Student's t test at a 5% significance level determined 
differences in the histological response between the 
vaccinated and unvaccinated guinea pigs.
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4.1,3, Results.
4.1.3.1, Skin tests.

Diameter of induration (mm).
Guinea pig. Avian PPD. Bovine PPD. Excess of bovine

to avian PPD.
3954 10 18 8
3996 12 16 4
3988 10 16 6
3998 12 20 8

Unvaccinated guinea pigs were not skin tested.
Table 4.1. Diameter of induration (mm) of Glaxo BCG 

vaccinated guinea pigs prior to inoculation 
with BTB.
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4.1.3,2. Observation of BTB inoculation sites.
As all sites of each individual guinea pig were similar in 
appearance, only one representative measure was taken.

Days.
Guinea. BCG. 7 14 21 34
pig.

3954 + 8mm lesion 1 site ulcerated,
(biopsied), 
other 2 sites 
raised with red 
lesions >10mm). Died 
under anaesthesia.

3996 + Less obvious
lesion, 6mm.

3998 + Red raised
lesion 10mm.

3988 + Red raised
lesion,8mm.

3984 - Raised lesion,
6mm.

3986 - Very slight
reaction.

3987 - Raised lesion,
6mm.

4000 - Raised lesion,
6mm.

+ = BCG vaccinate 
- = unvaccinated

No ulceration, * $
swollen,
(not biopsied).
All sites raised, * $
ulcerated (biopsied).
No ulceration, * $
(biopsied).
3 sites ulcerated, * $
(not biopsied).
2 sites ulcerated, * $
1 swollen site (abscess) 
(biopsied).
2 sites ulcerated, * $
swollen abscess 
(biopsied).
All sites * $
ulcerated,
(not biopsied).

* = By 21 days post challenge, all sites were ulcerated,
except 3996. No guinea pig sites biopsied at this 
time.

$ = By 34 days post challenge, all sites were ulcerated.

Table 4.2. Observation of guinea pig BTB inoculation 
sites.
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4.1.3.3. Histoloov of BTB inoculation sites.
Tissue
or cell type.

Days.
7 14 34

CECG
BCG Mean 1.25 1 1.6

sd 0.5 0 0.57
n 4 2 3

p<0.05 * * *
No BCG Mean 2 1.75 1.75

sd 0 0.35 1.25
n 4 2 4

LECG
BCG Mean 1.5 1.5 1

sd 0.57 0.7 0
n 4 2 3

***
No BCG Mean 1 1.5 1.5

sd 0.82 0.7 0.93
n 4 2 4

LGC
BCG Mean 0.75 0.5 1

sd 0.65 0.7 1
n 4 2 3

***
No BCG Mean 0.75 1.5 0.9

sd 0.64 0.7 0.75
n 4 2 4

PMN
BCG Mean 0.88 2 2

sd 0.48 0 1
n 4 2 3

***
No BCG Mean 1.3 2.5 1.75

sd 0.64 0.7 0.95
n 4 2 4

*** = most discriminative biopsy time.
Table 4.3. Histology of guinea pig BTB inoculation sites 

showing optimum time to biopsy.
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Tissue 
or cell type.

Days.
7 14 34

AFB
BCG Mean 1.5 0.25 0.33

sd 1 0.35 0.57
n 4

***
2 3

NO BCG Mean 2.5 1 0.38
sd 0 0 0.47
n 4 2 4

*** = most discriminative biopsy time.
Table 4.3. contd. Histology of guinea pig BTB inoculation

sites showing optimum time to biopsy.
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4,1,3.4, Autopsy observations■
Guinea
pig.
3996

3998

3988

3984

3986

3987

4000

Table 4

Guinea
pig.
3996

3998
3988 
3984
3986

3987 

4000 

Table

BCG. Spleen, Liver. Lungs

Nil

+ Many lesions

Two pinhead 
lesions.

Multiple
large
nodules
Multiple 
nodules.
Multiple 
nodules.

Multiple 
nodules.

One pinpoint 
lesion.
One pinpoint 
lesion.
Nil

Few pinpoint 
foci.

Multiple 
pinpoint foci.
Multiple 
pinpoint and 
large lesions.

Nil

Twelve 
lesions.
Two
pinpoint
lesions.
Few early 
lesions.

Nil.
Several
nodules

Few pinpoint Few pinpoint 
nodules. nodules

.4. Autopsy observation of guinea pig spleen, liver 
and lungs.

BCG. Precrural lymph nodes. Inoculation sites.

+

+
+

Abscess

Abscess
Abscess
Abscess
Nil.

Nil.

Nil.

Large ulcerated 
site >10mm.
Nil.
Nil.
Nil.

Large ulcerated 
site >10mm.

Inoc site large, 
ulcerated >10mm.

Nil.

4.5. Autopsy observation of precrural lymph nodes and 
BTB inoculation sites.
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4.1.4, Discussion,
This study has provided information necessary for 

subsequent studies involving histological examination of 
tuberculosis challenge sites in guinea pigs.
i. Skin testing of the vaccinated guinea pigs indicated an 
appreciable amount of cell mediated immunity. Although 
positive responses were made to both tuberculins indicating 
recognition of common antigens, the stronger responses to 
the bovine preparation could indicate recognition of 
species specific antigens, or may be due to the higher 
concentration of reagent used (0.02 compared with 0.0125 
mg/ml).

ii. The larger challenge sites of vaccinated guinea pigs 
seen at 7 days suggested a greater cellular infiltration or 
mediator release. At 14 days, challenge sites of both 
groups of guinea pigs were ulcerated to varying degrees, 
and no correlation with vaccination was observed. By 21 
days all sites of all animals were fully ulcerated. Based 
merely on observation, an optimum time to biopsy such sites 
would seem to be at 7 days following infection. However it 
is also important to know the identity of cells involved in 
the response before selecting the best biopsy time.

iii. A spectrum of immunological response in tuberculosis 
has been proposed by many workers (Rook, 1976; Lenzini et 
al., 1977? Shield et al.f 1977) although the relationship 
between delayed type hypersensitivity (DTH), cell mediated 
immunity and histology has never been fully resolved. 
Responses are determined by both the infecting agent and
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the host's immunity to it. Mild hypersensitivity may lead 
to transformation of macrophages to epithelioid cells. If, 
however, the hypersensitivity is stronger, then some 
macrophages may become Langhans giant cell (Mariano and 
Spector, 1974) and partially constitute the formation of a 
granuloma. The organisation of a granuloma is important in 
the interpretation of hypersensitivity (Epstein, 1967). The 
aetiology of the epithelioid cell granuloma has not been 
fully resolved, but signifies hypersensitivity (Epstein, 
1977) and can be classed as either "loose” or "compact". 
Most tuberculous granulomas are compact and may not
indicate hypersensitivity unless associated with Langhans 
giant cells. Necrosis, seen either as caseation or large 
areas of PMN infiltration, may follow intolerance of
antigen, resulting from toxicity or DTH.

In this study, Glaxo BCG vaccination led to a more 
rapid clearance of bacilli from inoculation sites, with 
maximum differentiation occurring at 7 days. This was 
accompanied by a few LGC, probably reflecting
elevated DTH, which was most evident 14 days post
challenge. More PMN were seen in the control group, with 
maximum divergence from the vaccinates again occurring 14 
days following challenge. PMN were not a major feature of 
the response of vaccinated animals until most AFB had 
disappeared. BCG vaccinates had least AFB at all times of 
biopsy ahd least PMN until 34 days after infection,
suggesting better control of the infection. CECG was more 
evident in the unvaccinated group at both 7 (p<0.05) and 14
days. LECG showed no difference between the two groups.
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♦Most AFB had been cleard from the tissues of the vaccinated 
animals, and few LGC were present 14 days after challenge.

In contrast, at this time in the non-vaccinated 
animals, numerous AFB and LGC were still present.

iv. At autopsy, lesions presumed to be tuberculous were 
seen in both vaccinated and control guinea pigs, although 
splenic and hepatic lesions were seen less in the former. 
Inoculation sites showed slightly less ulceration as a 
result of BCG vaccination.

In summary, from both the external and histological 
appearances of BTB challenge sites, the optimum time for 
observation of challenge sites was 7 days and the optimum 
time for biopsy was 14 days.
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4.2. Pilot vaccination study.
4.2.1. Introduction.

This study was fundamental to the design of the
subsequent badger vaccination study.

Following various vaccinations, the extent of cell 
mediated immunity induced was assessed by skin test, after 
which all guinea pigs were challenged with virulent BTB. 
Changes in cell mediated and humoral immunities were 
followed before and during infection by the LTT and
ELISA technigues respectively. Healing of the BTB challenge 
site was assessed by both measurement of induration and
histological examination of biopsies. Autopsy determined 
the extent of infection.

4.2.2. Methods.
44 guinea pigs similar to the unvaccinated animals 

described in 4.1.2. were used in this study and housed at 
CVL.
Each was assigned to one of seven vaccine groups:

Vaccine Bacilli Numbers
dose of

guinea pigs
Live M.vaccae (intradermal) 
Live Glaxo BCG (intradermal) 
Killed M.vaccae (oral).
Live M.vaccae (oral).
Killed Glaxo BCG (oral).
Live Glaxo BCG (oral).
No vaccine.

7
4 
7
5
7
6
8
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Intradermal M.vaccae and Glaxo BCG were given in 
either borate buffer (pH 8.0) or sterile water, 
respectively. Oral vaccines were given in 0.1 ml of a 50%
agueous solution of glycerol, using a plastic pastette. BCG
(Glaxo), (Evans Medical Ltd., Horsham, England) for oral 
use was grown on Sauton's medium solidified with 1% agar. 
M.vaccae for intradermal jor oral use was also grown
in this way. Bacilli for dead preparations were killed by 
autoclaving at 121°C for 15 min.

Guinea pigs were cardiopunctured 9 weeks after 
vaccination for LTT and ELISA. From each guinea pig, 2 ml 
of blood was taken into a Vacutainer (Becton Dickinson,U.K) 
under ether anaesthesia (during which several guinea pigs 
died). Half was allowed to clot for serum extraction, and 
the rest gently mixed with 10 units of mucous Heparin 
sodium, (Weddel, UK).

The LTT method used was based on that of Thorns et al.
(1982). The heparinised blood was added to 1 ml of
RPMI-1640 medium (Flow Labs. Ltd., Scotland) and layered 
onto 1 ml of lymphocyte separation medium (Lympholyte-M, 
Cedarlane Labs. Ltd., Canada) in a 1.3x10 ml tube (Falcon, 
USA). This was spun at 1700 rpm for 30 min at room 
temperature. Foetal calf serum (Flow Labs. Ltd., Scotland) 
diluted to a final volume of 10% in RPMI-1640, was used to 
precoat several wells of a disposable microtitre plate 
(Nunc, Denmark) which was incubated at 37°C for 25 min. 
After centrifugation, the white cell band was removed, 
washed in heparinised RPMI-1640 medium and any 
contaminating erythrocytes lysed by the addition of
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ammonium chloride solution (pH 7.4). After washing twice,
the cell concentration was adjusted to a final figure of
106/0.05 ml/ well. Concentrations of antigens used were;

Whole live Glaxo BCG 8xl06/ml
Bovine PPD O.OOlmg/ml
New tuberculin (Nt) O.OOlmg/ml
Autoclaved M.vaccae R877R 1.4x10 /ml

0.05 ml of RPMI-1640 replaced antigen in control wells.
After 4 days incubation with 5% C02 at 37°C, cells in 

each well were pulsed with 0.0001 mCi of 3H thymidine 
(Amersham International, UK) and incubated for a further 18 
hours. Pulsed cells were harvested and counted, with
results expressed as "stimulation index" (S.I.) as 
previously described (Mahmood, 1985).

The procedure for conducting the solid phase ELISA was
essentially as described by Nassau et al. (1976). Antigens
used included: New tuberculin, Kansasin, Gordonin, Aviumin
A and C, Xenopin, Vaccin, Diernhoferin, Rhodesin, Flavescin
and Neoaurumin. Each was prepared by the method previously
described (Paul et al. . 1975), and used at 0.01 mg/ml
concentration. Serum was diluted at 1:1000 and rabbit anti
guinea pig immunoglobulins (conjugated to horseradish
peroxidase (Dakopatts, Denmark)^ at 1:800. Results were
expressed as absorbance units, following reading at 650 nm
using a micro ELISA auto-reader (Dynatech Labs., Ltd.,
Sussex). Each ELISA run was standardised to the preceding
one by inclusion of control serum samples previously giving
high and low absorbance values for each antigen.
Surviving"guinea pigs were skin tested as described.
earlier, 10 weeks after vaccination. After measurement of

reactions, all were intradermally challenged in both
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clipped flanks, with 0.01 mg/ml of BTB suspended in 0.1 ml 
sterile phosphate buffered saline (PBS, pH 7.4). After 7 
days, the diameter of induration of one of the inoculation 
sites of two guinea pigs from each vaccine group was 
measured and biopsied.
At 6 weeks after infection, several guinea pigs from each 

vaccine group were again cardiopunctured for LTT and ELISA 
and all guinea pigs were killed and autopsied. Although 
pathology of individual organs was not detailed, overall 
organ involvement, with respect to suspected tubercle 
formation, was graded as 0 - 4, 0 indicating no tubercles
land 4 indicating many seen.

Of the techniques described, those performed by Fiona 
Stuart included: intradermal vaccination, inoculation with
BTB and measurements of these sites, blood sampling, skin 
testing, biopsy and autopsy.

Fig. 4.1. summarises the experimental protocol.
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Guinea pigs 
Vaccinated

^  9 weeks.
LTT and ELISA

^  1 week.
Skin test

^  3 days.
Challenged with BTB.4 1 week..
Measure and biopsy challenge 
sites.

5 weeks.

All guinea pigs killed and autopsied. 
LTT and ELISA.

Fig. 4.1. Experiment protocol for pilot vaccine study in 
guinea pigs.

4.2.3. Results.
4.2.3.1. Skin test.

None of the guinea pigs vaccinated orally or 
intradermally with live M.vaccae. live or killed oral 
BCG, responded to either skin test reagent 10 weeks after 
vaccination. All 4 animals receiving live BCG
intradermally were positive to avian PPD (11.5 +/- 1 mm)
and bovine PPD (17 +/- 1.2 mm). Of the 7 animals receiving 
oral killed M.vaccae. 5 were non-responders and 2 responded 
to both avian PPD (10 +/- 0 mm) and bovine PPD (15 +/- 1 
mm).

+/- = standard deviation.
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4.2.3.2, Measurement of induration of BTB inoculation sites 
and histological examination.

Vaccine- Gp. Diameter CECG. LECG. LGC. AFB. PMN.
(mm).

M.vaccae 4034 8 E 1 2 1.5 3.5 1
(i/d) . 2989 10 E 2 2 1 1 0
Mean 9 1.5 2 1.3 2.3 0.5
Sd 1.4 0.7 0 0.35 1.7 0.7
n=2

BCG 4007* 8 E 2.5 0 2 2 2
(i/d). 4039* 6 E 2 1 1 2 2.5
Mean 7 2.3 0.5 1.5 2 2.3
sd 1.4 0.35 0.7 0.7 0 0.35

Killed 2957* 8 E
M.vaccae 4036 8 E
(oral)

3.5
2.5

Mean
sd
n=2

1.5
0.7

1.5
0.7

3
0.7

2.5
0.7

Live 4041 8
M.vaccae 4038 6
(oral)

3
2.5

Mean
sd
n=2

7
1.4

1.5
0.7

2.7
0.3

Killed
BCG
(oral)

4022
2919

8 E 
8 E

3
3.5

1
1.5

Mean
sd
n=2

2.5
0.7

1.5
0.7

1
1.4

3.3
0.3

1.3
0.3

Gp = guinea pig, E = erythema, * = previous skin test
positive animals.

Table 4.6. Diameter of induration (mm) and histological 
examination of BTB inoculation site after 7 
days.



Vaccine. Gp. Diameter CECG. LECG. LGC. AFB. PMN
(mm).

Live 2941 10 E 3 1 0 4 2
BCG 4004 10 2 0 1 4 1
(oral)
Mean 10 2.5 0.5 0.5 4 1.5
sd 0 0.7 0.7 0 . 7 0  0.7
n=2

Control 4049
4011

6 E 
4

Mean
sd
n=2

5
1.4

1.5
0.7

1
1.4

0.5
0.7

E = erythema, * = previous skin test positive animals.
Table 4.6. contd. Diameter of induration (mm)

histological examination of 
inoculation site after 7 days.

and
BTB
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4.2.3.3. Lymphocyte transformation test (LTT1.
LTT data are summarised in table 4.7.

BCG PPD Nt M.vaccae
PV PI PV PI PV PI PV PI

M.vaccae
(i/d)
Mean 0.59 - 0.76 - 0.42 0.4 0.75 0.45
sd 0.4 - 0.76 - 0.24 0.14
n 3 — 2 — 3 1 3 1
BCG
(i/d)
Mean 0.65 0.9 1.3 0.8 0.83 4.8 0.81 2.3
sd 0.35 0.1 0.27
n 2 1 1 1 2 1 2 1
Killed
M.vaccae
(oral) *
Mean 1.2 4.8 5.7 1.0 1.2 0.42 1.4 -

sd 0.69 7.18 0.12 0.61 -

n 3 1 3 1 3 1 3 —
Live
M.vaccae
(oral)
Mean 1.2 3.0 0.64 0.9 0.61 1.8 0.84 2.1
sd 1.2 0.25 0.35
n 4 1 1 1 3 1 4 1
Killed
BCG
(oral)
Mean 0.93 - 1.1 - 1.25 0.63 1.0 1.57
sd 0.52 - - 0.21 0.97 1.32
n 2 — 1 — 2 1 2 2
Live
BCG
(oral)
Mean 0.76 1.9 0.65 2.0 1.97 0.86 1.26 1.95
sd 0.47 0.35 1.87 0.08 0.62 0.49
n 3 1 2 1 3 2 4 2
Control
Mean 0.78 2.1 0.83 2.6 1.0 1.15 0.83 -

sd 0.57 0.43 0.71 0.07 0.56 -

n 6 1 6 1 6 2 6 -

PV = post vaccination, PI = post infection.
* = mean includes one aberrant guinea pig with a post

vaccination PPD S.I of 14.
= lymphocytes died during assay.

Table 4.7. Guinea pig LTT results (S.I.).
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Only those animals vaccinated with oral killed or live 
M.vaccae showed stimulation to BCG antigen, the responses 
of which were greater than non-vaccinates. (No post 
infection values were available for intradermal M.vaccae 
and oral killed BCG). Oral killed M.vaccae vaccinates 
showed the largest responses to BCG antigen in the LTT.

As seen for LTT using the lymphocytes of other animal 
species, whole live BCG when used as LTT antigens gave 
a greater response than soluble antigens. Responses 
increasing as a result of vaccination included those to 
BCG antigen after vaccination with oral killed and live 
M.vaccae. oral live BCG and controls. Similarly responses 
to Nt antigen followed vaccination with intradermal BCG and
oral live M.vaccae. Response which increased between
vaccination and infection and elicited to PPD antigen, 
followed vaccination with oral live BCG and controls. A 
large fall in response was seen in those vaccinated with 
oral killed M.vaccae. Slight responses to whole M.vaccae.
when used as LTT antigen, followed infection of all
vaccinates except those given intradermal M.vaccae (no post 
infection values were available for those vaccinated with 
oral killed M.vaccae and unvaccinated guinea pigs).

4.2,3.4. ELISA.
Absorbance values for each vaccine group are shown in 

appendix 4.1. Mainly vaccination led to responses which 
were higher than those of unvaccinated guinea pigs (with 
the exception of those given M.vaccae by mouth, whose 
responses were either equal to or less than unvaccinated
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guinea pigs). Intradermal vaccination led to the formation 
of greater amounts of antibody than oral vaccination.

During infection, most antibody responses rose to most 
of the antigens tested. Antibodies of guinea pigs
vaccinated intradermally fell. As responses between 
antigens were all very similar, much of the response must 
have been to the shared mycobacterial antigens, the 
recognition of which rose on infection, and was boosted by 
vaccination. There was no correlation between vaccination 
and induction of antibodies to specifically slow or fast 
growing mycobacterial species.
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4.2.3.5. Autopsy observations.
Vaccine Guinea Severity Vaccine Guinea Severity
group, pig- of group. pig- of

tuberc- tuberc
ulosis. ulosis.

M.vaccae 
(i/d)

4001
2989
4034
4029
4046
2987
4024

Killed
BCG
(oral)

4022
4033
4018
4043
2940
4037

2
3
3
2
1
2.5

mean
sd
n

2.6
0.7
7

mean
sd
n

2.3
0.75
6

BCG * 4014
(i/d) 4007

4039
mean
sd
n

Killed ** 4036 
M.vaccae 2991 
(oral) 2957 

2970 
2975 
4048
mean
sd
n

1.5
0.75
1
1.1
0.38
3

75
5 
7
6

Live 
BCG 
(oral)

2941
4004
4047
4023
2923
4003
mean
sd
n

Control 4032 
4017
4011 
4049
4012 
4027 
4040

2
3 
1
4 
1 
3
2.3
1.2
6

Live 4013
M.vaccae 4038 
(oral) 2958

2952

mean
sd
n

2.6
0.7
8

mean
sd
n

2
0.8
4

* and ** = significant difference between this vaccine
group and control group (p<0.002 and p<0.02 respectively).

Table 4.8. Degree of tubercle formation
guinea pig body.

throughout
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4.2,4. Discussion.

i. Only guinea pigs vaccinated with intradermal BCG (plus 2 
given oral killed M.vaccae) gave positive skin test

responses to bovine and avian PPDs. Responses illustrated 
recognition of the common mycobacterial antigens, and the 
excess response to bovine PPD may have been due to the 
larger dose used. Why two members of the oral killed 
M.vaccae vaccinated group should show positive skin tests 
is not known. The responses are thought to result from 
better recognition of casually met mycobacteria after 
vaccination. Autopsy of these two guinea pigs, indicated 
less progression of disease than 3 of the 4 others in the 
group.

ii. Only guinea pigs vaccinated with oral live BCG showed 
significantly different, in this case larger, challenge 
sites when compared to control guinea pigs (p<0.05). When 
results of all the vaccine groups were pooled they became 
very significantly larger than the controls (P<0.005). 
Evaluation of the histological responses was very difficult 
although those vaccinated with intradermal BCG showed 
significantly greater amounts of CECG than controls 
(p<0.05), and guinea pigs vaccinated with intradermal 
M.vaccae significantly more LGC (p<0.05).

iii. S.I.s obtained were not very high when compared (with 
other animal species studied in this thesis, although they 
were similar to those previously reported for the guinea 
pig (Thorns et al.. 1982).

Several problems were encountered during performance of
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jthat might
the guinea pig LTT . have contributed to the lowA
S.I.s seen. Primarily, lymphocyte numbers obtained were 
both small and inconsistent. The necessary lymphocyte 
concentration used led to small numbers of wells being 
available for study. Perhaps fewer antigens should have 
been used. The "hanging drop” technique using small numbers 
of cells may be an alternative (Farrant et al.. 1980).
Lymphocyte separation was also problematical, with density 
separation media designed for isolation of human and
mouse lymphocytes only being available. The use of the 
latter led to greater LTT values, but with erythrocyte and 
PMN contamination. Contamination with the latter may have 
led to the removal of antigen by phagocytosis, resulting in 
unstimulated lymphocytes being less able to survive in 
vitro (G.A.W Rook, personal communication). Potent 
chemicals released from the degeneration of contaminating 
cells could also affect the LTT. "Kurloff's corpuscles" 
(Ledingham, 1940), often present within guinea pig 
lymphocytes, may also have led to interference with cell 
separation. Additionally, guinea pig platelets readily 
clump (Schermer, 1967) trapping lymphocytes. Clumping was 
encountered in this study, even when blood was collected 
into heparin and washed in heparinised medium. Mahmood has 
made further suggestions for failure of the LTT (Mahmood, 
1985).

From the data described, vaccination with oral killed
and live M.vaccae has been seen to augment slightly priming
of memory T lymphocytes which already respond to the common
mycobacterial antigens. On infectious challenge, these
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cells were seen to be capable of proliferation.

iv. In man the production of antibody during mycobacterial 
disease has not previously been associated with immunity. 
Contact with environmental mycobacteria can induce 
antibody, which it is now thought may influence the 
position of a tuberculous individual in the spectrum of 
mycobacterial disease (Lyons and Naafs, 1987) and may be 
more important than previously thought. In this pilot 
vaccination study, intradermal vaccination led to greater 
production of mycobacterial antibodies as compared with oral 
vaccinates. Much of the response was to the common 
mycobacterial antigens, which was boosted on infection. It 
is interesting to note that although guinea pigs vaccinated 
orally with M.vaccae had less antibody than unvaccinated 
guinea pigs following vaccination, this was boosted on 
infection. Such an increased recognition of the common 
mycobacterial antigens may indicate enhanced immunity to 
tuberculosis.

v. The final aim of a vaccine is to prevent the
establishment of infection. As the dose of BTB given to
these guinea pigs was large, evaluation of vaccine efficacy
at autopsy was based upon limitation of disease progression
only (table 4.8.). All vaccine groups, except those
vaccinated with intradermal M.vaccae showed less pathology
than the control animals. This was only significant for
guinea pigs vaccinated with intradermal BCG and oral killed
M.vaccae (p<0.002 and <0.02 respectively) although there
was a lot of variation amongst those animals vaccinated
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with oral killed M.vaccae.
To summarise the results of this pilot

experiment, variation in immune response following 
vaccination with various mycobacterial vaccines has been 
seen, none of which would adversely affect a repeat of this 
study in a valuable captive badger colony. IThe influence of 
vaccination with oral killed M.vaccae was studied with 
particular interest. It limited the spread of tuberculosis 
within the bodies of the guinea pigs in this study, boosted 
their response to the shared mycobacterial antigen and 
caused their lymphocytes to proliferate in the presence of 
whole live BCG during infection.

The influence of oral killed M.vaccae on the badger's 
immunity to tuberculosis is described in Chapter 7.
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4.3, Vaccine toxicity study in guinea pias.
4.3.1. Introduction.

Evidence has accumulated from both the pilot vaccine 
study and the captive badger study (described in Chapter 7) 
that oral killed M.vaccae may limit spread of tuberculosis. 
As this vaccine may be consumed in more than 1 dose in the 
wild its safety in multiple doses must be assured. In this 
guinea pig study, toxicity was monitored by changes in 
weight and behaviour.

4.3.2. Method.
Four 4 month old female Dunkin Hartley guinea pigs were 

housed and fed conventionally. The vaccine preparation 
given was based on that whose manufacture is described in

9Chapter 9. Double doses of vaccine (containing 2x10 
M.vaccae) were mixed with 0.6 ml of sterile water. For 
physiological reasons, only one dose of lactose was given. 
Two guinea pigs were given this preparation, and the other 
two the same but excluding M.vaccae . All guinea pigs had 
been starved overnight prior to dosing, with food replaced 
1 hour afterwards. Their weight and behaviour (based on the 
criteria applied to mice, table 5.1.) were recorded for 4 
days prior to, and 7 days following, dosing.

ticPreparations which exclude M.vaccae will be referred to as 
"placebo" although this is not used strictly in the 
accepted sense.
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4.3.3. Results.
No abnormality in behaviour was seen for any of the 

guinea pigs studied. Weight of both placebo and vaccine 
treated guinea pigs increased similarly over the study 
period, rising even before treatment but never being 
abnormal (appendix 4.2.). The mean increase in weight over 
12 days was 13.6% for the vaccinated animals and 14.8% for 
the placebo treated animals. These guinea pigs had recently 
been acquired and quite large losses of weight can result 
from transit. A period of readjustment may have accounted 
for the weight gain seen (Porcellus, England, personal 
communication).

4.3.4. Discussion.
Toxicity studies, based purely on observation of guinea 

pig behaviour, may be limited as this species is quite 
sedentary. However, within the limitations of this study, 
no acute toxicity can be attributed to either the active 
part of the badger vaccine (M.vaccae  ̂ or the other 
constituents, in double dosage. Potential toxicity arising 
from the interaction of the preparation constituents within 
the gut environment was not evident. Toxicity testing in 
animals will be discussed further in a more extensive study 
performed in mice (Chapter 5.1.).

4.4. Conclusions of Chapter 4.
This chapter has illustrated that the vaccines which

were to be tested in a captive badger study posed no likely
threat to the badgers. Modulation of the immune response
followed their administration using the methods described
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for the guinea pigs.
The potential for oral killed M.vaccae to induce 

cellular immunity to tuberculosis has been shown in 
Chapter 3 by others, and is worth further investigation. 
Any oral vaccine, for use in the wild, may be consumed in 
more than 1 dose and although a simple double dose test did 
not demonstrate toxicity, further toxicity studies in other 
species, including the badger, are described later.
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CHAPTER 5.

VACCINE STUDIES IN THE MOUSE.
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CHAPTER 5.
VACCINE STUDIES IN THE MOUSE.

This chapter describes possible toxic effects of various 
doses of oral killed M.vaccae. The study was extended to 
investigate foot pad responses of these mice following BCG 
challenge, which may predict the immune response of the 
"over-vaccinated” badger to tuberculosis.

5.1. Vaccine toxicity study.
5.1.1. Introduction.

In this study, various doses of M.vaccae were given to 
mice to determine any toxicity. As excretion rate of a 
substance may determine its toxicity and this was also 
investigated. Autopsy of some of the mice was performed to 
detect any macroscopic toxic effect on organs and some of 
the mice were later included in the BCG challenge study.

5.1.2. Method.
Twenty four 4 month old male mice were housed and fed

conventionally, and assigned to four dosage groups of 6
mice each.

suspension
A o.l mlAOf water containing either 0 (controls), 10 (1

vaccine dose) 5xl010 or 2X1011 autoclaved M.vaccae was
administered by gavage, under C02 anaesthesia, using a
stainless steel blunt ended cannula. All mice had been
starved for 17 hours prior to treatment, but food was
replaced 1 hour after dosing. Mice were weighed and
observed according to table 5.1. at daily intervals, for 6
days prior to, and 8 days following, dose administration.

One mouse from each group, although dosed, was not
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observed or weighed as it was to be included in the 
excretion study. Faecal samples from the representatives of 
each dosage group were collected for 3 hours prior to 
dosing and at hourly intervals for 15 hours following it.collection
There was no collection for the next 8 hours but thenA
recommenced for 3 hours. Faeces were homogenised and
centrifuged, and the supernatant stained by ZN. Numbers of

AtAFB were graded on a scale of 0 - 5.^26 hours after gavage, 
mice from the excretion study were autopsied. The remaining 
20 mice then entered the BCG challenge study.
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1). Activity.
2). Abnormal movement.

3). Prostration.
4). Tremors.
5). Ataxia.
6). Convulsions.
7). Paralysis.
8). Somatic response.

9). Defaecation.

10). Urination.
11). Respiration.
12). Cyanosis.
13). Piloerection.
14). Salivation.
15). Nasal/ear discharge.
16). Sensitivity to sound. -
17). Phonation.
18). Aggressive behaviour.
19). Exophthalmus.
20). Eye irritation.

21). Photophobia.

increased/decreased
aimless wandering
backward movement
waltzing
nuzzling
licking
circling
loss of consciousness
rest and movement 
movement only

rubbing nose 
increased scratching 
writhing
increased/decreased
diarrhoea
melaena
increased
dyspnoea
apnoea

increased
increased/decreased/normal
towards each other 
towards humans
opacity
increased blinking
inflammation
lacrimation

Table 5.1. Physical and behavioural criteria for mice in 
the toxicity study (scheme based on Loomis, 
1978).
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5.1.3, Results.
i. Only two of the mice showed any of the signs listed in 
table 5.1. Mouse 3, which received 2X1011 M.vaccae. 
recovered rather slowly from anaesthesia, and once 
conscious was subdued. Within 24 hours it was 
indistinguishable from the majority and this slow recovery 
was considered to be due solely to the anaesthetic or 
gavaging procedure, not to the M.vaccae. Two days after 
gavage, one mouse from the group which had received water 
alone developed paralysis of the rear legs and was killed. 
No reason for its disability was found. This mouse was 
replaced by one of the same age, sex, strain and weight.

ii. Figs. 5.1a and 5.1b show percentage changes in mouse 
weights throughout the study. All mice lost weight on the 
day of dosing, following overnight starvation, and mouse 3 
described above fluctuated in weight throughout the study. 
Weight loss of the 200 dose group was seen at 4 days prior 
to and 7 days after dosing and this coincided with 
overnight leakage of the water bottle, resulting in 
temporarily distressed mice.

Generally percentage change in body weights did not 
differ between vaccine dose groups or with mice receiving 
no vaccine. Data are shown in appendix 5.1.

iii. A pattern of excretion of M.vaccae is shown in
fig. 5.2. Biphasic excretion occurred, with maximum and
minimum levels of excretion being dependent on dose. Much
excretion occurred 6 - 9  hours after dosing. Excretion of
M.vaccae at 200 vaccine doses continued within detectable
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limits for 12 hours, but only for 9 and 7 hours for the 50 
and 1 dose mice. No AFB were seen in the faeces of control 
mice.

iv. No abnormality or variation from the untreated mouse 
was observed at autopsy.
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Fig. 5.1a. % change in mouse weight (0, 1 and 50 vaccine
doses).
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Fig. 5.1b. % change in mouse weight (including and
excluding 200 vaccine doses).
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Fig. 5.2. Faecal excretion of M .vaccae by mice.
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5,1.4. Discussion.
This study has demonstrated a lack of toxicity attached 

to increasing doses of killed M.vaccae - up to 200 vaccine 
doses. Mouse behaviour and weight change were used as 
indicators of toxicity, any abnormality being seen 
relatively easily in this species, as it is more active and 
socially interactive than the guinea pig. However, unlike 
the guinea pig study, toxicity arising from the combination 
of the constituents of the vaccine formulation within the 
gut was not investigated in the mouse. The large doses 
needed made this physiologically impossible.

No change in either weight or mouse behaviour followed 
dosage, except for daily variation in the former.

The duration that any substance remains in the body 
before being excreted in faeces may determine how toxic it 
is, those remaining longest having more time to exert toxic 
effects. In this study M.vaccae remained in the body for 9- 
12 hours after administration, enough time for toxic 
effects to be shown. No changes were seen in any of the 
animals at necropsy ̂

In the wild, tuberculous badgers may consume this 
vaccine. Guinea pigs and mice involved in the toxicity 
studies were healthy and its effect on a tuberculous animal 
is unknown. Perhaps infected guinea pigs or mice should 
also have been included. The influence of infection 
following vaccination has however been investigated and is 
described later in this chapter.

Both the guinea pig and the mouse studies described 
in this thesis attempted to predict potential toxic effects
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in the wild badger. Molecules are absorbed, distributed, 
metabolised, and excreted in a way peculiar to each species 
and the targets or receptors on which chemicals interact to 
elicit toxic effects frequently differ between species both 
quantitatively and qualitatively. The conclusions from 
these two studies should therefore be extrapolated to the 
wild badger with caution.
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5.2. BCG challenge and skin testing of vaccinated mice.
5.2.1. Introduction.

This is a study of immunological priming. Mice from the
"Vaccine toxicity study" (5.1.), previously vaccinated with
various doses of killed M.vaccae. were challenged with
intradermal BCG and foot pads skin tested with Vaccin and
New tuberculin to determine any influence of vaccination on
response. Culture of BCG challenge sites was made at
necropsy also, in an attempt to reveal any modification by

also
vaccination. Antibody response was determined by ELISA^at 
this time.

5.2.2. Methods.
The 20 male mice used were those from the study 

described in 5.1. (ie. 5 mice from each dosage group). In
addition 5 mice of the same age, sex and strain were also 
included to be left untreated and act as controls for 
normal variation in footpad size (FPS) and appearance at
necropsy,

g inAt 44 days following oral administration of 0, 10 , 5x10 
and 2X1011 M.vaccae bacilli, all but the 5 control mice
were given 106 viable units of Glaxo BCG suspended in 0.025
ml borate buffer. This was injected into the left rear

The same volume alonefootpad. of borate buffer was similarly injecteda
into the right rear footpad to act as a
control. The thickness of both rear footpads of all mice
was measured before, and at 7, 24, 29, 48, 55, 96 and 120
hours following administration of BCG, using a spring
loaded engineer's micro gauge. All mice were ether
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anaesthetised for injection throughout the study.
At 93 days after challenge, 0.02 ml of Vaccin and New

m # # tuberculin at 0.02 mg/ml and 0.002 mg/ml were injected
intradermally into the right and left rear footpads
respectively of all mice. Rear FPS were measured before and
at 19, 26, 43, 66, 81, 106, 133 and 181 hours after skin
testing. (New tuberculin was injected into the same foot
as the BCG).
At 117 days following dosing, all 25 mice were killed by

C02 inhalation and autopsied. Popliteal lymph nodes and 
left rear footpads were removed and separately homogenised. 
Direct smears were stained by ZN. Cultures made on 
Lowenstein Jensen medium were incubated for 6 weeks and any 
growth stained as above. The ELISA method used for 
detection of antibody was identical to that described in 
Chapter 4, except that mouse serum was used at a dilution
of 1:200 and rabbit anti-mouse antibody conjugated to 
horseradish peroxidase (Dakopatts, Denmark), at 1:1000. 
Antigens used were New tuberculin and Vaccin, both at 0.01 
mg/ml.
The Experimental protocol is shown in fig. 5.3.
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Mice orally vaccinated with 
various doses of killed
M.vaccae

Dose 0 
of (5)
M.vaccae.

CIO)

Totally
untreated

39 days

10 intradermal Glaxo BCG - left footpad
Measure FPS (both rear feet) for 120 hours

63 days!Skin test
Measure FPS (both rear feet) for 375 hours

New tuberculin 
(Lt. footpad)

Vaccin 
(Rt. footpad)

16 days

Autopsy all mice and culture popliteal 
lymph nodes and left footpads 

+ ELISA.

FPS = Footpad size.
Lt. = left, Rt. = right.
( ) = numbers of mice.
Fig. 5.3. Experimental protocol for mouse Glaxo BCG 

challenge and skin test study.
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5.2.3, Results.
5.2.3.1. Changes in footpad size after intradermal BCG.

Over the first 60 hours following injection of BCG,
swelling of the foot was very similar between the 
M.vaccae vaccinated and unvaccinated mice (see fig. 5.4.). 
This was just as true for those receiving 1 dose of 
M.vaccae as for those receiving 200 doses. After this time, 
swelling became least in the unvaccinated and 1 dose mice. 
Percentage change in FPS is shown in appendix 5.2.

5.2.3.2. Foot pad swelling tests.
a. Responses to Vaccin (see fig. 5.5.).
This test was carried out in the previously unchallenged
right hind foot pad. All vaccine dose groups showed a peak
of swelling by 20 hours, all to a similar degree. By 40
hours, responses were starting to decline with the swelling
of unvaccinated mice starting to fall below the other dose
groups (whose responses were still very similar to each
other). A secondary peak in response occurred between 60
and 106 hours. Thereafter all groups maintained a near
constant plateau with the 50 and 200 vaccine dosed mice(2-9 x)
showing similar degrees of swelling, which were in excessA 

that shown by the single dose and unvaccinated mice. 
Percentage change in FPS is shown in appendix 5.3.

b. Responses to New tuberculin (see fig. 5.6.).
This test was carried out in the foot pad that had

received 106 viable units of BCG 63 days earlier, and gave
much larger responses than Vaccin. All groups showed a peak
between 15 and 30 hours and a second peak between 70 and 85
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hours. A deep trough followed the second peak and 
thereafter a high plateau occurred between 120 hours and 
the final reading at 325 hours. Before 66 hours, severity • 
of swelling was inversely related to the vaccine dose, 
although unvaccinated mice had, as expected, least 
response. After this time, responses were greatest for the 
50 dose mice and least for unvaccinated mice. Swellings of 
the footpad of 50 and 200 vaccine dosed mice were very 
similar. After 133 hours, all responses plateaued and 
became very similar, except for the unvaccinated mice which t 
consistently showed less swelling.
Percentage change in foot pad size is shown in appendix
5.4.

5.2.3.3. Autopsy observations, culture and ELISA.
There was no variation in the macroscopic appearance of 

organs from various dose groups and these were not 
different from untreated mice. No AFB were detected in 
smears made from either popliteal lymph nodes or footpads, 
but were cultured from the former of all BCG challenged 
mice.

ELISA data for each vaccine dose are shown for Vaccin 
and New tuberculin in table 5.2.

106



Vaccine dose. Antigen.
Vaccin

0 0.08 +/- 0.005
n=4

1 0.084 +/- 0.086
n=4

50 0.07 +/- 0.02
n=4

200 0.09 +/- 0.04
n=4

Table 5.2. Mouse antibodies at autopsy.

New tuberculin 

0.08 +/- 0.03

0.06 +/- 0.02

0.048 +/- 0.045

0.07+/” 0.04
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5.2,4, Discussion,
i. Generally, foot pad responses between mice given various 
doses of vaccine were very similar. However, after an 
initial peak at 7 hours post injection footpad swelling 
decreased, occurring rapidly in mice given 1 and nil doses 
of vaccine. This may have been due to less infiltration by 
sensitised cells.

ii. Subsequent foot pad testing of mice with Vaccin and New 
tuberculin revealed modification of DTH, resulting from the 
ingestion of various doses of M.vaccae. The increased 
activity seen to New tuberculin as compared to Vaccin, is 
almost certainly the result of the test being carried out 
in the BCG challenged foot, which also explains the marked 
residual swelling left after the test. The results of 
these tests are most interesting. Although the 20 hour 
responses to Vaccin were very similar between the vaccine 
doses, a stepwise response to New tuberculin was seen, with 
200 vaccine doses giving the least response. This could be 
interpreted as some form of suppression in the numbers of 
infiltrating cells, but is more likely to result from 
better controlled release of cytokines to small "skin test 
type" antigen doses. Immunocytometry would be required to 
resolve this.

iii. In this study, increasing doses of oral M.vaccae 
did not appear to modify humoral response to reagents made 
from either the vaccinating and challenging mycobacterial 
species.
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5.3. Conclusions of Chapter 5.
Killed M.vaccae is safe when multiple doses are given

to mice and this would agree with the guinea pig, calf and
badger studies also reported in this thesis.

Cellular responses are influenced by vaccination, the
extent of which is dose dependent. However there is no

1 whichevidence to suggest that badgers ^  eat large doses of 
vaccine would experience any undermining of their immune 
response to tuberculosis.
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CHAPTER 6.
VARIATION IN THE PRESENTATION OF M.VACCAE ANTIGENS.

6.1. Introduction.
In this chapter two methods of killing M.vaccae and the 

influence of the vehicle used to present its antigens to 
the immune system are investigated.

As concluded from the captive badger vaccination study, 
killed M.vaccae has considerable immunising potential. 
However, the morphological change undergone by mycobacteria 
at death and quantitative or qualitative changes taking 
place in antigenic composition have not been investigated. 
If antigenic changes do occur after killing, the influence 
of the vehicle used to carry the bacilli may also be 
important.

Guinea pigs were vaccinated by either the intradermal 
or oral routes with M.vaccae which had been killed by 
autoclaving or by gamma irradiation. Bacilli given by the 
oral route were presented as an oil emulsion or in water.

Following challenge with Pasteur BCG, healing and 
cellular responses at inoculation sites were studied. 
LTT, ELISA and skin tests were periodically performed 
throughout the study, at the end of which all guinea pigs 
were killed and autopsied.

A plan of the experiment is shown in figs. 6.1. and
6.2.
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LTT + ELISA

ciri+I
Vaccination

LTT + ELISA

4 weeks

8 weeks

8 weeks
Skin"test 1 + LTT + ELISA

^  20 weeks
Infection with Pasteur BCG 
(40 weeks after vaccination)

BioosvDS\

I
Skin test 2.

1

2 weeks

22 weeks

14 weeks
Autopsy + ELISA 

(38 weeks after infection)

Fig. 6.1. Experiment protocol for M.vaccae antigen 
presentation study.

Vaccine 
route:

Killed
by:

Vehicle:

Guinea pigs.

NilOralIntradermal
(6 )/ ( 26K

/ \
(6 )

Gamma Autoclaved Gamma Autoclaved
irradiation (3) irradiation (13)

(3) /  (13)

Borate buffer 
(3+3)

/ Aoil water* oil water*
(7) (6) (7) (6)

( ) = numbers of guinea pigs * = sterile distilled
water.

Fig. 6.2. Vaccination regime for M.vaccae antigen 
presentation study.
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6.2. Methods.
6.2,1, Vaccination, infection and biopsy.

38 young female Dunkin Hartley guinea pigs were housed 
and fed conventionally. Each was assigned to one of seven 
treatment groups shown below:

Groups 1 - 4 :  oral vaccines:
Group 1 Gamma irradiated M.vaccae given in water 

(gamma/water/oral)
2 # «»• it ti mi ii oil

(gamma/oil/oral)
3 Autoclaved tMt ,,M ” water

(auto/water/oral)
4 n mi mi it oil

(auto/oil/oral)
Group 5 - 6 :  intradermal vaccines:
Group 5 Gamma irradiated M.vaccae 

(gamma/id)
6 Autoclaved M.vaccae 

(auto/id)
Group 7: No vaccine

(cont.)
M.vaccae strain R877R was harvested from Sauton's 

medium on which it had been grown in the logarithmic phase 
at 32°C. Numbers of bacilli were estimated by wet weight,

• . Q1 mg being taken as equivalent to 10 M.vaccae. The 
bacterial mass was rendered into a single cell suspension 
by mixing with sterile water and forcing through a 
disposable 1 ml syringe jammed into a 25 ml universal
container. Half of the bacterial suspension was irradiated

60by exposure to 2.5 M rads emitted from a Co source,
(kindly performed by Dr C. Lowe, MRC) and the other
autoclaved at 121°C for 15 min. Suspensions for intradermal
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injection were made in borate buffer (pH 8.0) from these 
bacilli.

Various diluents intended for oral administration were 
tested for their ability to hold M.vaccae in suspension 
efficiently. Olive oil B.P was mixed with either 0, 0.05,
0.5 or 5% Tween 20, and emulsified with M.vaccae. This led 
to precipitation of bacilli within several minutes, whereas 
heavy liquid paraffin emulsified with 5% Tween 20 held 
M.vaccae in emulsion. This vehicle was therefore used for 
the manufacture of emulsion intended for oral vaccination. 
A very small amount of glycerol was added to make the oral
preparation more acceptable to the guinea pigs.

of dose 109M. vaccae /\ were included in 0.1 ml of water or emulsion
preparation and fed using a disposable 1 ml syringe.
Intradermal administration involved injection into the
plucked right flank with 109 irradiated or autoclaved
M.vaccae suspended in borate buffer.

All guinea pigs were skin tested at 16 weeks and 60
weeks after vaccine administration. New

(0.1 ml) 1(0.1 ml)tuberculin^ at 0.002 mg/ml and VaccinAat 0.02 mg/ml were
intradermally injected into the shaven right and left sides
respectively of each guinea pig, care being taken to avoid
close proximity to the vaccination site. After 48 hours
both flanks were examined and any signs of erythema, oedema
or induration noted.
At Forty weeks following vaccination, all guinea pigs were

infected with 0.1 mg/ml of live Pasteur BCG suspended in
iOf this0.9% saline with 0.001% Tween 20 added. ̂ 0.1 ml was given

intradermally into both shaved flanks, away from
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vaccination and skin test sites. Signs of erythema, oedema 
or induration were noted for 12 days post-infection. Atl4 
days after infection, a skin biopsy from the right flank of 
each guinea pig was excised under Halothane
anaesthesia. Half of the biopsy was homogenised, smears 
were stained by ZN and the rest of the homogenate was 
cultured for surviving BCG. The remainder was submitted to 
histological examination. Preparation and staining of 
sections by haematoxylin and eosin and ZN techniques were 
performed by staff of the Histop^thology Department, UCMSM, 
working with Dr. S. Lucas. Criteria for microscopic 
examination have been described in Chapter 4.1.2.

Sixty weeks after vaccination all guinea pigs were skin 
tested as before.

6.2.2. LTT. ELISAr skin test and autopsy procedures.
LTT was performed 4 weeks prior to vaccination and 8 

and 16 weeks following.
Guinea pigs were cardiopunctured under ether 

anaesthesia. 1 ml of blood was added to 10 units of Heparin 
Sodium (Weddel Pharmaceuticals Ltd., U.K) and 1 ml was 
allowed to clot for serum extraction. On each occasion two 
guinea pigs from vaccine groups 1-4 and group 7 and one 
guinea pig from each from groups 5 and 6 were 
cardiopunctured.

The LTT and ELISA methods have been described in 
Chapter 4. ELISA was performed 4 weeks prior to vaccination 
and 8, 16 and 74 weeks following. Antigens used at 0.01
mg/ml included New tuberculin, Scrofulin, Kansasin,
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Gordonin, Aviumin A, B and C, Xenopin, Vaccin, 
Diernhoferin, Flavescin and Ranin.

Thirty-eight weeks after infection, all guinea pigs 
were killed and kidneys, spleen, lungs, heart, liver and 
axillary and inguinal lymph nodes examined for any 
abnormality. Organ samples were homogenised and cultured 
for Pasteur BCG and direct ZN stained smears were made.

Techniques of LTT and ELISA and how guinea pigs were 
killed are described in 4.2.
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6,3. Results.
6.3.1. LTT:
Data are summarised in table 6.1.

Antigen Antigen
BCG PPD

Weeks after vaccination.
-4 8 16 -4 8 16

Gamma/ mean 0.63 1.80 1
water/ sd 0.30 0.70
oral. n 2 2 1
Gamma/ mean 2.10 0.95 9.70 0.8
oil/ sd 0.20
oral. n 1 2 1 1
Auto/ mean 0.80 9.70 4.30 1.4
water/ sd
oral. n 1 1 1 1
Auto/ mean 1.00 2.10 8.10 1
oil/ sd 3.90
oral. n 1 1 2 1
Gamma/ mean 0.79 1.80 0.73
id. sd 0.20

n 2 1 1
Auto/ mean 1.30 0.50 1.00 1.2
id. sd

n 1 1 1 1
Cont. mean 0.38 1.00

sd 0.45
n 2 1

Table 6.1. Guinea pig LTT results (S.I.).
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Antigen Antigen
M,vaccae Nt

Weeks after vaccination.
-4 8 16 -4 8 16

Gamma/ mean 0.9 1.5 1.4 0.9 0.75 0.74
water/ sd 0.7 0.35
oral. n 1 2 1 1 2 1
Gamma/ mean 1.3 0.57 1
oil/ sd 0.5 0.09 0.12
oral. n 2 2 2
Auto/ mean 1.1 0.3 1.2 1.05 1.1
water/ sd 0.07
oral. n 1 1 1 2 1
Auto/ mean 1.1 1.1 1.7 2 0.85
oil/ sd 0.14
oral. n 1 2 1 1 1
Gamma/ mean 0.56 1.2 0.8 0.7
id. sd 0.05 0

n 2 1 2 1
Auto/ mean 0.7 1.2 3.2 0.5 1.9
id. sd

n 1 1 1 1 1
Cont. mean 0.7 0.7 0.55

sd 0.42 0.07
n 2 1 2

Table 6.1. contd. Guinea pig LTT results (S .I.)-
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6.3.2. ELISA:
Data are presented in appendix 6.1.

Although antibodies to most reagents were detectable at - 
8 weeks a steep rise in the level did not occur until 16 
weeks following vaccination, which increased until 
measurement stopped at 74 weeks. Antibodies to Scrofulin,
Ranin, Aviumin B and New tuberculin were produced in lower

quantities than
a  to other antigensthroughout the study.

Moderate amounts of antibody were produced by all
vaccine groups to Vaccin and Aviumin C, with intradermally
vaccinated guinea pigs producing most antibody to Vaccin.

Larger amounts of antibody to Flavescin, Kansasin,
animals inAviumin A and Xenopin were produced byftall vaccine groups 

(except unvaccinated guinea pigs). Most antibody was 
produced by those vaccinated with autoclaved M.vaccae given 
orally in oil. Other oral vaccines produced lower
levels of antibodies to these antigens, with intradermal 
vaccines least.

Greatest amounts of antibody were produced to 
Diernhoferin and Gordonin, with those vaccinated with 
autoclaved M.vaccae given orally in oil leading to the 
highest level of antibody, and the intradermal vaccinates 
the least.

As production of antibodies to many of the antigens
tested was similar, much of the response was probably
directed to the group i common mycobacterial antigens. Most
vaccines led to a boosting of antibody production once the
guinea pig was infected. This was seen mostly in those
vaccinated orally with autoclaved M.vaccae in oil. Gamma
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irradiated M.vaccae given orally in oil led to greater 
recognition of common antigens on infection and this was 
superior to the aqueous preparation, with autoclaved 
M.vaccae given orally in water leading to the least 
recognition of the oral vaccines. The intradermal vaccines 
were less efficient than oral vaccines at leading to the 
recognition of common antigen during infection (irradiated 
being more efficient than autoclaved).

No trend in response to either slow or fast growing 
mycobacterial species was evident.

6.3.3. Skin tests;
6.3.3.1. 16 weeks after vaccination;
Vaccine Guinea pig. Induration (mm).
group.

Vaccin. New tuberculin.
gamma/id N* 7 0

N 7 0
0* 3 0

cont S 5 0

All other guinea pigs showed no induration or erythema to 
the reagents used. * = separate mouse.
Table 6.2. Induration (mm) following skin test with Vaccin 

and New tuberculin (16 weeks after
vaccination).



6,3.3.2. 60 weeks after vaccination:
a. Vaccin:

Vaccine 25 49
Hours

73 97 241

Gamma/ mean 
water/ sd 
oral. n=3

[1/3
gp,4mm]

Gamma/ mean 
oil/ sd
oral n=5

[1/3 [1/3 0
gp, gP/4mm] 4mra]*

Auto/ mean 
water/ sd 
oral. n=5

[1/5 0
gp/4mm]

Auto/ 
oil/ 
oral.

mean
sd
n=3

[1/3
gp,42mm]

Gamma/ mean 
id. sd

n=2
[1/2
gp,36mm]

Auto/ mean No induration 
id. sd

n=2

cont. mean No induration 
sd 
n=3

* = not the same guinea pig (gp) as at 25 hours.

Table 6.3a. Induration (mm) following skin test with Vaccin 
(60 weeks after vaccination).
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b. New tuberculin:

Vaccine 25
Hours 

49 73 97 241

Gamma/ mean 0 0# 22 0
water/ sd 0 0 37 0
oral. n=3

Gamma/ mean 26 45 24 20 0
oil/ sd 59 54 25 21 0
oral n=5

Auto/ mean 52 27 44 14 0
water/ sd 79 37 73 28 0
oral * n=5

Auto/ 
oil/ 
oral.

mean
sd
n=3

25
40

55&
23

36
20

Gamma/ 
id.

mean
sd
n=2

90
13

25
35

8
11

Auto/
id.

mean
sd
n=2

74
36

16
20

8
11

cont. ** mean
sd
n=3

55
51

16
28

= only 3/5 }
} guinea pigs in this group responded

** = only 2/3 }

# = response sig. less than controls (p<0.05). 
& = response sig. more than controls (p<0.02).

Table 6.3b. Induration (mm) following after skin test with 
New tuberculin (60 weeks after vaccination).
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6,3.4, Infection with Pasteur BCG:
6.3,4,1, Measurement of induration following inoculation 

of Pasteur BCG,
Data are presented in fig. 6.3. and appendix 6.2.

6,3.4.2, Histological examination of Pasteur BCG
inoculation sites.

Histological data are shown in table 6.4.
Vaccine AFB LECG CECG LGC PMN
Gamma/ mean 2.67 0.67 1.67 0.67 2
water/ 
oral.

sd
n=3

0.58 0.58 0.58 1.15 1

Gamma/ mean 2.8 1.17 1.25 0.83 1.83
oil/ 
oral.

sd
n=6

0.41 0.41 0.6 0.41 0.26

Auto/ mean 0.7* 1 1.4 0.8 1.4
water/ 
oral.

sd
n=5

0.97 0 0.55 0.76 0.41

Auto/ mean 3.3 1 1.67 0.83 1.67
oil/ 
oral.

sd
n=3

0.29 1 1.67 0.83 1.67

Gamma/ mean 1.5** 1 1 0.67 1.67
id. sd

n=3
1.3 0 1 0.29 0.58

Auto/ mean 2 1 1 1 2
id. sd

n=l
1 1 1 1 1

cont. mean 2.75 0.75 2 1 2
sd
n=4

0.87 0.5 0 0.7 0.82

* = response sig. less than controls Xi A o • 02) .

Table 6.4. Histological evaluation of Pasteur BCG
inoculation site.
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6.3.5. Autopsy observations.
Cirrhosis and pericardial effusion was seen in a small 

number of the guinea pigs from various vaccine groups, 
including controls. AFB were neither grown on culture nor 
seen on direct smear.

Two guinea pigs, I* and E, which had been vaccinated
with
autoclaved M.vaccae (orally in water) and gamma irradiated 
M.vaccae (orally in oil) respectively, had cataracts. The 
affected eyes were sectioned and examined histologically 
after staining with haematoxylin and eosin. The findings 
are summarised in table 6.5.

Guinea pig I* (left eye):
Anterior chamber - Granuloma in angle with bone formation.

Cortical cataract.
Posterior chamber - Retinal scarring with photoreceptor

loss and mononuclear cells in pre- 
retinal space together with retinal 
pigment epithelial cell
disorganisation. No evidence of 
acute inflammation.

Guinea pig E (left eye):
Anterior chamber - Anterior angle granuloma with bone

formation. Posterior synaechiae. 
Severe cortical cataract.

Posterior chamber - Old choroidal scarring. No
inflammation.

Table 6.5. Histological examination of guinea pig eyes 
with cataracts.

Eyes from both guinea pigs are thought to have
undergone a chronic uveitis starting some months
previously and leading to cataract formation. The
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uveitis may have arisen from circulating immune complexes 
deposited in the eye, initiating inflammation via 
complement activation. It is also conceivable that cross
reactive immunity between mycobacterial antigens and ocular 
autoantigens may have led to an autoimmune uveitis. Such 
cross-reactivity can exist between these antigens and some 
lens proteins, and uveitis is sometimes a feature of 
tuberculosis and leprosy.

Direct spread of BCG to the uveal tract is unlikely as 
granulomas present did not possess a caseating centre or 
giant cells. Moreover, generalised BCG-osis would have 
permitted the culture of BCG from other organs and made the 
animals appear ill, neither of which happened. For this 
reason, sections were not examined by ZN.

In summary, there was no clear association between 
cataractogenesis and either vaccination with M.vaccae or 
challenge with Pasteur BCG.

Guinea pig 0* (an intradermally gamma irradiated 
M.vaccae vaccinate) had an ulcerated, brittle section of 
gut, approximately 2.5 cm long. Histological examination 
showed this to be due to calcinosis. Kidneys and all other 
organs were normal. AFB were not seen on direct ZN stained 
smear or grown after extensive incubation. Again this 
condition was not thought to result from any part of the 
study.

Both incidences of cataract and calcinosis are 
discussed further in Chapter 13.
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6.4. Discussion.
Different ways of killing M.vaccae and presenting it 

to the guinea pig immune system have been investigated in 
this study, which has shown immunostimulation of both 
humoral and cellular responses.

The cell mediated immune response was measured in vitro 
by the LTT. Post infection values were not obtained and no 
great stimulation of guinea pig lymphocytes followed either 
vaccination. The S.I.s seen never rose above 10 for any of 
the antigens used or vaccine groups tested. Whether this 
was due to an inherent fault in the LTT, lack of induction 
of cell mediated immunity to the relevant vaccine or 
failure to express this in vitro is not known. However, 
these figures are comparable to those previously reported 
for tuberculous guinea pigs (Thorns et al. 1982) and, as in 
this study LTT was performed only on vaccinated and not 
tuberculous animals, these values may be acceptable.

Whole live Glaxo BCG was the most potent stimulator of
lymphocytes, leading to S.I.s in the range of 5 - 10, as
shown by guinea pigs given oral gamma irradiated and
autoclaved M.vaccae in oil, and autoclaved M.vaccae in
water. New tuberculin caused no such stimulation for any of
the vaccine groups tested, except those given intradermal
autoclaved M.vaccae (although this rise followed a fall
weeks after vaccination). Autoclaved M.vaccae when used as
LTT antigen led to variable S.I.s, none exceeding 1.2.
Interpretation of data, when PPD was used as antigen, was
difficult as only data relating to 16 weeks after
vaccination were available. The observation of the superior
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stimulatory power of whole bacilli LTT antigens as compared 
to soluble antigens agrees with Mahmood (Mahmood et al.. 
1987).

Induction of memory lymphocyte^ was evident in post
vaccinated guinea pigs given gamma irradiated or autoclaved 
M.vaccae in oil, or autoclaved M.vaccae in water. 
The greatest of these followed vaccination with gamma 
irradiated M.vaccae in oil or autoclaved M.vaccae in water. 
LTT was not performed after infection, although this would 
have indicated whether the boosting of common antigen 
recognition shown by the humoral response would also be 
manifested by the cellular arm of the guinea pig's immune 
response.

As expected, and as shown by the unvaccinated guinea
pigs, antibodies to most of the mycobacterial species 

probably directed 
examined were^to the group i common mycobacterial antigens,
which were boosted on infection. Most boosting of response
during infection followed oral vaccination with autoclaved
M.vaccae given in oil. If M.vaccae is given in water, then
it should be killed by gamma irradiation.

Skin testing with New tuberculin and Vaccin failed to 
lead to any reaction in most guinea pigs tested. Those 
which did show induration did so only to Vaccin and 
included 2 guinea pigs vaccinated with gamma irradiated 
M.vaccae. these reactions being small (2-3 mm). The one 
non- vaccinated guinea pig which showed a reaction to 
Vaccin can only be explained by previous contact with 
environmental mycobacteria.

Data from the second skin test, performed at 60 weeks
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after vaccination (24 weeks after infection) is shown in 
tables 6.3a and 6.3b. Responses to Vaccin were difficult 
to interpret as only one guinea pig out of each vaccine 
group reacted and usually, except for those given gamma 
irradiated M.vaccae in oil by mouth, on only one occasion. 
Peaks in response were seen at 24 hours for intradermal 
vaccinates and controls and at either 25 or 49 hours for 
oral vaccinates. Those given gamma irradiated M.vaccae in 
water, by mouth, peaked in response only after 72 hours. 
Skin test responses to New tuberculin had all resolved by 
241 hours but were significantly greater than controls at 
49 hours, only after oral vaccination with autoclaved 
M.vaccae given in oil (p<0.02).

Intradermal administration of Pasteur BCG led to 
induration as shown in fig. 6.3. and appendix 6.2. The 
inoculation sites of guinea pigs from all vaccine groups 
except those given intradermal autoclaved M.vaccae showed a 
similar degree of healing. The biphasic response shown by 
all groups may indicate an inefficient clearing of AFB, 
resulting in their multiplication and repeated stimulation 
of the cellular response. Measurement was made for 12 days 
but did not continue after biopsy from the other flank as 
post-operative handling of these guinea pigs for 
measurement was not considered reasonable.

The histopathology of tuberculous lesions has been
previously discussed in Chapter 4.1.1. CECG with no LGC
formation indicated a weaker hypersensitivity than those
with it, and this was evident in groups vaccinated with
irradiated M.vaccae given orally in water or irradiated
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M.vaccae given intradermally. CECG with LGC formation was 
seen in the tissues of those vaccinated with autoclaved 
M.vaccae given intradermally or autoclaved M.vaccae given 
orally in oil, and in controls. All vaccine groups and the 
control group showed similar degrees of necrosis. Numbers 
of AFB were highest in those vaccinated with autoclaved 
M.vaccae given orally in oil and least in those given this 
preparation in water (significantly less than controls
p<0.02).

At autopsy none of the pathology seen was attributable 
to vaccine administration. Unfortunately, as all guinea 
pigs were challenged, the influence of Pasteur BCG can not 
be excluded, although it was not recovered from the 
affected organs.

The cataract formation seen in one of the eyes of two
vaccinated guinea pigs was thought to have resulted from
the deposition of immune complexes in the eye and

*examination of kidney and joints of these guinea pigs may 
have supported this hypothesis. Although cataracts can 
also occur during borderline leprosy, their presence in 
these two guinea pigs was not considered to be related to 
vaccination or challenge with Pasteur BCG.

* = Examination of kidney basement membrane stained with
fluorescein-labelled antibodies to human immunoglobulins and 
detection of hiqh titres of immunoglobulin in synovial fluid.
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6.5, Conclusions to Chapter 6.
In this study the way that a guinea pig cell mediated 

and humoral immune responses can be stimulated by 
vaccination, are determined by the way the mycobacterium is 
killed, the route by which it is administered and, 
probably, in which vehicle.j Although the vehicle seems less 
important, delivery in oil might stimulate the immune 
response more than in water.
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CHAPTER 7.

VACCINE STUDIES IN THE BADGER.
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CHAPTER 7.
VACCINE STUDIES IN THE BADGER.

The work in this chapter is described in three parts.
The first is a captive badger study designed to 

ascertain the immune response to tuberculosis following 
vaccination with various preparations. The execution of 
this study has been found to be feasible, as described in
4.2. The second study evaluates safety to the badger of 
multiple doses of a vaccine which has demonstrated efficacy 
in the first study and in guinea pigs. The third determines 
the acceptability of this vaccine to a wild badger 
population.

The contents of this chapter are summarised:
a) Vaccine efficacy study in captive badgers.
b) Evaluation of vaccine safety in the badger.
c) Vaccine acceptance by the wild badger.

7.1. Vaccine efficacy study in captive badgers.
7.1.1. Introduction.

The captive badger study described in this chapter 
follows one previously performed which showed that the 
badger immune system had been misinterpreted (Mahmood, 
1985). It was not considered to be different from that of 
the human in principle and was therefore capable of 
stimulation by vaccination (Mahmood et al., 1987a; Mahmood 
et al., 1989).

Although Mahmood et al. have shown that intradermal BCG 
vaccine might be protective, its use the wild would not be 
possible because of its capacity to interfere with the
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cattle skin test. It was however included in the currently 
described study as a reference vaccine. The vaccine would 
be easier to administer if oral, and multiplication of the 
vaccine bacilli in the environment is not permissible. 
Responses following vaccination with oral killed M.vaccae 
were thus monitored with particular interest. Immunological 
profiles following vaccination and subsequent challenge 
with BTB were performed. Badger survival and periods of BTB 
excretion were monitored in addition to pathological 
changes found at necropsy 9

7.1.2. Methods.
^ild badgers were trapped by the Agricultural

Science Services, MAFF, in areas of southern England where
cattle had been free from tuberculosis for several years
and no tuberculous badgers had been found (MAFF, 1976- 
1985). a total of 28 was divided into 7 groups of 4, 
individually housed at CVL, in their social groups if 
possible to prevent dispute. Husbandry has been previously 
described (Pritchard et al.. 1987). All badgers were
clinically sampled for several months before vaccination to 
assure, so far as possible, freedom from tuberculosis. The 
details of animals in each vaccine group are shown in table
7.2.

LTT, ELISA and measurement of weights were performed at 
monthly intervals throughout the study (for most months). 
Antigens used in the LTT and ELISA are shown in table 7.1.
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LTT antigens:
Live Glaxo BCG at 8 x 106/ml.
Bovine Purified Protein Derivative (Weybridge PPD) at 
0.OOlmg/ml.
New tuberculin T1412 at 0.OOlmg/ml.
Autoclaved M.vaccae R877R at 1.4 x 105 /ml (included only 
from 3 months after infection).
Control cultures contained only RPMI-1640.

ELISA antigens used at O.Olmg/ml included:
New tuberculin, Kansasin, Gordonin, Aviumin A and C, 
Xenopin, Vaccin, Diernhoferin, Rhodesin, Flavescin and 
Neoaurumin.
Table 7.1. Antigens used for badger LTT and ELISA.

Vaccines were prepared as described in Chapter 4.2.2
and are listed in fig. 7.2.

Oral vaccines suspended in 0.1 ml of borate buffer were
injected into chicken portions and each oral vaccinate was
housed separately for 2 days following bait consumption.
Intradermal vaccines, also suspended in 0.1 ml of borate
buffer^ were administered intradermally in the shaved left
shoulder. Vaccination sites were examined under anaesthesia
after 43 and 63 days.

Eight months after vaccination all badgers were
infected with 0.01 mg/ml of a field isolate of BTB
suspended in 0.1 ml of PBS. This was intradermally injected 
each of theinto A the shaved medial aspect of the left and right flanks 

of all badgers. Challenge sites were examined under 
anaesthesia at monthly intervals (for most months of the 
study) and the diameter of any induration measured. 
Clinical sampling of urine, faeces and tracheal aspirate 
for bacteriology was performed at monthly intervals after
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challenge (for most months). Swabs for culture of BTB were
at the site of inoculation

taken from some of the ulcers that developed . All handling
A

of badgers was performed under anaesthesia.
At the end of the experiment all surviving badgers were 

killed and autopsied. At autopsy, any lesions together with 
a selection of lymph nodes and organs were taken for
bacteriological investigation.

The methods used throughout this study were those
described by Mahmood in his thesis and elsewhere (Mahmood 
1985? Mahmood et al.. 1987a).

Faeces were obtained by enema only up to 7 months after 
infection, thereafter rectal swabs were taken.
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Captive wild badgers.
Freedom from 
tuberculosis 
ascertained.

LTT + ELISA + weigh (monthly).
Vaccinate (observe injection sites after 

43 and 63 days) .
8 months

(continuation of monthly 
procedures).

Challenge with live BTB.
13 months

(continuation of monthly 
procedures plus culture 
of urine, faeces and 
tracheal aspirate and
measure diameter of
induration at challenge 
site.

Necropsy
(examination and culture 
of suspect lesions).

* Badgers not examined for first month after vaccination. 
Fig. 7.1. Experimental procedures for captive badger study.
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Captive wild badgers
(28)

Vaccine

NilBCGvaccae
(12) (12) (4)

Route of 
vaccination:

Killed/ 
live and 
dose:

I/D(4) oral(8) I/D(4) oral(8)

live 
106 (4)

liv
10

(4) (4)

( ) = numbers of badgers, I/D = intradermal.

Fig. 7.2. Badger vaccination groups.
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Vaccine Badger Age Sex
Intradermal X49 ya f
M.vaccae. X50 ya f

X51 ya f
(IDV) X52 ya m

Intradermal X31 a f
BCG X33 a f

X53 ya m
(IDB) X55 ya m

Oral X29 a f
killed X34 a f
M.vaccae X41 c m
(OKV) X47 a m

Oral X39 c f
live X40 a f
M.vaccae X43 ya m
(OLV) X48 a m

Oral X32 a m
killed X38 c m
BCG X42 c m
(OKB) X46 a f

Oral X36 a m
live X37 a m
BCG X44 c m
(OLB) X45 c f

No X30 a f
vaccine X35 a f

X54 ya m
(CONT) X56 ya f

c = cub (younger than 1.5 years old approx), ya = young 
adult, a = adult, m = male, f = female.
( ) = abbreviations used for vaccines.
Each badger was identified by tattoo as previously decribed 
(Cheeseman and Harris, 1982).

Table 7.2. Vaccine group, badger age, sex and identifying 
number.
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7.1.3. Results.
7.1.3.1. Badger weight.
Mean weights for each vaccine group are shown in appendix
7.1. and fig. 7.3.

Badger weights throughout this study followed a 
seasonal trend, with a weight gain in winter occurring even 
during infection. Badger weights after infection were often 
greater than for the same time the previous year, although 
this probably reflects an increase in body size with age.

During summer, badgers lose the fat acquired for the 
previous winter, and those vaccinated orally started to 
lose weight in preparation for summer. In the orally BCG 
vaccinated badgers, weight loss due to tuberculosis may 
have been compensated for by the high proportion (50%) of 
actively growing cubs in this group, although this was not 
the case for the oral M.vaccae vaccinated groups, which 
showed a similar trend but included only half as many cubs. 
However, for all orally vaccinated groups weights did not 
fall below those of the previous year. Unvaccinated badgers 
and those given intradermal vaccines gained weight in 
preparation for winter but weighed less than at the same 
time in the previous year, once infected. This is 
surprising for the intradermal BCG vaccinated badgers, 
although none of the individuals in the intradermal or 
unvaccinated groups were actively growing cubs and it may 
indicate a true loss of weight due to tuberculosis. Since 
a third of the animals were young adults, the weight loss 
was not a result of old age.

As most interest lay in the weight of badgers
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vaccinated with oral killed M.vaccae. their maintenance of 
body weight despite tuberculosis is shown in fig. 7.3.

7,1.3.2, Observation of vaccination sites.
Intradermal BCG or M.vaccae did not lead to any 

dissemination of disease in badgers but did cause local 
lesions (table 7.3.) which were similar to those shown by 
human vaccinates (Stanford et al.. 1989). No attempt was
made to culture organisms from any of the vaccination 
sites.

Days after vaccination.
Vaccine
IDV

IDB

Badger
X49
X50
X51
X52

X31

X33

X53

X55

43
Flat/red

ii
it
n

* * * *

Purple hard 
10x10 mm 
reaction
Raised hard 
pink reaction 
13x13 mm
Many scratch 
lesions
Badger not 
caught, but 
possible pink 
BCG scar seen

63
Nil

it
ii

it

Pink raised 
7x7 mm 
reaction
Pea sized 
lump

Many scratch 
lesions
Large scab 
over site

Table 7.3. Description of badger intradermal vaccination 
sites.
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7.1.3,3, BTB inoculation site size.
Mean sizes for inoculation sites in each vaccine group are

theshown in appendix 7.2., and ̂ times when these sites 
ulcerated in table 7.4.

Vaccine Badger Appearance Isolation of BTB

{ ) = appearance of ulceration - months after challenge. 
[ ] = duration of ulceration - in months.

Rt. site. 14mm ulcer +
erythematous margin.
{2} [<1]
Lt. site. 6mm erythematous nd
ulcerated nodule.
{2} [<1]
Rt. and Lt. sites both 10mm nd 
erythematous ulcerated 
nodule.
{2} [<1]
Lt. site, 12mm erythematous nd 
nodule with central ulcer.
{2} [<1]
Lt. site, 12mm erythematous 
nodule with central ulcer.
{2} [1-2]
Rt. site, 10mm nodule with +
8mm ulcer.
(2} [<1]
Lt. site, 8mm nodule with nd
ulcerated centre.
{3} [1-2]

nd = not done.
Rt = right.
Lt = left.

IDV X50

IDB X53

OLV X43

OKB X38

X42

CONT X54

Table 7.4. Ulcer formation at badger BTB inoculation sites.



All vaccinated groups except that given intradermal 
M.vaccae showed a very similar progressive healing of BTB 
inoculation sites, which slowed down after 6 months, 
entering a more erratic pattern of healing. Healing in the 
intradermal M.vaccae vaccinated group was significantly 
suppressed on several occasions in comparison (with- 
unvaccinated badgers and intradermal BCG vaccinates (p 
range <0.001-<0.02). However, as only 1 badger from the 
intradermal M.vaccae group was alive 4 months after 
challenge, this animal can not be taken as representative.

7.1.3.4. LTT.
Mean S.I. values for each vaccine group are shown in 

appendix 7.3. and in f igs. 7.4. - 7.9.
Greatest lymphocyte proliferation followed culture with 

whole live BCG.
All vaccine groups followed a similar trend of 

lymphocyte proliferation showing a slight rise to all 
antigens following vaccination. A peak in lymphocyte 
proliferation followed infection, remaining high for 5 to 6 
months but then becoming erratic. After indiscriminate 
rising and falling of lymphocyte proliferation, all vaccine 
groups except those receiving intradermal M.vaccae showed 
progression to a second peak, occurring 15 or 19 months 
following vaccination.

In this study and one previously described (Mahmood, 
1985) intradermal BCG vaccination influenced the cell 
mediated immunity of the badger, inducing significant 
proliferation on occasions to M.vaccae and whole live BCG
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antigens (p range <0.01-0.05). However, although probably 
useful as a vaccine, the problems of using intradermal BCG 
have already been addressed.

An oral vaccine made from killed M.vaccae. if 
protective, would therefore be useful. Proliferation of 
lymphocytes to Glaxo BCG, bovine PPD and killed M.vaccae 
was greater than that shown by several other vaccine groups 
and the control group.

7.1,3,5. ELISA.
Mean absorbance values for each vaccine group and antigen
are shown in appendix 7.4. and figs. 7.10. - 7.13.

A general trend in antibody response was evident in
this study (figs. 7.10.- 7.13.) and is similar to that

thepreviously described (Mahmood, 1985). As levels of
A

antibodies produced to various antigens were very similar, 
a large part of the response was probably directed to the 
shared mycobacterial antigens. Induction of antibody was 
greatest following vaccination with intradermal vaccines, 
rather than oral vaccines. After intradermal vaccination 
antibody levels rose until the time of infectious challenge 
for all antigens tested (fig. 7.10.), and immediately after 
infectious challenge responses rose further and then 
entered an erratic stage either immediately (as seen for 
Kansasin) or after several months. Although previously 
following this general pattern of response, antibodies to 
Vaccin fell very steeply just after infection whilst those 
to Rhodesin showed no great rise prior to the onset of the 
erratic phase.

The greatest effects followed vaccination with
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intradermal BCG, especially to New tuberculin.

7.1.3.6. Badaer survival and excretion of BTB.
Excretion sites and times are shown in table 7.5.,
7.14. and appendix 7.5.

Vaccine. Badger. Survival Commencement and duration
time. of excretion j (days).
(days). Latest Earliest

(shortest) (longest)
IDV X49 67 67(0) 1(66)

X50 106 69(37) 1(105)
X51 124 70(54) 1(123)
X52 314 246(68) 227(87)

Mean 153 113(40) 58(95)
sd 110 89 (29) 113(24)
n 4

IDBCG X31 223 180(43) 134(89)
X33$ 392 328(64) 282(110)
X53 387 257(130) 236(151)
X55$ 392 179(213) 150(242)

Mean 349 236(112) 200(148)
sd 84 71(76) 70(68)
n 4

OKV X29 Died at 3 weeks after infection (not TB)omit
X34 196 180(16) 137(59)
X41$ 398 366(32) 334(64)
X47 254 252(2) 229(25)

Mean 283 266(17) 233(49)
sd 104 94(15) 99(21)
n 3

Table 7.5. Badger survival and excretion of BTB.
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Vaccine. Badger. Survival Commencement and duration
time. of excretion.

Latest Earliest
(shortest) (longest)

OLV X39$ 394 Excretion not detected.
X40# 361 360(1) 330(31)
X43$ 394 247(147) 227(167)
X48 221 107(114) 65(156)

Mean1 307 177(130) 145(163)
sd 122 99(23) 112(10)
n 2
Mean2 336 118(87) 96(109)
sd 100 124(77) 115(94)
n 3
Mean3 343 179(66) 156(89)
sd 82 158(76) 150(85)
n 4

OKB X32$ 394 248(146) 225(169)
X38 216 215(1) 176(40)
X42 254 226(28) 179(75)
X46 127 107(20) 64(63)

Mean 248 199(49) 161(87)
sd 111 63(66) 68(56)
n 4

OLB X36$ 392 Excretion not detected
X37$ 392 329(63) 289(103)
X44$ 392 288(104) 247(145)
X45$ 392 329(63) 289(103)

Mean1 392 315(77) 275(117)
sd 0 24(24) 24(24)
n 3
Mean2 392 237(58) 206(88)
sd 0 159(43) 139(62)
n 4
Table 7.5. contd. Badger survival and excretion of
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Vaccine. Badger. Survival Commencement and duration
time. of excretion.

Latest Earliest
(shortest) (longest)

CONT X30$ 393 Excretion not detected
X35$ 392 Excretion not detected
X54# 288 113(175) 70(218)
X56 222 113(109) 70(152)

Mean1 220 113(109) 70(152)
sd 0 0(0) 0(0)
n 1
Mean2 336 38(36) 23(51)
sd 98 65(62) 40(88)
n 3
Mean3 324 57(71) 35(93)
sd 84 65(86) 40(110)
n 4
Mean4 197 38(36) 23(23)
sd 162 65(63) 40(40)n 3

# = killed before end of experiment: (X40 - rear limb
paralysis, X54 - fractured jaw)
$ = Killed at end of experiment.
( ) = longest or shortest period of excretion - "longest
period" excretion starts 1 day after last negative 
sampling. "shortest period" excretion starts on day of 
first positive sampling.
( )% = excludes non excretors plus X29, X40 and X54
( )? = includes non excretors but not X29, X40 and X54
( )3 = including X54
( ) = excluding X54

Table 7.5. contd. Badger survival and excretion of BTB.
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7.1.3.7. Necr°psy observations,
Table 7.6. shows the % of badgers examined from each 
vaccine group which had tubercle formation in the stated 
organ. Data in brackets refers to the % of badgers in each 
vaccine group from which BTB was cultured from the stated 
organ, irrespective of tubercle formation.

Vaccine
group.

Lung. Lymph
nodes.

Heart
and
pleura.

Liver
and
spleen

Kid
neys.

Mean
organ
%.

IDV* 100(100) 100(100) 100(nd) 66(83) 100(66) 93(87)
IDB 100(100) 100(100) 0(nd) 25(50) 75(83) 60(83)
OKV** 50(50) 100(78) 66(nd) 66(66) 33(66) 63(65)
OLV 75(100) 100(94) 75(nd) 75(50) 75(0) 80(61)
OKB 75(100) 100(100) 75(nd) 75(75) 100(75) 85(88)
OLB 50(33) 50 (46) 0(nd) 100(16)75(33) 55(32)
CONT 100(75) 75(44) 50(nd) 50(50) 50(75) 65(61)

* = X52!, ** = X29 (both excluded).
Table 7.6. % of badger organs examined which showed

tubercle formation and BTB isolation.
Badger X52 was not available fornecropsy. X29 died 3

weeks after infection with BTB cause of death was unknown
but not thought to be due to tuberculosis.
The relationship between bodily condition at necropsy and
degree of organ pathology correlated for some, but not all,

ed . .vaccine groups. Often a badger appear /ion examination
to be healthy, but ,'had advanced tuberculosis and
vice versa.
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Fig.

Fig. 7
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x I/D  M.vocoos. 
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.4. LTT response to whole live BCG for I/D BCG and 
M .vaccae vaccinated and control badgers.
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.5. LTT response to whole live BCG for oral live
and killed M.vaccae vaccinated and control
badgers.
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Fig. 7.8. LTT response to killed M.vaccae for I/D BCG and 
M.vaccae vaccinated and control badgers.
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Fig. 7.9. LTT response to killed M.vaccae for oral live
and killed M.vaccae vaccinated and control
badgers
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Fig. 7.10. Antibody response to New tuberculin for I/D BCG 
and M-vaccae vaccinated and control badgers
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Fig. 7.11. Antibody response to New tuberculin for oral
live and killed M.vaccae vaccinated and
control badgers.
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Fig. 7.12. Antibody response to Vaccin for oral live and 
killed M.vaccae vaccinated and control 
badgers.
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Fig. 7.13. Antibody response to Vaccin for oral live and
killed BCG vaccinated and control badgers.
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Vaccine groups:
Cont = controls, OLB = oral live BCG, OKB = oral killed BCG 
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IDB = intradermal BCG, IDV = intradermal H .vaccae.
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7,1.4. Discussion.
This study has provided much information concerning the 

response of the badger to tuberculosis and its modification 
following vaccination. The use of only 28 badgers was based 
on legislation and limitations of housing. A larger 
population would have allowed firmer conclusions although 
further study of captive badgers was considered 
undesirable. Badgers are difficult to house and the 
probable stresses resulting from captivity can hardly be 
conducive to the development of a normal pattern of 
response to tuberculosis. Statistical analysis has been 
applied where possible, although its interpretation must 
take the small population sizes into account. In addition, 
one must remember the variable ages, sexes and genetic and 
environmental backgrounds of the badgers studied.

i. Badgers, as non-hibernating animals, vary the quantity 
of their body fat seasonally. A loss of weight extending 
from April to July, which increased until February, has 
been documented (Pritchard et al.. 1987). A seasonal
weight variation prior to infection was also evident in 
this study (see appendix 7.1.).

Unvaccinated and intradermal vaccinates lost winter fat 
and then started to regain it in preparation for winter,
but were not able to reach the previous year's weights
during infection. Those given oral vaccines did not fall
below the summer weights of the previous year and this is
not explicable by active growth of cubs, especially for the 
M.vaccae vaccinated group.
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ii. Intradermal vaccination led to differences in 
appearances at vaccination sites and depended upon whether 
M.vaccae or BCG was used. The former produced flat red 
lesions at 43 days which had disappeared 20 days later. In 
contrast, BCG caused local swelling and redness, sometimes 
bigger than 10 mm, which was still evident after 63 days. 
These larger BCG reactions probably reflect recognition by 
the badger of antigens released by replicating bacilli. 
M.vaccae would not be expected to multiply at all in badger 
tissues and therefore intradermal administration led to 
little reaction.

iii. The effectiveness of vaccination may be indicated by
the rate of healing of sites in which virulent BTB have
been intradermally introduced. In this study healing showed
a similar trend for all vaccine groups except I/D M.vaccae.
in which healing was retarded, although this was
represented by only one badger. Groups receiving oral
killed M.vaccae or oral live BCG did not ulcerate at their
BTB inoculation sites, at least at the times of
observation, although this may have occurred shortly after
infection and been missed. Some of the ulcerated sites were
swabbed, and BTB was isolated from those belonging to
control and I/D M.vaccae vaccinated badgers. Ulceration at
the challenge site was later in the control badgers than
previously described in a similar badger study (Pritchard
et al. . 1987). Vaccination did not appear to influence
ability to heal challenge sites and intradermally BCG
vaccinated badgers were no more efficient in healing the
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sites than unvaccinated badgers, and this too does not 
agree with another study (Mahmood, 1985).

It is interesting to note that the two badgers whose 
inoculation sites became ulcerated and excreted BTB were 
either unvaccinated or had been vaccinated with I/D 
M.vaccae.

Intradermal challenge, imitating a bite wound, may be 
criticised as unnatural. The BTB were injected into the 
medial aspect of the thigh, a site not usually vulnerable 
to bites but having the advantage of being hairless and 
easily observable. The dose chosen was large, selected to 
achieve an adequate stimulation of the immune system and to 
cause progressive disease within the experimental period. 
Such doses were probably much larger than would be common 
in the field and therefore a very severe test of 
vaccination, perhaps too severe. Despite these criticisms, 
vaccination with the various preparations did have 
observable effects on the badgers' response to 
tuberculosis.

iv. During mycobacterial infections, a T cell dependent 
immune activation of mononuclear leukocytes is an essential 
defence mechanism (Mackaness, 1967). Proliferation of 
lymphocytes may be an expression of DTH (Permain et al., 
1963) and can be shown by the LTT.

Poor cell mediated immunity of the tuberculous badger 
has previously been suggested (Morris et al.. 1978)
although optimisation of techniques have altered this 
opinion (Mahmood et al.. 1987a).
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As lymphocytes from badgers of all vaccine groups 
proliferated in the presence of all antigens used, 
this may indicate recognition of the protective shared 
mycobacterial antigens. Additionally, as the proliferation 
of lymphocytes from vaccinates was generally greater than 
that shown by unvaccinated badgers, this may indicate a 
boosting in the recognition of the common antigens, 
increasing protection.

The secondary peak in lymphocyte proliferation 
described may have resulted from a poor primary response 
which occurred soon after commencement of infection, but 
did not effectively kill all BTB. After several months, 
these persisting bacilli would multiply to stimulatory 
levels, leading to the observed second peak in lymphocyte 
activity. Unvaccinated badgers did not show this secondary 
peak and so it may have been a consequence of vaccination. 
As intradermal BCG vaccination led to a secondary peak in 
lymphocyte proliferation and is also known to stimulate the 
cellular immunity of badgers against tuberculosis (Mahmood 
et al. . 1989), this may corroborate the theory proposed.
After this time, lymphocyte proliferation became erratic 
and this agrees with findings reported elsewhere (Mahmood, 
1985).

This study has shown that badgers show the same range 
of immune responses during the course of tuberculosis as 
reported for other animals (Thorns and Morris, 1983) as 
well as in leprosy (Ridley and Jopling, 1962).

v. This study has refuted the proposal that badger antibody
responses are poor (Higgins and Gatrill, 1984) and
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corroborates the findings of others (Mahmood et al.. 1987a? 
Mahmood et al.. 1987b; Mahmood et al.. 1989? Stainsby et
al., 1989). During the anergic stages of tuberculosis,
antibody levels were seen to see-saw as previously 
described (Mahmood et al.r 1987a). This may explain the 
overlap in antibody levels previously reported for the 
badger (Morris et al.. 1979).

Responses to various antigens showed a similar trend, 
suggesting a response to shared mycobacterial antigens 
which were lower for unvaccinated badgers. As antibodies to 
New tuberculin were often produced by intradermal BCG 
vaccinates in excess of those by the intradermal M.vaccae 
vaccinated badgers, this may indicate recognition of the 
species-specific antigen.

An inverse relationship between antibody and LTT 
previously reported for the badger (Mahmood et al., 1987a)
and also known to occur in leprosy and tuberculosis (Turk 
and Bryceson, 1971; Lenzini et al.. 1977; Bhatnagar et al. . 
1977) was also evident in this study. Antibodies to Vaccin 
and New tuberculin were compared to LTT responses to these 
antigens. All vaccine groups showed an inverse relationship 
but it was not as clearly illustrated by the control group 
and hence was considered a consequence of vaccination.

vi. In this study, excretion of BTB into the environment 
will have occurred by micturition, defaecation, salivation, 
coughing, sneezing and discharge from bite wounds. The 
infectious badger is a prolific transmitter of bovine 
8Tit3 . A s  badgers and cattle share the same pasture
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(Kruuk et al. . 1979) tuberculosis can easily be transmitted 
to the herd. Bite wounds from other badgers are common 
(Gallagher and Nelson, 1979) and provide a further route of 
infection by those whose lungs are infected. Bite wounds 
leading to transmission of BTB has been demonstrated in 
this study. If a period of bacillary excretion is 
significantly decreased by vaccination, the chances of 
other badgers contacting the bacilli will be decreased. 
Although it is not known whether this is accompanied by an 
increased concentration of shed bacilli/gram of 
secretion/excretion, contact rate would still be decreased 
and may eventually retard the exponential spread of 
tuberculosis within the badger social group.

Excreting tuberculous badgers may survive for many 
months (Little et al.. 1982a; Cheeseman et al.. 1985b) and
in this study only vaccination with intradermal M.vaccae 
really affected survival time relative to non-vaccinates, 
by reducing it. This was only significant when compared to 
those vaccinated with intradermal BCG (p<0.05).

However, vaccination with any of the preparations led 
to delay and shortening of excretion. A delay in excretion 
of bacilli followed vaccination with oral live BCG 
(p=0.05), oral killed M.vaccae (p<0.02) and I/D BCG 
(p<0.01) the latter two also leading to a significant 
decrease in excretion period compared to non-vaccinates 
(p<0.02, p<0.05). Those vaccinated with the oral killed
preparation of M.vaccae shed bacilli for a significantly 
shorter period than those given the live preparation 
(p<0.01) (see fig. 7.14.). As vaccination did not prevent
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disseminated tuberculosis resulting from experimental 
challenge, excretion of tuberculosis and hence danger to 
other badgers may be reduced by vaccination with either 
intradermal BCG or oral killed M.vaccae.

vii. Although total immunity to infection would have been
desirable, badgers from all vaccine groups developed
disseminated tuberculosis, the degree of which was
affected by the vaccine used (see table 7.6.). Failure to
prevent this may have been due to the large doses of BTB
used, and dissemination of tuberculosis throughout the body
with pathological consequences indicates failure of the
cellular immune system to control it.

BTB were cultured frequently from either the lung
and/or lymph nodes of badgers from all vaccine groups. Mean
organ lesions were found least in the oral live BCG
vaccinated group (55%) and next in I/D BCG vaccinates
(60%). The I/D M.vaccae vaccinated group showed by far the
greatest lesion formation of all groups at 93%.
Unvaccinated badgers showed a mean organ lesion rate of 65%
which was similar to that of the oral killed M.vaccae and
I/D BCG groups and was surprisingly low. Least bacillary
isolation was gained from the oral live BCG vaccinated

thegroup at 32%, and when compared toAvalue shown by the
control group of 61%, this may indicate protection. The
oral killed M.vaccae group showed a mean organ culture
positivity of 63%, comparing well with the unvaccinated and
I/D BCG vaccinated groups..

The percentagesflesioned organs seen at autopsy was
compared to that which yielded positive cultures of BTB.
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Concordance in results was found for 39% of organs for the 
study overall. Often, culture of organs did not seem as 
sensitive as observation. This may have been due to the 
control of infection by the killing of BTB within a lesion. 
Histology and culture would have revealed whether this was 
the case.

Despite the small population numbers, this captive 
badger study agrees with many of the conclusions reached by 
Mahmood in his thesis (Mahmood, 1985). Tuberculosis of 
badgers is a chronic disease, although they do have a cell 
mediated immune system which is capable to a certain extent 
of controlling the disease when vaccinated.

Although having shown some efficacy in this study and 
earlier (Mahmood, 1985), problems concerning the use of BCG 
in the wild may negate its use. Vaccination of a wild 
population by the oral route is easier than when given 
intradermally. Oral killed M.vaccae has demonstrated 
potential as a vaccine, as measured by the parameters 
selected, such as bacillary excretion, maintenance of body 
weight, LTT and organ pathology (the latter two parameters 
also seen in the guinea pig pilot vaccine study 4.2.). 
M.vaccae is not derived from the tubercle bacillus and is 
easily cultured. Xts use as a badger vaccine, when
given orally, was therefore advocated for field study in a 
wild badger population.
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7.2. Evaluation of vaccine safety in badgers.
This study assessed the safety of large doses of oral 

killed M,vaccae. The five captive badgers included in this 
study, their geographical location, age, sex and any known 
past history is shown in table 7.7.

Badger.
1

Location.
Gloucester
shire .

Age. Sex.
1 year M

Past history,
previous 
hip injury.

orphan.

Wales. 2 years M previously
baited.

Norfolk 3 years M nil

Table 7.7. Details of badgers included in vaccine safety 
study.

The vaccine used in this study was manufactured
as described in Chapter 9, i.e. killed M.vaccae mixed with 
lactose, starch and gentian violet and packaged into 
gelatine capsules. The vaccine formulation used for this 
study used 10 times the standard dose of M.vaccae i.e. 
1010/dose.

All badgers were given the capsules in their usual food 
except for the Welsh badger, which was hand fed. Examples of 
possible toxic effects (shown in table 7.8.) were explained 
to the badger owners and badgers observed for one week. All 
observers were experienced in normal badger behaviour.
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Decreased/increased activity.
Aimless wandering.
Increased phonation.
Increased shyness (if tame).
Increased/decreased social interaction.
Increased aggression towards owner or other badgers 
Convulsions.
Paralysis.
Prostration.
Diarrhoea/decreased defaecation.
Apnoea.
Dyspnoea.
Unusual discharge from any part of the body. 
Piloerection.
Anorexia.
Death.

Table 7.8. Physical and behavioural criteria for
examination of badgers in safety study 
(scheme based on Loomis, 1978).

None of the badgers studied exhibited any of the signs 
shown in table 7.8. The use of oral killed M.vaccae was 
therefore considered safe for badgers when tested for acute 
toxicity at 10 times the standard dose.

7.3. Vaccine acceptance by wild badgers.
The acceptability to an animal of a drug and its 

packaging are essential to its success. Investigations 
into the feasibility of feeding gelatine capsules, with 
filled with lactose and either uncoated or coated in 
chocolate, was assessed in three studies. The first two 
studies involved 2 small groups of badgers, one wild and 
the other captive but not tame. Here, merely the numbers of 
capsules eaten was noted. The third investigated a group of 
seven setts throughout England and assessed behaviour of 
wild badgers during capsule consumption. As successful 
vaccination relies on the wide distribution of the drug 
solely amongst the badger social group, this study was 
considered necessary.
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7.3.1. Study one.
A wild population of up to six Gloucestershire badgers 

was observed. Size 1 and 2 natural coloured gelatine 
capsules were filled with coloured plastic chips (Cheeseman 
et al.. 1981) and laid in a peanut and honey bait
positioned close to badger paths and around sett entrances. 
Placing of capsules took place just prior to emergence time 
and capsules were replenished on day 3 if eaten. Each 
morning, sites were inspected for uneaten capsules and any 
chewed but rejected ones noted.

Pre-baiting was not performed, as difficulty in 
reaching an inaccessible sett was experienced by the 
conservationist who performed this study. Although dung 
pits were inspected for the presence of coloured chips, it 
was later realised that such a small amount of chips would 
be difficult to find in well distributed faeces.

Details of capsule consumption are described in table
7.9.
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Capsule size. Chip colour. Days.
1 2  3 4

1 pink c c + c
1 frilled nf e

pink
1 red nf nf + e

hole
1 purple nf e
2 yellow nf nf + e
2 orange nf nf + m
2 white nf e
2 green e

nf = not found 
c = chewed 
e = eaten
m = taken by mouse ?
+ = fresh capsules laid

Table 7.9. Acceptance of gelatine capsules by badgers.

7.3.2. Study 2.
Two captive but untame yearling badgers, familiar 

with peanuts, were given sizes 1 and 2 gelatine capsules, 
containing one of four colours of plastic chip. Capsules 
were enclosed in bait and laid as before. All capsules 
disappeared from their bait site and were presumed eaten.

Discussion of studies 1 and 2.
Badger setts in study one were not pre-baited with

peanuts, and being unfamiliar with them, badgers would not
eat them until having investigated them for 2 days (except
one which ate the bait immediately). However the captive
badgers in study two were familiar with peanuts and
readily ate the capsules without delay. From these
studies, a period of pre-baiting would seem essential in a
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vaccine trial involving wild badgers. The size 1 capsules 
containing pink chips were always chewed and rejected, 
perhaps by the same badger (as they may follow a pre
determined route each night [E. Overend, personal 
communication]). Why this badger should persistently bite, 
but not swallow capsules was unknown.

The capsules were eaten by badgers only, except for one 
capsule which was possibly taken by a mouse.

7.3.3. Study three.
It was obvious from studies 1 and 2 that badgers would 

eat gelatine capsules filled with lactose. However, badger 
hierarchy and behaviour in relation to capsule consumption 
was still to be determined as well as the possibility that 
species other than the badger may take the 
capsules.

This study was performed by members of several badger 
conservationists and involved the pre-baiting of setts with 
peanuts for several days, followed by the laying of 30 
chocolate coated placebo capsules at individual bait sites. 
A period of nocturnal observation followed and observations 
are shown table 7.10.
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Sett. Area. Date. Emergence Pre bait Duration
time. taken ? at bait site

(min).
A Herts 8/88 21.50 yes 56
B Kent 7/88 22.10 yes 45-50
C Staffs 8/88 20.30 cubs }not 37 cubs

21.30 adults}given 52 adults
D Surrey 8/88 20.30 yes 6
E Gwent 8/88 21.05 yes 75
F Gwent 8/88 21.10 yes 54
G Gwent 8/88 21.00 yes 37

Table 7.10. Placebo capsule acceptance by wild badgers.

Sett. Badgers coming Number of
to site. badgers known

to live in
Adults Cubs sett.

A 3 1 5 - one of which was
chased from bait
site.

B 2 3 5
C 2 2 4
D 0 3 4
E 4 5 9
F 0 5 9
G 0 2 2

Table 7.10 contd. Placebo capsule acceptance by wild
badgers.



Sett. Cub/adult Dominance. At least How many eaten,
priority. 1 capsule (out of 30)

consumed 
by each 
badger coming 
to bait site.

none

B
C

D
E

F
G

female
adult

no
cubs 
(emerged 
first)
no
no

one chased 
from site.

yearling yearling
no

no
no

no
no

yes

yes

30

25
yes, except 30
1 male adult 
annoyed by 
cub, so left site.
yes
yes

yes
yes

30
30

30
30

Table 7.10 contd. Placebo capsule acceptance by wild
badgers.

Sett. Number bitten 
but spat out.

A 0
B 0
C male cub split

capsule,but licked 
up contents

D 0
E 0
F 0
G 0

Table 7.10. contd. Placebo
badgers.

Rural/ 
urban sett.

0 rural
0 woods
0 rural

0 rural
0 rural
0 rural
0 rural

capsule acceptance by wild

Other species 
eating capsules.
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A programme designed to orally vaccinate a wild badger 
population successfully, necessitated an understanding of 
the the eating habits of this animal. In addition, 
knowledge of whether animals other than the badger would 
consume or remove capsules was necessary. Studies 2 and 3 
have shown that although most badgers in a sett will eat 
the capsules, themouse may occasionallytake one. No other 
species intervention was noted in either study. Study 3 has 
also shown a variation in badger group emergence times,
occurring in August, over a period of 100 minutes. This
suggests that each sett should be treated individually with 
respect to either the timing of capsule deposition or 
badger observation. Badger dominance was seen to a very low 
degree and found not to interfere with capsule consumption.

The main conclusion of these three studies was that 
it should be relatively easy to administer vaccine to wild 
badgers.

7.4. Conclusions of Chapter 7.
Administration of 109 killed M.vaccae bacilli given

orally to captive badgers suggested a potential to 
prevent the spread of tuberculosis amongst the wild 
population. No acute toxicity followed consumption of ten 
times this dose and the formulation described in Chapter 9 
was found acceptable to the wild badger. The simple method 
used to lay capsules ensured that most badgers in a sett 
received at least one dose of vaccine.

The work described in this chapter displays the 
potential for a badger vaccine formulation which would be 
acceptable to wild badgers.
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CHAPTER 8.

VACCINE STUDIES IN CATTLE.
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CHAPTER 8.
VACCINE STUDIES IN CATTLE.

8.1. Introduction.
If the use of a badger vaccine is implemented in the

wild it may be laid in areas where badgers and cattle
share the same feeding ground. The active ingredient of
this vaccine is killed M.vaccae and its effect on the
bovine immune system following consumption is unknown. The
compulsory area eradication scheme for tuberculosis in
Great Britain has been largely responsible for the near
elimination of tuberculosis in cattle. Any interference
with it may lead to the classification of a non-tuberculous
animal as tuberculous, with economic loss to the farmer, or
a tuberculous animal as healthy, allowing spread of the

to mandisease throughout the herĉ . The study reported in this 
chapter investigates any such interference.

Three studies were performed. The first, in England, 
looked at sensitisation of non-tuberculous cattle, which 
would result in a positive skin test. This examined a 
small population of cattle given doses of vaccine, followed 
by a skin test with bovine and avian PPD. Cell mediated and 
humoral immune responses to mycobacterial reagents were 
studied by the LTT and ELISA respectively. Any changes in 
haematological parameters resulting from vaccination and 
skin test were also noted. The second study, carried out by 
the DAFF, Eire, also investigated induction of a positive 
skin test response in non-tuberculous cattle but used 
various ages and both sexes of cattle. The third study,
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also performed in Eire, investigated the possible 
desensitisation of an animal with a positive skin reaction 
by consumption of vaccine.

8.2. English study.
Twelve 4-6 month old bullocks' of either Friesian

or Aberdeen Angus X Friesian breed were housed in pairs at 
the CVL. Each was identified by a numbered ear tag and fed 
a conventional diet.

Each calf was assignedvto one of the treatment groups 
shown in table 8.1..

Calf. Pen. Breed. Treatment group.
96 3 AA
99 6 F

100 5 F
101 2 F Vaccinates.
103 1 AA
104 1 F
105 6 F
106 4 F
95 4 F Positive control
97 2 F group.
98 5 F Negative control

102 3 F group.

AA = Aberdeen Angus x Friesian.
F = Friesian.

Table 8.1. Pen, breed and treatment groups of cattle in 
the English study.
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8.2,1, Vaccine dosing, venepuncture and skin test.
Eight calves were dosed orally with 1011 autoclaved 

M.vaccae. strain R877R, ie. 100 vaccine doses, contained 
in 3 ml of borate buffer. These cattle are referred to as 
"vaccinates". Two calves were each given 4 mg of autoclaved 
BTB intramuscularly in oil, followed 24 hours later by 0.2 
mg in saline into the jugular vein, these were the 
"positive controls". Two calves received no treatment, 
and are referred to as "negative controls".

Each calf was skin tested in the 
neck with 0.1 ml of 1 and 0.5 mg/ml Weybridge bovine and 
avian PPD respectively, prior to treatment and 6 weeks 
later. Testing of alternate calves was repeated either at 
12 or 18 weeks, representatives of each treatment group 
being included each time. This alternate testing was 
implemented when it was realised that, routinely, cattle 
are not re-tested within £0 days of a previous test. All 
skin tests were performed by Mr E. Boughton, MRCVS and any 
increase in skinfold thickness after 72 hours was recorded. 
Interpretation of possible skin test results using 
Weybridge PPD is shown in table 8.2.

v
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Reactor class. Reaction.

Positive 4 mm excess of bovine to avian
reaction.

Negative 0 mm bovine reaction
OR

when positive or inconclusive, bovine 
reaction smaller than or equal to a 
positive pr inconclusive avian reaction.

Inconclusive Bovine reaction eaual to or]not more than
1 4mmigreater than the avian reaction.

Standard interpretation for herds with no recent history of 
tuberculosis and no evidence of infection at autopsy of 
previous reactors.
Table 8.2. Classification of reactor status following skin 

test with Weybridge avian and bovine PPD.

Half the calves were venepunctured prior to 
commencement of the study and all calves at 6 weekly 
intervals, up to 18 weeks. Three 10 ml "Vacutainer" tubes 
of venous blood were taken on each occasion, two containing 
lithium heparin and the third no additives (Becton 
Dickinson, U.K). The clotted blood sample was either 
transported the same day to the Pathology Department CVL or 
stored overnight at 4°C. At each venepuncture after 
treatment,thenumbers of white blood cells (WBC) and 
lymphocytes were measured and a PMN count calculated. From 
this, a PMN:lymphocyte ratio was found. Staineu smears were 
also examined for any morphological abnormalities. 
Heparinised samples were returned to the London laboratory 
within 2-3 hours of venepuncture for LTT and ELISA tests. 
Treatment regimes and experimental procedures are shown in 
fig 8.1.
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12 Calves.

Treatment regime:
1011 oral killed 
M.vaccae (8)

LTT and ELISA 
+ skin test [all calves] 

+
haematology [6 calves] 
(week 0)

Ii/m and i/v killed 
bovine tubercle 
bacilli [2]

Nil [2]

6 weeks

LTT and ELISA
+

haematology [all calves]
+

Skin test [4 vaccinates,
(week 6) 1 positive and

1 negative control]

6 weeks

LTT and ELISA +
haematology [all calves]+
Skin test [those not tested at 

6 weeks]
(week 12)

6 weeks

LTT and ELISA
haematology [all calves]+
Skin test [those tested at 6 

weeks]
(week 18 - end of study)

i/m = intramuscular 
i/v = intravenous 
[ ] = numbers of calves
Fig 8.1. English cattle study - treatment regime and 

experimental procedures.
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8,2.2, In vitro immunological studies.
ELISA.

Antibodies to fifteen mycobacterial antigens were 
detected by ELISA using sera diluted 1:200 and rabbit anti- 
bovine antibody conjugated to horseradish peroxidase at 
1:1000 (Dakopatts, Denmark).

Antigens used included: Scrofulin, Ranin, Flavescin,
Vaccin, Neoaurumin, Diernhoferin, Gordonin, Kansasin, 
Xenopin, New tuberculin and Aviumins A, B and C, prepared 
as previously described (Paul et al.. 1975). Weybridge
avian and bovine PPDs were also included and all antigens 
were used at 0.01 mg/ml.

LTT.
Heparinised blood was centrifuged at 3500xg for 8 min 

and the plasma removed. Cells were diluted with the same 
volume of RPMI-1640 (Gibco Ltd., Scotland) and 6 ml layered 
onto 3 ml of lymphocyte separation medium (density 1.077 
g/ml, Flow Laboratories Ltd., Scotland). After 
centrifugation at 2200 g for 30 min, the white cell layer 
was removed, diluted with RPMI-1640 and centrifuged at 1500x 
g for 10 min. The cells were further washed at lOOOxg for

f.10 min and the concentration adjusted to 2 x 10 /ml before
being washed again as above. Staining (Diff Quick, Merz
and Dade A.G, Switzerland) of a sample of the cell
suspension verified purity of lymphocyte population. Cells
were cultured in 96 well flat bottom plastic microtitre
plates (Nunc, Denmark) in a 10% final concentration of
foetal calf serum (FCS, Gibco Ltd., Scotland) diluted in
RPMI-1640 supplemented with 0.125 mg/ml of penicillin and
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0.125 units of streptomycin.
Antigens used were as follows:

Autoclaved Glaxo BCG 4xl06/ml 
Live Glaxo BCG 4xl06/ml 
Autoclaved M.vaccae 4xl06/ml 
Avian PPD 0.01 mg/ml 
Bovine PPD 0.01 mg/ml 
New tuberculin 0.01 mg/ml 
Control (RPMI-1640)

Volumes of 0.05 ml of antigen and 0.1 ml of cells were added to 
0.1 ml of the FCS/antibiotic mixture, which had been pre
incubating in microtitre wells for 20-30 min at 37°C.

Cells were incubated for 4 days at 37°C with 5% C02,
then pulsed for 14 hours with 0.0003 mCi of 3H thymidine 
(Amersham International U.K). Radioactivity was counted as 
described previously (Mahmood, 1985).
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8.2.3, Results.
8.2.3.1. Skin tests.

Weeks after treatment.
Calf. 6 12 18

A B A B A B
Vaccine.

96 1 2 (1) ND ND Dead.
99 1 1.5(0.5) 0 0 (0) 0 0 (0)
100 2 2 (0) 0 2 (2) ND ND
101 0 3 (3) 0 0 (0) 0 0 (0)
103 0 2 (2) 0 0 (0) 0 0 (0)
104 0 0.5(0.5) ND ND 0 0 (0)
105 0.5 1.5(1) ND ND 0 0 (0)
106 0 1.5(1.5) ND ND 0 0 (0)
Mean 0.6 1.8 (1.2) 0 0.5 (0.5) 0 0 (0)
sd 0.7 0.7 (1) 0 1 (1) 0 0 (0)
Positive
controls.
95 1 16 (15) 5 10 (5) 6 14 (8)
97 2 16 (14) ND ND 8 16 (8)
Mean 1.5 16 (14.5) 5 10 (5) 7 15 (8)
sd 0.7 0 (0.7) 0 0 (0) 1.4 1.4(0)
Negative
controls.
98 1.5 1 (-0.5) ND ND 0 0 (0)
102 0.5 1 (0.5) 0 1 (1) 0 1 (1)
Mean 1 1 (0) 0 1 (1) 0 0.5(0.5)
sd 0.7 0 (0.7) 0 0 (0) 0 0.7(0.7)

Neither reagent caused any increase in skin thickness prior 
to vaccine dosing or injection of killed BTB.
A = avian PPD 
B = bovine PPD
() = Excess in skin fold thickness of bovine to avian

reaction.
Table 8.3. Increase (mm) in skinfold thickness following 

skin test.



8.2.3.2. LTT.
After vaccination or injection of BTB, no significant 

lymphocyte transformation to M.vaccae. avian and bovine 
PPDs or New tuberculin antigen was seen for any of the 
treatment groups. However after 6 and 18 weeks, a 
significant difference was found with whole BCG, when 
lymphocytes from positive control cattle showed 
significantly greater transformation to live BCG antigen 
than vaccinates at 6 and 18 weeks (p<0.002 - 0.05) and to 
killed BCG at 18 weeks (p<0.001). Vaccination did not 
influence lymphocyte transformation.

LTT data are shown in table 8.4.
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Antigen. Weeks after treatment.
12 18

Glaxo BCG (killed).
Vaccinates

Positive
controls

Negative
controls

mean
sd
n

Glaxo BCG (live)
Vaccinates

Positive
controls

Negative
controls

M.vaccae (killed)
Vaccinates

Positive
controls

Negative
controls

0.66
0.48

25
21

0.46
1

0.88
0.33
8
0.85
0.14

95
35

1.27
0.66
8
0.95
0.07
2
0.60
1

5.79
11.30
5
1.10
0.42
2
0.65
0.07
2

74
27

20
00

0.88
0.17
2

1.73
1.58
8
1.65

06

75
18

0.21
0.25
4
9.43

13.26
2

0.81
0.36
6
13.20
13.86

00
00

0.99
0.68
6

79
00

0.74
1

0.34
0.27

00
00

0.16
1

1.52
2.20
6

25
47

95
07

26
00

68
67

0.64
0.08
2

Table 8.4. Cattle LTT results (S.I.).
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Antigen. Weeks after treatment.

Avian PPD.
12 18

Vaccinates mean 1.5S 1.10 0.87 2.59
sd 0.61 0.39 0.31 3.66
n 8 6 6 6

Positive 1.25 3.50 8.20 7.10
controls 0.64 10.18 7.64

2 1 2  2
Negative 1.10 1.55 1.15 1.50
controls 0.14 0.35 0.07 0.71

Bovine PPD
2 2 2 2

Vaccinates 1.66 1.14 1.40 1.72
0.52 0.47 0.93 1.62
8 5 6 6

Positive 0.94 4.60 1.77 12.65
controls 0.23 1.46 7.57

2 1 2  2
Negative 0.98 1.70 1.10 1.05
controls 0.57 0.28 0.49

1 2  2 2
New tuberculin.
Vaccinates 0.79 0.79 1.05 1.04

0.26 0.34 0.57 1.28
8 6 6 5

Positive 0.55 2.80 5.05 9.75
controls 0.03 5.30 11.38

2 1 2  2
Negative 0.90 0.90 1.33 0.32
controls 0.09 0.14 0.67

2 2 2 1
Table 8.4. contd. Cattle LTT results (S.I.).
8.2.3.3. ELISA.

No significant variation in antibodies to any of the 
mycobacterial reagents existed before treatment.

Following treatment, antibodies to bovine PPD were 
significantly greater for the positive control group than

184



either the negative control or vaccinates (p range <0.001- 
<0.05). Antibodies to avian PPD were less varied between 
the groups, although the positive control group had 
significantly greater levels of antibody than vaccinates 
at 6 and 18 weeks (p<0.05 and <0.005). At 12 weeks, 
vaccinates had significantly greater levels of antibody 
than the negative control group (p<0.02).

Significant amounts of antibodies to Vaccin, a 
tuberculin made from the vaccine species M.vaccae were seen 
only in the positive control cattle, being greater than in 
the vaccinates at all times following vaccination (p range 
<0.01 - 0.001), and the negative control group at 12 and 18 
weeks (p<0.01). Vaccination led to a slight rise in 
antibodies to Vaccin, although this was seen also in the 
negative control group. Antibodies to New tuberculin were 
significantly greater in the positive control group than 
both the negative control and vaccinates at 12 and 18 weeks 
(p range <0.001 - 0.02).

Levels of antibodies to reagents prepared from both 
slow and fast growing mycobacteria were very similar, 
indicating recognition of the common antigens of 
mycobacteria. Antibody responses to reagents within these 
two groups were therefore pooled. Responses to Gordonin, 
made from the slow grower M.aordonae. were not however 
included as they were much greater than others in this 
group. Antibodies levels to fast growers increased with 
time and were found in significantly greater amounts than 
those to slow growers at 6-18 weeks for negative controls 
(p<0.05-0.01) and 12-18 weeks for vaccinates and positive
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controls (p<0.05 - 0.001). Although the responses between 
vaccinate and negative control cattle were not significantly 
different for slow growers, positive control cattle did 
have significantly higher levels of antibodies than either 
(p<0.001). Injection of BTB (positive controls) led to 
significantly greater amounts Ito fast growers 
compared to either vaccinates or negative controls (p<0.05 
- 0.01). Vaccination with 100 doses of badger vaccine did 
not influence responses to slow and fast growers (except 
for a significant excess of antibody to fast growers shown 
by the vaccinated as compared to the negative control group 
at 18 weeks (p<0.02).

ELISA data are shown in table 8.5.
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Antigen.
Treatment 
group-

Nt
0 6

Weeks
12 18

Vaccinates mean 0.46 0.45 0.55 0.52
sd 0.12 0.12 0.11 0.12
n 8 8 7 6

Positive 0.53 0.83 2.00 1.85
controls 0.08

2
0.81
2

0.14
2

0.20
2

Negative 0.43 0.50 0.54 0.40
controls 0.03

2
0.10
2

0.19
2

0.01
2

Vaccin
Vaccinates 0.43 0.70 0.62 0.62

0.10 0.30 0.45 0.14
8 8 7 6

Positive 0.35 1.35 2.85 3.30
controls 0.01 0.20 0.20 0.28

2 2 2 2
Negative 0.33 0.60 0.06 0.45
controls 0.04 0.14 0.09 0.07

2 2 2 2
PPD—A
Vaccinates 0.33 0.14 0.25 0.08

0.12 0.05 0.04 0.03
8 8 7 6

Positive 0.32 0.49 0.72 0.32
controls 0.14 0.30 0.23 0.07

2 2 2 2
Negative 0.28 0.20 0.30 0.13
controls 0.03 0.10 0.00 0.04

2 2 2 2

Table 8.5. Cattle antibodies (absorbance values).
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Antigen.
Treatment
group.

PPD—B
Vaccinates Mean

sd
n

0.40
0.10
8

Weeks

0.64
0.27
8

12
0.63
0.14
7

18
0.52
0.17
6

Positive
controls

0.30
0.08
2

3.00
0.00
2

00
00

8.40
0.57
2

Negative
controls

55
32

0.73
0.10
2

63
20

0.50
0.10
2

Go
Vaccinates 0.72

0.12
8

2.38
1.70
8

3.00
1.75
7

2.33
0.62
6

Positive
controls

0.78
0.18
2

90
61

9.50
0.85
2

13.65
1.20
2

Negative
controls

0.60
0.16
2

60
14

70
28

1.60
0.07
2

Pooled slow growers minus Go
Vaccinates 0.65

0.15
48

0.57
0.30

48
0.39
0.12

42
0.64
0.17

36
Positive
controls

0.60
0.33

12
24
28
12

37
23
12

00
10
12

Negative
controls

63
10
12

56
16
12

40
24
12

54
22
12

Pooled fast growers
Vaccinates 0.66

0.18
32

73
50
32

74
86
28

80
17
24

Positive
controls

0.70
0.06

8
48
64
8

80
37
8

38
20
8

Negative
controls

0.60
0.09

8
0.73
0.12

8
0.65
0.12

8
0.70
0.05

8
Table 8.5. contd. Cattle antibodies (absorbance values).
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8.2.3.4. Haematology.
Haematological profiles throughout the study are shown 

in appendices 8.1-8.2. Neither the vaccinated nor positive 
control groups differed in profiles from the negative 
control group (which was considered normal throughout t̂ he 
study). Examination of stained smears made throughout the 
study revealed no morphological abnormality. PMN:lymphocyte 
ratios are shown in appendix 8.3.. A reduction in this 
ratio shown by the positive control group at 18 weeks, 
resulted from a reduction in the PMN numbers but was not 
outside the normal range (Schalm, 1986).

8.2.3■5- Comments.
Three months after vaccination, calf 96 (vaccinate)

died suddenly. Tests for infection included those for
anthrax, mycobacterial disease, respiratory syncytial 

infection, virus infection, virus y\ parainfluenza 3 a  infectious bovine rhinotracheitis
and bovine viral diarrhoea, all of which were negative.
Autopsy showed the cause of death to be due to a severe
pneumonia with associated pulmonary oedema but was not
thought to be associated with the study.

As calf 100 (vaccinate) was under treatment for
ringworm, skin test and venepuncture were not performed at
18 weeks post vaccination.

* = By Mr E. Boughton, MAFF veterinary surgeon.
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8.3, Irish study.
8.3.1. Skin test sensitisation.

Fourteen healthy cattle were used in this study and
were either of the Charolais, Friesian, Hereford or
Limerick breed. All were housed and fed conventionally on
DAFF premises, Eire.

Vaccine dosing involved the oral administration of the
vaccine formulation described in Chapter 9 and not M.vaccae
alone, as for the English study, 

cattle
All a  were skin tested prior to dosing and at 84 - 91

days afterwards. Skin testing was performed as before but
used 0.1 ml of Lelystad avian and bovine PPD (0.5 and 1
mg/ml respectively). 5‘kin-fold thickness was

0 andrecorded at^72 hours.

Experimental procedures and dosing regimes are shown in 
figs 8.2. and 8.3.. Interpretation of possible skin test 
results using Lelystad PPD is shown in table 8.6.. Results 
of sensitisation are shown in table 8.7.

Reactor class. Reaction.

Positive As shown in table 8.2.
Negative As shown in table 8.2.
Inconclusive h

Standard interpretation for herds with no recent history of 
tuberculosis and no evidence of infection at autopsy of 
previous reactors.
Table 8.6. Classification of reactor status following skin 

test with Lelystad avian and bovine PPD. .
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Healthy 
cattle.
Skin test 1 

+
Vaccinate

84 - 91 days

Skin test 2

Fig 8.2. Irish skin test sensitisation study - timing of 
experimental procedures.

14 cattle
Age
groups

3 months 
old (4)

Sex.

Vaccin Si 
dose.

60
(1)

2U(2)
20
(1)

1 year 
old (3)

/ \  iF (3) M (1) M (3)

20 60(2) (1)

2 years 
old (2)

I
Adults
(5)

F (2) F (5)

20 20 60
(2) (4) (1)

F = female 
M = male
( ) = numbers of cattle

Fig 8.3. Irish skin test sensitisation study - dosing 
regime.
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8.3,1,1, Sensitisation results-
Sex/age. Dose of Increase in skin fold

vaccine. 'thickness (mm).
A/B

Before After Difference
vaccine. vaccine. between

pre and post 
vaccination.

Heifer/3 months 60 0/0(0) 2/0(0) 2/0
Heifer/" " 20 0/0(0) 0/0(0) 0/0
Heifer/" " 20 0/0(0) 0/0(0) 0/0
Male/3 months 20 0/0(0) 0/0(0) 0/0
Steer/1 year 20 5/0(0) 4/2(0) -1/2
Steer/" " 20 0/0(0) 0/0(0) 0/0
Steer/" " 60 0/0(0) 8/0(0) 8/0
Heifer/2 years 20 0/0(0) 0/0(0) 0/0
Heifer/" " 20 0/0(0) 0/0(0) 0/0
Cow/adult 60 3/0(0) 2/0(0) -1/0
Cow/ " 20 3/1(0) 2/0(0) -1/-1
Cow/ " 20 1/2(1) 0/0(0) -1/-2Cow/ " 20 3/0(0) 3/3(0) 0/3
Cow/ " 20 4/0(0) 2/2(0) -2/2
A = avian PPD, B = bovine PPD , ( ) = excess of bovine to 

avian response.
(Skin tested by DAFF veterinary surgeons ).
Table 8.7. Increase in skin fold thickness following 

vaccination.

8.3.2. Skin test desensitisation.
The study involved one tuberculous 2 year old heifer, 

which was dosed by mouth with 200 doses of the final 
vaccine formulation described in Chapter 9. Skin testing 
was performed at 138 and 54 days prior to and 34 days 
following vaccine dosing (see fig. 8.4.). The husbandry, 
skin testing and dosing techniques are described in 8.3.1. 
and the timing of experimental procedures is shown in fig.
8.4. .
= reactor heifer routinely removed from farm.
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Tuberculous heifer.
Skin test 1

84 days 
Skin test 2

54 days 
200 doses of vaccine

34 days 
Skin test 3

Fig. 8.4. Irish skin test desensitisation study - timing 
of experimental procedures.

8.3.2.1. Desensitisation results.
Days

Before vaccine dosing:
-138
-54

After vaccine dosing: +34
A = avian PPD, B = bovine PPD,

Increase in skin 
fold thickness (mm) 

A/B

8/42 [34]
20/100 [80]
5/70 [65]

[ ] = excess of bovine to 
avian response.

Table 8.8. Skin fold thickness of a tuberculous heifer 
after dosing with 200 vaccine doses.

8.4. Discussion.
The introduction to this chapter described the success 

of the bovine skin test in the near eradication of 
tuberculosis from herds. Any sensitising or desensitising 
effects of vaccine ingestion must be known.

Skin test positivity usually develops in cattle, 2-4 
weeks after infection and is indicated by an excessive
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increase in skin fold thickness to bovine as compared to 
avian PPD. This test is open to cross reactivity, although 
the change in 1975 from the use of human to bovine PPD
has reduced problems of cross reaction following 
sensitisation to M .paratuberculosis and M.avium. Factors 
other than contact with mycobacteria can interfere with 
skin test responses and lead to sensitisation. These 
include infection with Corynebacterium pyogenes (Gregory, 
1949) Brucella. Nocardia and some mycoses (Paterson, 1956; 
Affronti, 1959; Freerksen and Lauterbach, 1961; Lesslie, 
1967; Lall et al.. 1969; Galati and Damiano, 1974).
Vaccination of cattle with BCG or M .paratuberculosis can 
lead to skin test positivity (Doyle and Stuart, 1958;
Stuart, 1962) and this can also be induced by drinking

<water containing large quantities of mycobacteria (Kazda, 
1967). Freerksen and Lauterbach (1961) have also 
demonstrated a temporary sensitisation to mammalian PPD 
after oral dosing with M.phlei. M.fortuitum and 
M.smeamatis.

In cattle, very little is known of the immunological 
basis of anergy to tuberculin. For both cattle
and humans, skin testing can become negative during 
extensive infections with M .tuberculosis (Citron and 
Scadding, 1957) as well as in pregnancy and nutritional 
disorders (Francis, 1958). More than one injection of 
tuberculin into a sensitised animal can suppress a skin 
test response (Outteridge and Lepper, 1973; Corner et al., 
1976) suggesting that the lack of tuberculin sensitised 
lymphocytes seen in anergic cattle may be due to their
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removal from the recirculating pool and continual 
suppression in lymphoid tissue. Rook, in 1975 suggested 
that loss of skin test positivity may follow antigen 
overload and although the production of suppressive B 
lymphocytes has been proposed (Katz et al.. 1974), Rook
also suggested that this anergy is reversible and affects 
both in vitro and in vivo correlates of DTH. Additionally, 
the mechanism may not be dependent on humoral factors 
(Rook, 1975).

Responses to skin tests with avian PPD may be 
influenced seasonally, rising in the summer. In contrast 
the prevalence of sensitivity to human PPD has been shown 
to vary irregularly throughout the year (British 
Tuberculosis Association, 1963). The isolation of
mycobacteria from tonsils, mainly in spring is compatible 
with this idea (Stewart et al.. 1970).

Although the skin tests of both animals and humans can 
be affected by contact with mycobacteria, Paterson, in 1956 
stated that "cattle do not readily develop sensitivity to 
mammalian tuberculin by contact with saprophytic 
mycobacteria alone". Whether sensitisation or
desensitisation would follow oral consumption of M.vaccae 
was not known. The work in this chapter attempts to answer 
this important question.

8.4.1. English study.
When the in vitro cellular immune responses of the

cattle in this study were investigated, it became evident
even prior to vaccination or injection of BTB that a
baseline variation in the ability of lymphocytes to
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transform to New tuberculin and bovine PPD existed. This 
probably reflected previous experience of the shared common 
antigen of environmental mycobacteria and was not due to 
contact with tuberculous cattle.

As interpretation of the bovine skin test is based on 
an excess in reaction of bovine to avian PPD, a statistical 
comparison between LTT response to avian and bovine PPD was 
made. It showed no significant difference for any of the 
treatment groups (including positive controls) at any time, 
and suggests that although skin test and LTT are both a 
reflection of cellular immunity, their exact relationship 
is unclear.

In conclusion, ingestion of 100 doses of badger vaccine 
failed to influence lymphocyte transformation
significantly to several mycobacterial antigens tested, 
unlike injection with BTB.

No significant variation in antibodies between 
treatment groups existed before commencement of the study. 
Not unexpectedly, calves injected with BTB produced high 
levels of antibodies to all the antigens tested which 
indicated increased recognition of the shared common 
mycobacterial antigens. Antibodies to bovine PPD were 
particularly high.

Mycobacterial antibodies of vaccinates did not differ 
greatly from those of the negative control group and so it 
can be surmised that consumption of 100 doses of badger 
vaccine does not influence the bovine humoral 
response. However, antibodies to Gordonin were produced in
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large amounts by all groups throughout the study. As
levels were much higher than

|to either slow or fast growers, 
antibodies detected^ the response was probably directed to
the species -— specific antigens of M.aordonae. This
mycobacterial species has been found in soil, birds'
excreta, insects and tap water (Stanford and Paul, 1973?
Tsukamura et al.. 1974; Gangadharam et al.r 1976). Any of
these may have been the source of large numbers of
M.aordonae for these cattle.

The cattle in this study often had significantly higher
levels of antibodies to fast compared with slow growers and
this may reflect the variation in the spectrum of
environmental mycobacterial species.

As this study followed the humoral response of skin
tested cattle, it was important to ascertain whether any
observed antibody change resulted from vaccination or from
skin testing. Consequently pnly data from the negative
control group were analysed. Skin testing was found to have
no effect on the production of antibodies to Vaccin, New
tuberculin or bovine PPD, although antibodies to avian PPD

thanwere significantly lower at 18 weeksyywhen
skin testing began (p<0.05). The induction of

antibodies to PPD in relation to a positive skin test was
also investigated. Although no trend was shown for the
vaccinated or negative control groups, the positive control
group showed an inverse relationship between a decreasing
excess of bovine to avian skinfold thickness and increasing
difference between antibodies to bovine and avian PPD.

Cattle are living in an environment full of different
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combinations of mycobacterial species, all interacting to 
produce a myriad of skin test reactions. Interpretation of 
this test must therefore be made cautiously.

As discussed earlier, the second skin test in this
study was carried out too soon after the first, leading to
an excess of the bovine to avian reaction of 1.2 mm.
However, following the implementation of a 6 weekly testing

,enforcedgap (that routinely ^ by MAFF) consumption of 100 
doses of badger vaccine failed to induce a skin test’ reaction.

Skin testing has previously been shown to induce 
changes in the bovine haematological profile (Fraser, 1929; 
Hendershot and Johnston, 1942; Kerr et al.. 1949) with even 
a single dose of tuberculin causing a rise in the PMN to 
lymphocyte ratio (Arthur, 1946). Although this may not be 
of any clinical importance, it has been associated with a 
loss of bovine skin test reactivity (Francis, 1958). In 
this current study, skin testing did not influence the PMN 
to lymphocyte ratio for either negative control or 
vaccinated cattle. Although the ratio of the positive 
control group fell after 18 weeks, this was not outside 
normal limits (Schalm, 1986) and did not lead to any loss 
of skin test reactivity to either avian or bovine PPD.

8.4.2. Irish study.
8.4.2.1. Sensitisation study.

This study investigated the influences of age and sex 
on the skin test response following ingestion of large 
doses of badger vaccine.

Older cattle prior to administration of vaccine showed
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increased levels of sensitisation to avian and, to a lesser
degree, bovine PPD. This may reflect previous contact with
either M.avium or the common antigens shared by all -
mycobacteria. For the adult cows, there was some evidence 

pf the
of suppression ^ avian response, although with such small 
measurements these changes may not be meaningful. The steer 
which received 60 doses of vaccine, showed an 8 mm response 
to avian PPD, in the absence of a bovine response, but as 
only one animal of this age/sex/dose was studied, this may or 

may not be significant.

8.4.2.2. Desensitisation study.
A desensitisation study is difficult to perform, 

involving the acquisition and secure housing of tuberculous 
cattle. Consequently, at present only one animal has 
entered the study, although more are anticipated.

Skin test responses shown by this tuberculous heifer 
fluctuated greatly even before vaccine 

administration, although this is considered normal for 
tuberculous cattle (L.M O'Reilly, personal communication). 
Although the actual responses to avian and bovine PPD 
changed after vaccination, the excesses of bovine to avian 
reaction did not vary greatly and reactions were within the 
range expected from previous experience (L.M O'Reilly, 
personal communication). This was considered to be 
unrelated to the consumption of 200 doses of badger 
vaccine.
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8.5, Conclusions to Chapter 8,
If badger vaccine were to be used in the wild, cattle

would never realistically have access to 100 doses. However
this preliminary study has suggested that even if this
amount of vaccine were consumed,(the diagnosis of bovine |tuberculosis by1 skin test 
would not be compromised.
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CHAPTER 9.

VACCINE MANUFACTURE AND QUALITY CONTROL.
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CHAPTER 9.
VACCINE MANUFACTURE AND QUALITY CONTROL,

In this chapter, the manufacture and quality control of 
a vaccine designed for use in wild badgers is described and 
discussed.

9.1, Introduction.
Studies described in this thesis have suggested that 

M.vaccae. when autoclaved and given by mouth, may 
significantly reduce the period that a tuberculous badger 
excretes BTB.

The pharmaceutical form of an oral drug, developed for 
use in a wild animal population, must be carefully 
selected. It must protect the active ingredient, withstand 
environmental and climatic attack and be palatable to the 
target species. Production of the vaccine must be 
consistent and methods described in this chapter give 
assurance of this.

This vaccine was manufactured to a conventional 
pharmaceutical form and as tableting was considered 
technically difficult, necessitating the purchase of 
expensive equipment, encapsulation was used. The acceptance 
by badgers of gelatine capsules was discussed in Chapter 7.

9.2. Methods.
9.2.1. Badger vaccine manufacture.
9.2.1.1. Vaccine formulation and manufacture.

QAs one dose of vaccine contained only 10 or 1 mg of
autoclaved M.vaccae strain R877R, mixture with an inert
bulking agent before encapsulation was necessary. Spray
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dried lactose (Zeparox, Lactochem Ltd., England) has
proven safety, is sweet, has good flow qualities and is 
used extensively in the pharmaceutical industry. As
autoclaved M.vaccae is a wet preparation, a small quantity 
of potato starch was incorporated to absorb moisture (BDH 
Chemicals, Ltd., Poole, England).

Quality control of the vaccine was based on the premise 
that the amount of M.vaccae packaged into each capsule was 
related to the degree of intimate mixing of it with the 
other contents. A trace amount of gentian violet was 
incorporated (Evans Medical Ltd, Liverpool) in the
formulation and the amount in each capsule, assessed by a 
photometric method.
Vaccine formulation is shown in table 9.1.

Constituent. Weight/capsule % of total weight.
(mg)

M.vaccae 1 0.43
Lactose 184 80
Starch 46 20
gentian violet 0.02 0.00008
Table 9.1. Formulation of badger vaccine.

M.vaccae R877R was harvested from Sauton's medium
solidified with agar, on which it had been grown into the
logarithmic phase at 32°C. The approximate amount of
M.vaccae needed for one manufacture batch was placed into a
sterile glass bijou of known weight, reweighed and
autoclaved at 121°C for 15 min. Amounts of lactose, starch
and gentian violet were weighed to the correct formulation.
The autoclaved M.vaccae was removed from the walls of the
bijou by mixture with 1-2 g of starch and the mixture
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emptied into a small sterile pestle and mortar. Whilst more 
starch and gentian violet were added, the components were 
ground together. After transfer to a larger pestle and 
mortar, grinding continued until all the components were 
thoroughly combined.

The mixture was packed into size 2 gelatine capsules, 
using a Labocap manual capsule filler (Adelphi Ltd., 
England) and stored at 4°C. The procedure for placebo 
capsules was identical, but did not include incorporation 
of M.vaccae. All operations took place in a class II 
microbiological cabinet, ducted to the environment through 
a HEPA filter system and sterilised by formalin treatment 
before use.

Capsule coating studies:
Studies to find a coating which would protect capsules 

against environmental factors such as rain were undertaken.
Capsules filled with lactose and gentian violet 

were either coated in vegetable oil, treacle or honey, (the 
latter two attractive to the badger) or left uncoated, and 
then partially buried in wet soil. The degree of protection 
from moisture was determined by the leaching out of gentian 
violet into the gelatine. Treacle, oil and uncoated 
capsules allowed moisture to enter almost immediately, 
causing the capsule to collapse, whilst honey enabled it to 
remain intact and stay firm for up to 14 days. The 
implementation of a honey coating proved problematical 
however. Imported varieties are not guaranteed free from 
the honey-bee disease "foul brood" (C.L Cheeseman, personal
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communication), and, although much cheaper, its use was not 
permissible. English honies, although uninfected, were 
found to vary greatly in their capsule protecting ability. 
As English honey was also expensive, an alternative coating 
agent was sought. Witepsol H15 (Dynamit Nobel, Slough, 
England) used as a base for animal and human suppositories, 
was found extremely efficient in preventing hydration of 
the capsules. It is a white, tasteless, odourless 
hydrogenated fixed oil which although solid at room 
temperature, will melt at the body temperature of the 
badger, 38°C (J. Da Silva, personal communication). Covered 
capsules were dipped in treacle to make them attractive to 
the badger. This was found not to interfere with the 
coating, the method for which is described. Using a hair 
drier, Witepsol H15 was melted within a tablet/capsule 
coating pan. Capsules were coated, 50 at a time, and stored 
at room temperature (not at 4°C, as this led to detachment 
of the Witepsol).

9.2.2. Quality control.
Quality control is a necessary part of the production 

of any pharmaceutical product. Analysis of capsule contents 
by weight, mixing consistency, and sterility were performed 
and the efficiency of the method used to kill M.vaccae 
verified.

Master and seed cultures of M.vaccae R877R were 
established, to ensure consistency between vaccine batches.
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9.2,2.2. Methods and results of quality control:
1. Limits for filling weights (performed on 20

capsules).
Mean weight of capsule content = 231 mg +/- 6 mg

(2.6% variation).

2. Photometric analysis of test vaccine capsules.
A concentration of 0.00008% of gentian violet was 

chosen, as it led to logarithmic optical density readings. 
The contents of 20 randomly selected capsules were each 
added to 2 ml of ethanol, filtered through a 0.1 mm pore 
filter, and 0.2 ml placed in 20 microtitre wells.
Absorbance was determined as described in Chapter 4.2.2. 
and was blanked against a well containing ethanol only. A 
variation of 11% was found.

An overall error involved in the manufacture of vaccine 
was determined from calculating the root mean square of the 
errors involved in mixing vaccine constituents and capsule
filling. This was found to be 8% (range of M.vaccae
bacilli/capsule = 9.2 x 108 - 1.08 x 109).

3. Sterility tests of test vaccine.
The contents of 20 capsules were pooled and mixed with 

sterile water. The following media were inoculated 
with samples.

1). Blood agar medium incubated aerobically
2). 11 " " " " anaerobically
3). Bactec NR7A Tryptic Soy Broth medium incubated 

anaerobically
4). Castaneda bottle.
5). Robertson's cooked meat medium.
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All inoculations were performed in triplicate and 
the cultures incubated at 40°C, 37°C and room temperature
for 1 week, after which cultures 3,4 and 5 were subcultured 
onto blood agar medium and incubated as before. Growth was 
not seen on the blood agar medium at either primary or 
subculture stage and none of the liquid media developed 
turbidity. Within the methods employed, the vaccine was 
considered free from bacterial or fungal contamination, but 
viral studies were not included.

4. Efficacy of the procedure used to kill M.vaccae.
M.vaccae grown into the logarithmic phase was 

harvested from a Sauton's slope as before and put into two 
sterile glass bijoux. One was autoclaved at 121°C for 15 
min and the holding temperature assured by monitoring both 
the internal thermocouple and Bowie Dick tape. Blood agar, 
Lowenstein Jensen media and glycerol broth, were inoculated 
with both autoclaved and untreated M.vaccae in triplicate 
and incubated at 32°C for 10 days. After subculture onto 
the same media, those containing autoclaved M.vaccae were 
incubated for a further 6 weeks, following confluent growth 
of M.vaccae from the unautoclaved subculture. As 
autoclaved M.vaccae did not multiply, killing by this 
method was considered efficient.

5. Batch test of vaccine using skin tested guinea pigs.
A method of batch control for M.vaccae was required for 

manufacture of vaccine. This was -based on the skin test 
responses of guinea pigs following vaccination.

Four 2 month old female Dunkin Hartley guinea pigs were
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housed and fed conventionally at CVL.
Initially all were intradermally skin tested on the 

shaved flank with 0.1 ml saline containing either avian 
PPD, bovine PPD or Vaccin at 0.002, 0.0012 and 0.02 mg
respectively. Areas of induration and erythema were 
measured 48 hours after ipjection, but none was found.

After this time,
two guinea pigs were fed, using a plastic 1 ml syringe, 0.6 
ml of sterile water mixed with one vaccine dose of lactose,

Qstarch and gentian violet, plus two doses (2 x 10 ) of 
autoclaved M.vaccae. The 2 remaining animals received the 
above preparation, without M.vaccae (placebo).

After 6 weeks, all guinea pigs were again skin 
tested and measurements of induration are shown in table
9.2.

Guinea pig. Vaccine (+) Induration = I (mm).
placebo (-) Erythema = E (mm).

PPD B PPD A Vaccin.
1 + 0 0 0
2 +  1 =  0 0  1 =  6

E = 4 E = 6
3 - 0 0 0
4 - 0 0 0

PPD B = Bovine PPD, PPD A = Avian PPD
Table. 9.2. Induration and erythema (mm) following batch 

test skin test.
This assay was based on one similarly used during BCG

vaccine manufacture at Glaxo Laboratories. However,
intradermal BCG is usually given to these guinea pigs and
whether oral administration of M.vaccae primes the cell
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mediated immune system quite as efficiently is not known.
Variation in the priming of regulatory mechanisms has 

been shown for organisms other than mycobacteria given by 
various routes (Challacombe et al.. 1981). Additionally
M.vaccae has no slow or fast grower group antigens and 
fails to sensitise the guinea pig to PPD. This method may 
not have been a true and accurate indication of 
immunological priming, as indicated by the varied results 
shown (table 9.2.). Other factors such as the consumption 
of environmental mycobacteria may have complicated results. 
Improvement of this assay could be based on mycobacterial 
challenge of these vaccinated guinea pigs with for example, 
intradermal BCG. This would have led to measurable skin 
test responses dependent on the quality of initial 
vaccination with M.vaccae.

6. Master and working seed cultures.
To assist in the maintenance of consistency between 

vaccine batches, a master and seed culture of M.vaccae 
R877R were established. Both were stored at a concentration 
of 1010 organisms/ml in sealed containers, at -20°C, -70°C, 
and in liquid nitrogen. Storage medium was PBS supplemented 
with 15% glycerol (when used for storage at -70°C) and 
0.001% Tween 80 plus 10% bovine serum albumin (for storage 
at -20°C and in liquid nitrogen). Working seed was grown on 
Sauton's medium at 32°C and propagated further when in the 
logarithmic phase.

The type organism is also held by the 
National Collection of Type Cultures: number 11659.

209



9.3. Discussion of vaccine formulation manufacture and 
quality control.

Evidence has accumulated for the efficacy of oral 
killed M.vaccae as a vaccine for badgers against 
tuberculosis. This current chapter describes the 
formulation and manufacture of the vaccine, which was named 
“Badge Vac". Data obtained from quality control studies 
have indicated that the procedures used produced a vaccine 
which was both microbiologically clean and consistent. 
Although "Badge Vac" manufacture was simple, production of 
large numbers of filled and coated capsules was laborious 
and so automated manufacture would be desirable.
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FIELD STUDY OF "BADGE VAC" IN IRELAND.
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CHAPTER 10.
FIELD STUDY OF "BADGE VAC" IN IRELAND.

10.1. Introduction.
Epidemiological studies from Britain and Eire have 

produced conflicting evidence concerning the spread of 
tuberculosis between cattle. Whereas a low rate of lateral 
transmission exists in annually tested areas in Britain 
(Wilesmith and Williams, 1986) Mcllroy et al. have 
illustrated that breakdowns following this mode of 
transmission in Northern Ireland may be as high as 70% 
(Mcllroy et al.. 1986). Failure to transmit tuberculosis
within herds of various ages, even after nine months of 
close contact, (O'Reilly and Costello, 1988) may indicate a 
reservoir of disease in the wild animal population and as 
in Britain, the badger has been proposed as such a 
reservoir.

The DAFF now employs a system of snaring and shooting 
badgers where evidence of transmission from badgers exists. 
These measures as in Britain, have been criticised.

As a possible alternative, vaccination of wild badgers 
with "Badge Vac" was proposed in areas of cattle breakdown. 
The five year placebo controlled field study was to be 
conducted which would be double blind to both the DAFF and 
the author. This study which would test the efficacy of 
"Badge Vac" in Eire, commenced in June 1988.
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10,2. Study sites.
10.2.1. Five year protocol.

Setts were surveyed in March - April of 1988 and 
classified as either a major sett, having 3 or more active 
entrances, or as a minor sett having only 1 or 2. "Badge 
Vac" and placebo capsules were laid in June 1988 and the 
study was conducted double blind.

"Badge Vac" efficacy will be determined by a deviation 
in the number of cattle breakdowns and reactor rates of the 
two areas. Before a breakdown is ascribed to badgers, a 
thorough epidemiological investigation will have excluded 
other sources of infection.

10.2.2. Description of study sites.
The two sites chosen, Ardfield/Rathbarry and 

Reenascreena, are known collectively as the "Clonakilty 
Study Area" and are separated by an untraversable 3.3 x 6.4 
km buffer zone.

The Ardfield/Rathbarry site consists of 36.3 km2 of 
sandy light soil with reasonably good pasture land, holding 
nearly 4500 cattle at a density of 123/km2. From 1980 to 
the end of 1987, 298 reactor cattle have been slaughtered
in this area. 33 badgers also from this area have been 
autopsied and 15% found to be tuberculous. As non visible 
lesion organs were not cultured, a much higher infection 
rate may exist. Twenty seven badger setts, mostly active, 
with a maximum of 100 badgers are present, although this 
has been variable during the period of study. Badger 
density is 2.8/km2 with a ratio of at least one tuberculous 
badger to 293 cattle.
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The Reenascreena site consists of 41.4 km2 of
intensively farmed rough land, with high ground and some 
peatland and holds over 5500 cattle at a density of
138/km2. From 1980 to the end of 1987, 498 reactors have
been slaughtered in this area and 13% of herds had
reactors, although this figure rose to 21.2% in 1984. 17
badger setts were present in this area, with a ratio of one 
badger to 57 cattle. Although the prevalence of infection 
in this population of badgers has not been ascertained, a 
prevalence of 15% is also presumed, leading to a ratio of 
at least 1 tuberculous badger to 383 cattle.

10.3. Methods and observations.
10.3.1. Ardfield/Rathbarry Site.
10.3.1.1. Method of laving capsules.

The sites were pre-baited for several days to attract 
the badgers. A predetermined number of baits, consisting 
of peanuts and molasses, were laid in divots. Capsules were 
laid either singly or doubly in the baits positioned around 
each sett entrance, at a radius of 5 m. Two teams laid the 
bait, placing either 5 or 30 peanuts respectively into each 
divot with 50-75 ml of molasses. Bait sites were covered in 
most cases by stones, or if stones were not available, by a 
sod. Pre-baiting of sites was done for 5 days, followed by 
a break of 2 days (weekend), and recommencing for 3 days. 
After this time, capsules were included in the bait at 
approximately 6 capsules/badger. Capsules were laid between 
mid morning and mid afternoon and any uneaten capsules 
counted approximately 24 hours later.
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10.3.1.2. Results of caDsule acceptance.
Sett No. caps laid. No. caps eaten. % acceptance
lm 32 X 2 63 99
2m 16 X 2 28 88
3M a 23 X 2 20 44
m b 5 X 2 3 30
4M a 18 X 2 23 64
m b 14 X 2 15 54
5m 10 X 2 1 5
6m 15 X 2 16 54
7m 10 X 2 12 60
8m 4 X 2 8 100
9M a 25 X 2 12 24
m b 11 X 1 0 0

10m 10 X 2 4 20
11M 30 X 2 24 40
12m 5 X 2 4 40
13M 40 X 2 20 25
14M 25 X 1 14 56
15m 20 X 2 19 48
16m 25 X 1 10 40
17m 10 X 1 0 0
18M 28 X 2 23 41
19m 20 X 2 5 13
20m 12 X 2 24 100
21m 17 X 2 22 65
22M 13 X 2 24 93
23m 10 X 2 14 70
24Ma 27 X 2 14 56
mb

25m
13 X 
Sett

2
inactive

12 46
26m 14 X 2 19 68
27m 25 X 2 10 20
M = Major sett 
m = minor sett

Mean % capsule acceptance : 49 +/- 29 n = 30
Table 10.1. % capsule acceptance at Ardfield/Rathbarry

site.

10.3.1.3. Observations on pre-baiting and capsule 
admi ni stration.

Some of the setts were withdrawn from the study 
following cessation of bait acceptance. In most cases, 
badgers were clearly still resident as bedding, fresh earth 
and faeces were found at the sett entrances. In June, food
for badgers is not scarce and any interest raised in the
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baits is soon lost. Initial encouragement of the badger 
should be followed by a period of bait concealment (C.L 
Cheeseman, personal communication).

Some inconsistency in pre-baiting and laying of
capsules was noted and may have contributed to the 
discrepancy between capsule acceptance rates noted. 
Sometimes capsules were not eaten, although baits were 
consumed and occasionally capsules were bitten but spat 
out.

10.3.1.4. Reasons proposed for rejection of capsules.
The olfactory sense of a badger is very well developed 

and any human scent present on capsules may have been 
sensed as "danger” by badgers, hence the low acceptance 
level of 49% as shown in table 10.1. Similarly, the
seemingly odourless, tasteless quality of the capsules may 
have emitted a strong, unfamiliar or repellent smell to the 
badger. The molasses sometimes ran off the hydrophobic 
coating of the capsule and the colour of the capsules may 
have been discouraging.

10.3.1.5. Recommendations for pre-baitina and capsule 
administration implemented at the Reenascreena 
site.

The number of days pre-baiting and the quantity of 
peanuts laid in each bait would be reduced. Gloves or
forceps would be employed when delivering capsules.

Investigation would be made to find an appetising
coating for the capsules.
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10,3,2. Reenascreena site.
10.3.2.1. Method of laying capsules.

Pre-baiting with molasses and 5 peanuts/bait site was 
reduced to 4 days, followed by 2 days of no baiting 
(weekend) and then resumed for 2 days. Capsules were coated 
in at least a 2 mm coating of cooking chocolate and handled 
only with forceps. Peanuts were dispensed by pouring.

10.3.2.2. Results of capsule acceptance.
Sett No. caps laid. No. caps eaten. % acceptance
1M 20 X 1 20 100
2m 9 X 1 9 100
3m 30 X 1 30 100
4M 31 X 1 31 100
5m 7 X 1 4 57
6M inactive sett.
7M 53 X 1 53 100
8m 13 X 1 13 100
9M 14 X 1 14 100
10m 18 X 1 4 22
11m 9 X 1 0 0
12m 16 X 1 10 63
13m 18 X 2 36 100
14M a 26 X 2 + 1 0 0
m b 5 X 2 4 40

15m 15 X 2 14 47
16m 20 X 2 30 75
17M 43 X 2 + 1 87 100

Mean % capsule acceptance : 71 +/- 37 n = 17
Table 10.2. % capsule acceptance at Reenascreena site.

10.3.2.3. Observations on pre-baiting and capsule 
admini stration.

Recommendations detailed in Chapter 10.3.1.5., and
implemented in the Reenascreena area, led to an increase in
capsule acceptance from 49 to 71% (as shown in table
10.2.). It was therefore suggested that they be adopted on
a permanent basis.
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Bait at two apparently active setts (nos. 11 and 14) 
was never taken throughout the baiting period, despite 
daily additions of fresh molasses and peanuts. As both 
setts were located in a dry, sandy soil area, the rapid 
absorption of molasses into the sand may have decreased the 
attraction of the bait. .

10.4. Discussion and recommendations for future annual 
vaccination.

Many of the setts in the Reenascreena site appeared to 
lose activity, following a few days of bait acceptance. 
Badger faeces, footprints and rooting were not evident and 
it was thought that the badgers;mighthave left the sett 
temporarily. This supposed migration coincided with silage 
cutting and cattle movement on the land, and previous 
observations made by the DAFF have corroborated this theory 
of badger "disturbance”. In this study, a sett exposed to 
both of these factors became inactive and was later fenced 
off in an attempt to encourage the badgers to return, which 
they did after 3 days. Undisturbed setts positioned in 
thickets did not become inactive. It may therefore be 
necessary to routinely but temporarily fence off cattle at 
vaccination time.

Although it is known that capsules were consumed by 
badgers, as undigested peanuts were found in their faeces, 
numbers of capsules eaten by individuals was not 
established. No simple, non-invasive method is available to 
ascertain this, although the studies described in Chapter 
7.3., have suggested that most inhabitants of a sett would 
eat at least one dose of vaccine or placebo.
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10.5, Conclusions of Chapter 10.
The first field study of "Badge Vac" commenced in Eire 

in 1988, involving a small area in County Cork. Its 
successful implementation has led to a proposed enlargement 
of the site in 1989 and an extension to include, in 1990, a 
large area in County Clare.
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CHAPTER 11.
CHANGES IN THE GLYCOSYLATION OF BADGER IMMUNOGLOBULIN G.

11.1. Introduction.
A change has been found in the glycosylation of the 

IgG molecule and is exhibited by all individuals to varying 
degrees (Parekh et al.. 1988).

The biochemistry of this phenomenon has been studied 
and involves a site on the Fc portion of the IgG molecule. 
This site bears an oligosaccharide, a variable proportion 
of which has terminal galactose on one or both outer arms. 
When galactose is not present, the terminal sugar is N 
acetyl glucosamine (Parekh et al.. 1985? Rademacher et al.. 
1986).

A very precise biochemical method for determining the 
proportion of this terminal galactose moiety has been 
perfected at the Glycobiology Unit, Oxford University 
(Parekh et_al., 1985).

As well as being influenced by age, the degree of 
glycosylation change, reflected in the "% GO value", 
increases with and parallels, activity of rheumatoid 
arthritis, Crohn's disease and tuberculosis (G.A.W Rook, 
personal communication). No change in %G0 is seen in 
osteoarthritis, multiple sclerosis, sarcoidosis, myositis 
or various viral infections, (Rademacher et al.. 1988).

Rising %G0 can accompany fever, weight loss and tissue 
damaging inflammation as well as the acute phase response 
(G.A.W Rook, personal communication) and may be controlled 
homeostatically.

Pregnancy is also known to modify the immune response
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and a fall in %G0 has.also been demonstrated in pregnancy 
(Pekelharing et al., 1988? G.A.W Rook, personal
communication).

Although still in the early stages in research, the 
pathobiological implications of such altered glycosylation 
may assist in the symptomatic treatment of the diseases 
described.

An investigation into the existence of a similar 
glycosylation change in the badger and the influence of 
age and tuberculosis is presented.

11.2. Methods and badgers studied.
11.2.1. Assay used to measure %G0.

The assay used to calculate %G0 value involved the 
binding of IgG to Staphylococcus aureus derived protein A 
(Rook et al.. 1988; Filley et al. . 1989). To ascertain the
efficiency and specificity of this method for the badger, 
serum was washed through an agarose bead column to which 
Protein A (Sigma, USA) was bound. A fraction was collected 
which coincided with an absorbance peak at 600 nm on the 
ultraviolet spectrophotometer.

To assess the purity of this sample, it plus a known
badger IgG standard (kindly donated by A. Nolan, CVL) were
electrophoresed through a polyacrylamide gel. The
electroblotted stained protein bands were compared and
badger Ig G was found to bind to the Protein A. Detection
of the terminal sugar molecule and hence calculation of the
%G0 value was made using a simple "dip stick" assay (Filley
et al. . 1989). The %G0 values of three human IgG standards,
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R, T and J, previously calculated at the Glycobiology Unit, 
Oxford University, were used to correlate %G0 with optical 
density, through which a regression line was plotted. 
Pearson's least squares linear coefficient "r" was 
determined for this and future assays. From this figure, 
three badger IgG samples included in the assay could be 
assigned estimated %G0 values and used as "high", 
"intermediate" and "low" standards for subsequent assays. 
From a plot performed at each assay, estimate of %G0 for 
all test sera was made (table 11.1)

Human standard. %G0. Absorbance at 650 nm.
R 22.5 0.19
T 36 0.215
J 63 0.274

"Badger standard"
Low 18.5 0.18
Intermediate 52 0.25
High 76 0.3

Pearson's r (correlation coefficient) = 0.9992, p=0.025.
Table 11.1. Estimation of %G0 values for badger Ig G

samples.

11.2.2. Effect of aae on %G0.
Badgers included in this study were presumed, as far as 

possible from the results of autopsy, to be non- 
tuberculous. Also they had no history of infection when 
caught on previous occasions as part of a temporal study. 
No history of pregnancy or current lactation existed, as 
determined by the existence of placental scars and milk 
respectively.
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18 males and 9 females, ranging from 1 to 10 years old, 
were included. All had been caught in previous years and 
classed as either that year's cubs or yearlings. Age 
could therefore be estimated. Sera for this study were 
kindly supplied by Dr C.L Cheeseman and staff from CVL.

11.2.3. Effect of tuberculosis on %G0.
Sera were obtained from captive badgers described in 

Chapter 7. As badgers were housed as mixed sex groups, the 
complication of possible blastocyst formation or embryo 
reabsorption made females unsuitable for inclusion in this 
study. The male adult badgers chosen included:
X54 which received no vaccine.
X47,which was vaccinated with oral killed M.vaccae.
X52lwhich was vaccinated with intradermal killed M.vaccae.

Badgers in this study were presumed to be aged between 2 
and 9 years old.
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11.3. Results.
11.3.1. Effect of aae and tuberculosis on %G0.
a). Age study:

Mean estimated %G0.
Males. Females. Combined sexes.

Approximate 
badger age.
(years)
1 16.8 +/“ 5.9 21.8 +/- 6.2 19.3 +/- 6

n=5 n=4 n=9
2-9 37.4 +/- 13 38.5 +/- 2.8 37.2 +/“ 9.5

n=13 n=4 n=17
approx 10 nd 60.5 +/- 0 60.5 +/- 0

n=l n=l
b). Tuberculosis study: all badgers within 2-9 year old

age range.
Badger. Estimated %G0

Non-tuberculous. Tuberculous. Months infected.
X54 27.5 37.5 9
X47 35 55 8
X52 52.5 77.5 9
Mean. 38.5 +/- 10.5 56.7 +/- 16.4
n=3
Badgers in this study were presumed to be aged between 2 
and 9 years old.
Pearson's "r" (correlation coefficient) for these studies =
0.9993 (p=0.024), 0.9998 (p^O.013), 0.0932 (p=0.235)
respectively, 
nd = not done.

Table 11.2. Estimated %G0 values for a), various aged and
b). tuberculous badgers.

Figure 11.1. shows data from this table plus an human age 
curve (Parekh et al.. 1988).
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Fig.

—  healthy badger 
• •• healthy human 

| %  | tuberculous badger

i— 3— i— i— i— j— i— r
Time (years, 1 year — 7 human years)

10 11

11.1. % GO values of Ig G from healthy, various aged
badgers and humans, and tuberculous badgers.
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11.4. Discussion.
11.4.1. Effect of aae on %G0.

As %G0 was found not to be sex determined, data for 
males and females were pooled. Fig 11.1. shows a rapid 
rise between the ages of 1-2 years (i.e. cub to young 
adulthood), plateauing between 2 and 9 years (ie. young 
adult to early elderly) and rising again sharply at about 
10 years old (ie. elderly).
Thus, the age determined curve of %G0 reported for human 

Ig G (Parekh et al., 1988) and shown in fig. 11.1. is
different from that described for the badger, the variation 
lying in the rise seen in the young badgers compared with 
the fall seen in young humans. The reason for this 
difference is unknown.

11.4.2. Change in %G0 of tuberculous badgers.
Agalactosyl IgG may be a regulator of Tumour Necrosis

Factor (G.A.W Rook, personal communication) and may account 
for the clinical features of tuberculosis (Rook et al., 
1987; Frater-Schroder et al.. 1987) including weight loss.

Table 11.2. shows the similarity in %G0 between 
non-tuberculous badgers in this study (aged 2-9 years) and 
those included in the age study. Fig. 11.1. shows the 
increase in %G0 during infection, similar to that described 
for humans. Vaccination may affect the increase in %G0 
during tuberculosis but this can not be explained yet.
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11,5, Conclusions to Chapter 11,
This study has shown that as in the human, a change in 

glycosylation of IgG opcurs as a natural consequence of 
ageing. During tuberculosis a change in %G0 observed for 
humans, also occurs for badgers.

Although the inclusion of more badger serum into a 
further study might be difficult, this could help to 
elucidate the implications of a varying IgG glycosylation.
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CHAPTER 12.
THE HUMORAL RESPONSE OF BADGERS FROM TWO ENGLISH COUNTIES.

12.1. Introduction.
In some areas of Britain the badger population has

become extensive, and the transmission of tuberculosis 
within and between colonies may well be associated with 
their social and territorial behaviour. The disease is not 
evenly distributed, and often where badgers are common 
tuberculosis in the population has not been found in
badgers tested (MAFF, 1988).

Badgers are now known to have relatively normal
functioning cell mediated immunity (Mahmood et al.. 1987a). 
As even in the worst affected areas only a maximum of 1/3 
appear to be tuberculous (Cheeseman et al.. 1981), the idea 
that many badgers may have immunity to tuberculosis 
emerges. As in the human, this may be subject to the
influence of contact with environmental mycobacteria (Lyons 
and Naafs, 1987).

In this study, sera available from animals captured in 
the MAFF badger removal operations at Folkington, East 
Sussex (Pritchard et al.. 1986) and Ipstones in
Staffordshire (Cheeseman et al.. 1985a) were examined for
antibodies to eleven species of mycobacteria, which could 
typically be found in the badgers' environment, as well as 
to the tubercle bacillus.

The data obtained may illustrate a variation in 
acquisition of antibodies to environmental mycobacteria 
with age and also indicate any variation in ability to
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respond to these organisms. The presence or absence at each 
location of a particular mycobacterial species may be 
measurable by investigating the response of the local 
badger.

The quest for a serological test which may aid the 
diagnosis of tuberculosis has existed since the beginning 
of the 20th century. Following opposition to the MAFF 
clearance operations by the public the demand for the 
development of such a test for the badger has grown. So 
far no reliable method has been developed although the 
search has involved much financial expenditure.

If the humoral immune response of badgers is capable of 
stimulation by mycobacteria, as previously described 
(Morris et al.f 1979; Mahmood et al.. 1987a; Mahmood et
al., 1987b), then the patterns of response which emerge may 
assist in the production of a diagnostic test. This 
possibility is addressed in the latter part of this 
chapter.

12.2. Method.
Of the 45 Staffordshire badgers, eight (17.8%) were 

found to be tuberculous at autopsy (Cheeseman et al.. 
1985a) and of 47 badgers from East Sussex, 10 (21.3%) had 
tuberculosis (Pritchard et al.. 1986).

However, because of the demand on these sera, not all 
those obtained from Staffordshire were available. Those 
used in this study are shown in table 12.1.

231



Tuberculous. Non-tuberculous.

Area Cubs. Adults Cubs. Adults Total

Sussex 2 8 11 26 47

Staffs. 1 (0) 7 (2) 12 (7) 25 (16) 45 (25)

Table 12.1. Tuberculous and non-tuberculous badgers from 
Staffordshire and Sussex. (showing sera
available in brackets).

ELISA was carried out on serum samples previously 
stored at -20°C, and as described in Chapter 4.2.2.

Antigens used at 0.01 mg/ml included New tuberculin
(Nt), Aviumin A (AA), Aviumin C (AC), Gordonin (Go),
Kansasin (K), Xenopin (X), Chitin (Chi), Diernhoferin (Dh),
Flavescin (F), Neoaurumin (Ne) and Rhodesin (Rh).

All data are expressed in arbitrary units of absorbance 
and were analysed by Student's t test with a significance 
value of p<0.05.
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12,3. Results,
12.3.1. Antibody levels to mycobacterial species of non-

tuberculous and tuberculous badgers and the
variation in response between Sussex and
Staffordshire badgers.

Shown in table 12.2. and figs 12.1 - 12.11.
Antigen.

K Go AA AC Nt X
Won—tuberculous badgers. 
Staffordshire:
Cubs (7) mean 0.56 0.54 0.46 0.56 0.59 0.37

sd 0.1 0.18 0.06 0.14 0.23 0.05
Adults(16) mean 0.69 0.72 0.54 0.7 0.7 0.43

sd 0.1 0.13 0.09 0.1 0,15 0.08
Sussex:
Cubs (11) mean 0.56 0.42 0.54 0.56 0.52 0.46

sd 0.15 0.15 0.19 0.19 0.2 0.15

Adults(26) mean 0.81 0.6 0.7 0.74 0.67 0.64
sd 0.22 0.18 0.16 0.14 0.14 0.18

Tuberculous badaers. 
Staffordshire:
Cubs (0)
Adults (2) mean 0.64 0.74 0.58 0.74 0.75 0.47

sd 0.01 0.17 0.03 0.03 0.22 0.09
Sussex:
Cubs (2) mean 0.73 0.55 0.72 0.75 0.8 0.52

sd 0.13 0.02 0.11 0.11 0.14 0.06

Adults(8) mean 1.02 0.86 1.04 1.03 1.0 0.85
sd 0.29 0.32 0.34 0.32 0.38 0.21

( ) = numbers of badgers.
Table 12.2. Antibody binding to reagents prepared from 

mycobacteria in tuberculous and non- 
tuberculous badgers from Sussex and 
Staffordshire.
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Antigen.
Dh Rh F Chi Ne

Non-tuberculous badgers. 
Staffordshire:
Cubs (7) mean 0.42 0.53 0.38 0.52 0.39

sd 0.04 0.13 0.1 0.1 0.13
Adults(16) mean 0.15 0.65 0.53 0.57 0.53

sd 0.09 0.12 0.1 0.07 0.14
Sussex: 
Cubs (11) mean 0.49 0.43 0.43 0.55 0.35

sd 0.11 0.1 0.11 0.2 0.11

Adults(26) mean 0.65 0.62 0.47 0.64 0.49
sd 0.21 0.18 0.12 0.12 0.11

Tuberculous badaers 
Staffordshire.
Cubs (0)
Adults (2) mean 0.56 0.62 0.51 0.67 0.57

sd 0.03 0.05 0.04 0.05 0.21
Sussex.
Cubs (2) mean 0.72 0.54 0.6 0.74 0.32

sd 0.03 0.06 0.15 0.05 0.08
Adults (8) mean 0.89 0.83 0.62 1.0 0.52

sd 0.26 0.23 0.14 0.35 0.13
( ) = numbers of badgers.

Table 12.2 contd. Antibody binding to reagents prepared
from mycobacteria in tuberculous and 
non-tuberculous badgers from Sussex 
and Staffordshire.
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12.3.2. Presence or absence of mycobacterial species in the 
environment as determined from badger antibody 
levels.

Badgers make antibodies to mycobacteria they meet in 
their environment and these increase with age as shown in 
table 12.2. As this antibody may be raised to the 
mycobacterial common antigen,Ifepresence in the environment 
is suggested by a boosting of responses upon infection with 
tuberculosis.

M.neoaurum and M.flavescens are thus presumed absent 
from both areas with any antibody detected to this antigen 
being thought due to recognition of the common epitopes 
shared by all mycobacteria.

Under this system, organisms presumed present in Sussex 
and absent from Staffordshire included M.avium A . 
M.xenopi. M.chitae and M .diernhoferi. Values were similar 
to those produced to M .neoaurum and M.flavescens for 
Staffordshire badgers, but increased in tuberculous and 
non-tuberculous badgers from Sussex.

Organisms presumed to be present in both areas included 
M.rhodesiae. M.aordonae. M.intracellulare and M.kansasii. 
As tuberculous badgers were found in both areas, the bovine 
variety of M.tuberculosis (detected by the use of the 
antigen New tuberculin) was also presumed present in both 
areas.

12.3.3. The use of mycobacterial antibodies as indicators 
of infection with BTB.

Using the lowest absorbance value obtained for each
tuberculous badger, a minimum "cut off value” could be
calculated for each antigen. Any value equal to or higher
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than this was classed as "infected” (with BTB). This method 
detected all proven tuberculous animals (determined at 
autopsy). Badgers which were found to be non-tuberculous at . 
autopsy but were designated as "infected" by this test are 
shown as a percentage of the non-tuberculous population 
examined (table 12.3). Sussex and Staffordshire values were 
pooled for the purpose of this study.

% sera giving absorbance values greater than "cut 
off value".

Pooled areas. Staffs. ** Sussex.
Antigen. adult cub adult cub adult cub

K 81 17 69 29 88 91
Go 88 33 100 29 88 9*
AA 64 83 19 0 81 18
AC 74 11* 38 14 85 9*
X 88 50 69 14 96 18
Dh 57 11* 13* 0 81 18
Rh 90 33 81 43 92 18
F 69 22 75 14 58 18
Chi 52 22 13* 14 77 27
Ne 100 83 81 57 100 82
NT 14 83 81 29 88 9*

Suggested acceptable level of "infected" badgers; diagnosed
by ELISA = 15%.
* = antigens giving values of less than 15%.

** = No sera were available from Staffordshire tuberculous
cubs? a "cut off value" was calculated which was
based on the lowest infected adult value.

Table 12.3. % of non-tuberculous badgers diagnosed as
tuberculous by ELISA.
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Badger Groups

□  = non-tuberculous cubs (pooled areas). 
3  = non-tuberculous Staffordshire adults. 
Q  = non-tuberculous Sussex adults.
Q  = tuberculous Sussex cubs.
S  = tuberculous adults (pooled areas).

Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.005, <0.01).
Fig. 12.1. Badger antibody to Kansasin.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.01) and
significantly more in non-tuberculous Staffordshire than
Sussex adults (p<0.05). (key as in fig. 12.1.).
Fig. 12.2. Badger antibody to Gordonin.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.01, <0.05) and
significantly more in non-tuberculous Sussex adults than 
Staffordshire adults (p<0.001). (key as in fig. 12.1.).
Fig. 12.3. Badger antibody to Aviumin A.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.005, <0.02). (keyas in fig. 12.1.).
Fig. 12.4. Badger antibody to Aviumin C.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
adults than cubs (p<0.02) but no significantly difference 
between areas or ages of non-tuberculous Staffordshire 
badgers or infected Sussex badgers, (key as in fig. 12.1.).
Fig. 12.5. Badger antibody to New tuberculin.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
adults than cubs (p<0.01) and significantly more in non- 
tuberculous Sussex adults than Staffordshire adults 
(p<0.001). (key as in fig. 12.1.).
Fig. 12.6. Badger antibody to Xenopin.
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Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.02) and 
significantly more in non-tuberculous Sussex adults than 
Staffordshire adults (p<0.02). (key as in fig. 12.1.).
Fig. 12.7. Badger antibody to Diernhoferin.
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Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.005, <0.05).(key as 
in fig. 12.1.).
Fig. 12.8. Badger antibody to Rhodesin.
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Antibody titre significantly more in Staffordshire non- 
tuberculous adults than cubs (p<0.005). (key as in fig.
12.1.).
Fig. 12.9. Badger antibody to Flavescin.

241

999999

39



0.60-

0. 10-

Badger Groups

Antibody titre significantly more in non-tuberculous Sussex 
adults than Staffordshire adults (p<0.05).(key as in fig.
12.1 .)-
Fig. 12.10. Badger antibody to Chitin.
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Antibody titre significantly more in non-tuberculous Sussex 
and Staffordshire adults than cubs (p<0.005, <0.05).(key as 
in fig. 12.1.).
Fig. 12.11. Badger antibody to Neoaurumin.
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12.4. Discussion.
12.4.1. Variation in response between two geographical 

areas.
Levels of antibody possessed by non-tuberculous cubs 

and raised to any of the mycobacterial species tested, did 
not vary significantly between the two areas, nor did it 
vary between tuberculous adults. Significant differences 
did occur when non-tuberculous adults from each area were 
compared, the Sussex adults showing significantly higher 
levels of antibody to the slow growers M.xenopi and 
M.avium, and fast growers M.diernhoferi and M.chitae. but 
significantly lower to the slow grower M.aordonae.

Antibody levels of tuberculous adults from Sussex and 
Staffordshire were not significantly different from each 
other and so were pooled as one population, as were non- 
tuberculous cubs.

Non-tuberculous adults, however, could only be pooled 
for certain antigens and this included the slow growers 
M.kansasii. M.intracellulare and M.tuberculosis and the 
fast growers M.rhodesiae. M.flavescens and M.neoaurum.

Until recently, mycobacterial antibodies have been 
thought non-contributory to immunity to mycobacterial 
infection. Lyons and Naafs have now demonstrated that the 
position of leprosy patients along the immunological 
spectrum (Ridley and Jopling, 1962) may depend on previous 
and ongoing contact with mycobacteria found in their 
environment (Lyons and Naafs, 1987). Perhaps this may 
explain why badger tuberculosis appears to be unevenly 
distributed (MAFF, 1988).
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12.4.2, Variation in humoral response with age.
Both areas showed significantly different levels of 

antibody during health, with adults demonstrating greater 
levels of antibody than cubs to the slow growers 
M.kansasii. M.aordonae. M.avium A . M.aordonae and 
M.intracellulare and to the fast growers M.diernhoferi. 
M.rhodesiae and M .neoaurum.

Adults badgers from Sussex possessed greater levels of 
antibody to M .tuberculosis than did cubs, although no 
difference existed between the two age groups in 
Staffordshire.

12.4.3. The effect of tuberculosis on the production of 
mycobacterial antibodies and the potential for a 
diagnostic test.

Since no significant difference existed in absorbance 
values to New tuberculin between tuberculous and non-
tuberculous adults or cubs from either area, values for 
both areas were pooled.

As antibody responses in tuberculous badgers were
raised to all reagents except Neoaurumin, they were
probably directed to the common antigens and this concurs 
with data recently reported from Kuwait on antibodies 
present in the serum of patients with pulmonary 
tuberculosis (J.L Stanford, personal communication). As 
individual antibody responses to the mycobacterial reagents 
shown by tuberculous badgers were found to be variable, 
this may substantiate an immunological spectrum suggested 
for this species (Mahmood et al., 1987b).

Significant increase in the levels of antibodies to
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M .tuberculosis possessed by non-tuberculous adults as
compared to cubs, probably reflects an increasing contact 
with environmental mycobacteria with age. Infection with 
BTB led to a significant boosting in the production of
antibody to New tuberculin when compared to non-tuberculous
badgers and no difference in the production of this 
antibody existed between tuberculous cubs and adults or
between tuberculous and non-tuberculous cubs.

Antibody responses to New tuberculin were of equal 
magnitude in each geographical location and much is likely 
to be directed to the common antigen shared by the other 
mycobacteria found in the environment. Several of the 
badgers from each area had antibodies to this reagent far 
in excess of those binding to the other reagents. Although 
these badgers were negative for tuberculosis at autopsy, 
ELISA indicated that previous contact with BTB may have 
occurred at a dose or by a route which would not lead to 
progressive disease, but would create a degree of immunity. 
Previous studies of the cell mediated immune response of 
non-tuberculous badgers removed from the wild may 
corroborate this idea (Mahmood et al., 1987b).

When considering the use of ELISA to diagnose 
infection with BTB in the badger, 100% of non-tuberculous 
Staffordshire and Sussex adults were classed as "infected" 
when Gordonin and Neoaurumin respectively were used. 
Generally, a higher level of supposed "mis-diagnosis" was 
seen more in adult than cub populations and more in Sussex 
than Staffordshire. This probably resulted from prolonged 
exposure to varying amounts of the common antigens of
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environmental mycobacteria. No antigen diagnosed infection 
with BTB effectively for any age or location of badger. 
From the data shown in table 12.3. it is difficult to see 
whether any selection of antigens would provide a 
worthwhile diagnostic test. Diagnosis of tuberculosis in 
badgers is currently performed by culture of lesions from 
organs and lymph nodes. When lesions are not seen, 
supposedly representative samples are cultured. If this 
sample does not include a focus of BTB, the badger will be 
classed as "non-tuberculous". Thus a proportion of sera 
giving absorbance values greater than that of the "cut off 
value" described earlier may have resulted from such 
badgers. Unfortunately, gauging the success of any 
serological test which aims to diagnose tuberculosis in 
wild animals will depend upon a more reliable culture 
system (Little et al.. 1982a).

12.5. Conclusions of Chapter 12.
In summary, badgers make antibodies to mycobacteria 

that they meet in their environment, the levels of which 
increase with age. Because of their prolific digging 
behaviour, much of this contact must be by the oral and 
respiratory routes, with species encountered being dictated 
by the local environment.

If the work of Lyons and Naafs (1987) also applies to 
the badger, then the variation in contact with mycobacteria 
may explain the uneven geographical distribution of 
tuberculosis which exists.

Although further studies of badger antibodies using
the antigens described above may not be useful in the
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development of a diagnostic test, their use may help to 
understand the immune response of the tuberculous badger in 
greater detail.
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CHAPTER 13.
DISCUSSION. CONCLUSIONS AND FUTURE PLANS.

13.1. Discussion.
13.1.1. Introductory comments.

Badgers are a reservoir of bovine tubercle bacilli and a 
focus of infection in the south-west of England may explain 
why the incidence of tuberculosis in cattle has been 5-10 
times higherthere than elsewhere. As a consequence of the 
great economic loss that follows an outbreak of 
tuberculosis in a herd, culling of badgers surrounding such 
cattle commenced in 1975. Many of the badgers which have 
been killed are not tuberculous, and of those that are 
tuberculous, diagnostic techniques currently available 
detect only those excreting BTB. Disease can only be 
diagnosed confidently by observation and culture of organs 
and lymph nodes at autopsy (Pritchard et al.. 1986).

As described earlier, much controversy surrounds the 
efficacy of the MAFF badger culling policies. Many 
parishes have been subjected to repeated control measures 
over several years but without success (Harris, 1989). Nor 
have the measures been found cost effective, even though 
they have involved much financial expenditure (Mclnerney 
1986; Power and Watts, 1987).

As vaccination of cattle may be possible, but not 
permissible, and badgers and cattle can not be segregated, 
an alternative to killing badgers may lie with vaccination.

Although the badger was thought to develop only a poor 
cell mediated response to tuberculosis (Gallagher et al.,
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1976) this is now known not to be true (Mahmood, 1985). 
Mahmood et al. have shown that the cellular immunity of the 
badger is capable of stimulation by intradermal BCG 
vaccination, reducing the period of BTB excretion, 
(Mahmood et al.. 1989). Mass intradermal vaccination of a
wild animal population is not feasible, nor is the use of a 
live vaccine or BCG which sensitises to tuberculin.

It is thought that protection against tuberculosis 
comes from recognition of the group i common antigens 
(Stanford and Grange, 1974; Stanford, 1982). As these 
antigens are possessed by all mycobacterial species, an 
alternative to BCG was sought which was protective when 
dead, and could be given by mouth.

Following immunisation or casual contact with
environmental mycobacteria, two types of immunological
response can occur, one a tissue damaging response and the
other non necrotising (Koch, 1891; Debre and Bonnet, 1922).
Mycobacterial species differ in their abilities to induce
either of these responses (Stanford et al.. 1978). M.vaccae
and hence perhaps "Badge Vac” induces only protective
responses (Stanford et al.. 1980) by lowering the threshold
of immunological recognition of small challenges with
pathogenic mycobacteria (Shield et al.. 1977; Stanford et
al., 1980). Lyons and Naafs have suggested that
immunological priming may vary with geographical area and a
vaccine against leprosy may have to vary depending on the
area where it is to be used (Lyons and Naafs, 1987). This
may also apply to a tuberculosis vaccine, as badgers from
two English counties have demonstrated quite different
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environmental mycobacterial experiences (Chapter 12).
Data from animal models have suggested that

mycobacterial species may protect against challenge with 
others (Edwards et al.. 1982; Orme and Collins, 1986).
M.vaccae. like M.leprae. lacks both group ii and iii
antigens but has large amounts of group i common antigens 
(Stanford and Grange, 1974; Stanford, 1982). M.vaccae does 
not persist in tissues (Collins et al.. 1978) but does
induce the production of memory lymphocytes (Swinburne g t  

al. . 1985) by boosting the recognition of the group i
antigens. This was evident in both guinea pig and badger 
studies described in this thesis.

M.vaccae has demonstrated both immuno-prophylactic and 
therapeutic properties against mycobacterial diseases, as 
described in 3.6.2. and the former has also been shown in
the guinea pig and badger studies described in this thesis.
Additionally, the criticism made of killed vaccines, 
outlined in 3.4.1. has been shown in this thesis to be ill- 
conceived.

The aim of the work presented was to assess the 
protective ability of M.vaccae against tuberculosis. As the 
vaccine may be consumed in multiple doses, any toxicity or 
undermining of cell mediated responses had to be 
investigated. The way that M.vaccae was killed and the 
vehicle in which it was presented were also considered 
important.

The acceptability to the badger of a devised 
formulation, and the logistics of administering this,
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required study. As badgers and cattle share the same 
pasture (Kruuk, 1979) interference with the cattle skin 
test had also to be investigated.

Because of their prolific digging behaviour, badgers 
must experience much contact with environmental 
mycobacteria. Lyons and Naafs have demonstrated that such 
contact may determine the position of leprosy patients 
along the immune spectrum of this disease. Badger 
tuberculosis has been compared to lepromatous leprosy 
(Mahmood, 1987b) and the uneven distribution of foci of 
badger tuberculosis may be explained by differing 
experiences of environmental mycobacteria. The variation in 
response to mycobacteria of badgers from two geographical 
locations was investigated in an attempt to extend the 
methods of Lyons and Naafs (1987) to this species.

Recently a variation in the structure of IgG has been 
demonstrated in several conditions including tuberculosis 
and this may have immunological and hence pathological 
consequences. The possibility of badgers also having this 
IgG change and its implications, was of immediate interest 
and would be yet another similarity between badger and 
human immune mechanisms.
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13,1.2, Discussion of experimental work.
13.1.2.1. Vaccine studies in the guinea pig.

A pilot guinea pig study enabled preliminary assessment 
of the vaccines chosen for use in the captive badger study. 
The establishment of a captive badger colony is difficult 
and so this study was designed to allow some of the 
possible unforeseen problems to be discovered.

As the histological response of vaccinates to BTB was 
to be assessed during this pilot study, it was important to 
ascertain the optimum time to biopsy challenge sites.

Resistance to mycobacterial disease primarily involves 
cellular immunity (Mackaness, 1971) leading to the 
production of DTH. DTH is the cause of much of the 
immunopathology of tuberculosis (Rich, 1951) and results in 
production of epithelioid cells, leading to tubercle 
formation which if the antigen load is high, necrose and 
start to caseate. Histology provides both a clue to the 
respective properties of the organism and of the host 
response.

Transformation of macrophages into epithelioid cells in
vitro was demonstrated in 1966 (Sutton and Weiss, 1966) and
accomplished with BCG, in vivo. in 1974 (Adams, 1974).
Leprosy granulomas, containing large numbers of Langhans
giant cells are associated with high lymphocyte
transformation (Ridley, 1974) and presumed to arise from
DTH. Epstein drew attention to the organisation of
granulomas as a factor to be considered in their
interpretation. Arrangement in tubercles, signifies DTH
(Epstein, 1977), and CECG a high degree of
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hypersensitivity.
The optimum time to biopsy a guinea pig BTB challenge 

site was found to be 7 days after challenge when based on 
appearance but 14 days when based on histological findings. 
However it was necessary, due to unforeseen circumstances, 
to take skin biopsies of guinea pigs in the pilot vaccine 
study at 7 and not 14 days.

Although useful for the vaccine pilot study performed 
in guinea pigs, extrapolation of optimum biopsy times to 
other species should be cautiously made. Even in 1884, 
Koch described differences in the immunological spectrum 
between species, which have been reiterated recently (Rook, 
1976? Lenzini et al.. 1977? Shield et al.. 1977). Hence,
the histological response of the guinea pig is quite 
different to that of say the hedgehog (Thorns et al., 
1982).

Suppression of skin test responses following contact 
with fast growing mycobacteria has been demonstrated 
(Stanford et al.. 1981a? Nye et al.. 1983? Morton et al..
1984) and can be local or distant in type, and may operate 
through species specific determinants (Nye et_al., 1986).
Nye et al. 1 ̂ investigated mixtures of mycobacterial species, 
including M.vaccae. Although evidence for the use of 
M.vaccae as a potential vaccine is given in Chapter 3, it 
was important to determine that it would not suppress the 
cellular responses of the guinea pig and hence perhaps 
those of the badger.

Guinea pigs vaccinated with either intradermal M.vaccae
or oral vaccines do not usually develop positive skin
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tests. Failure to respond on skin testing does not indicate 
a lack of immunocompetent cells, but may reflect improved 
regulatory activity induced by several immunological 
stimuli including both specific antigens and non specific 
mitogens (Bahr, 1980). Binding of antibodies with antigen 
and consequently to activated T cells, causing suppression 
of their function as DTH mediators, has also been proposed 
as leading to a negative skin test response (Yoshida and 
Anderson, 1972? Feldman, 1972? Mackaness et al.. 1974). As 
mycobacteria possess an inbuilt adjuvant activity, they may 
also bypass normal regulatory mechanisms leading to the 
formation of autoantibodies (Allison et al.. 1971). The
formation of tuberculin neutralising factor "Anticutin", 
found in cases of sarcoidosis, may also interfere with skin 
test responses (Pyke and Scadding, 1952).

Induration at BTB challenge sites, probably following
cellular infiltration, can be a measure of the
hypersensitivity of an animal. In this study, only those
vaccinated with oral live BCG showed a significant increase
in this response, although when pooled together
administration of all vaccines led to significantly
increased induration. Histological examination revealed
that intradermal BCG and M.vaccae caused the formation of
much CECG and LGC respectively, indicating sensitisation to
the antigens of BTB. Clearance of AFB from a site may
indicate eventual vaccine protection but unfortunately
vaccination with any of the preparations failed to reduce
AFB numbers, when compared to unvaccinated guinea pigs.
Bacilli from these biopsy sites were not cultured and so it
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is impossible to say if any of the vaccines led to killing 
of bacilli.

In vitro transformation of lymphocytes taken from 
an animal sensitised with mycobacteria is considered to be 
an expression of DTH to that organism (Pearmain et al.. 
1963; Seeger and Oppenheim, 1970; Rosenstreich and 
Rosenthal, 1974) and may be a measure of vaccine efficacy. 
LTT was performed before and during infection, attempting 
to recognise the induction of memory T lymphocytes by 
vaccination, proliferating further during infection. 
Lymphocytes of guinea pigs vaccinated with oral killed and 
live M.vaccae proliferated once the animal was infected. It 
is not known whether this is a mechanism of protection in 
vivo.

It is important to note that a very few circulating T 
cells may be capable of initiating a protective immune 
response mechanism in vivo, but their numbers may be too 
low in a small blood sample to produce a positive 
lymphocyte transformation response in vitro. Hence it is 
difficult to show the efficacy of vaccination by in vitro 
tests.

In this study, LTT responses of guinea pigs were not
good, unlike those of other animal species reported in
other chapters. Several reasons for this, peculiar to the
healthy guinea pig, have been described in Chapter 4.
Additionally, in tuberculous guinea pigs blocking of
lymphocyte activity by rising mycobacterial antibodies
during infection can suppress transformation (Roupe and
Strannegard, 1972? Mahmood, 1985). Serum from tuberculous
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animals also contains complement dependent lymphocytotoxic 
activity (Herberman and Fahey, 1968). Autodesensitisation 
by tuberculoprotein released from tubercles may result in 
sufficient absorption of the material into the blood to 
bring about a desensitisation similar to that occurring 
when large doses of tuberculin are injected intravenously 
or intradermally (Howard et al.. 1970). A reduction in
circulating lymphocytes, even though fully reactive, may 
result in lymphocyte compartmentalisation (Youmans, 1975). 
Prostaglandins produced during infection may suppress 
cellular responses, explaining the hyporesponsiveness to 
mycobacterial antigens (Bahr, 1980). As poorly sensitised 
cells lead to activation of T helper cells, strongly 
sensitised cells may consequently lead to suppression 
(Bahr, 1980).

Much of the humoral response following vaccination of 
the guinea pigs was directed to the common mycobacterial 
antigens, and was boosted during infection. It is thought 
that increased recognition of the common antigen may be the 
basis of effective immunity against mycobacterial disease. 
Intradermal vaccination led to a greater production of 
antibodies than oral vaccines and this was also evident in 
other studies described in this thesis.

Although immunological parameters can be followed 
during infection, the efficacy of a vaccine lies in its 
ability to prevent establishment or dissemination of 
disease. Vaccination with oral killed M.vaccae and, not 
unexpectedly, intradermal BCG led to significantly less 
disease progression.
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This pilot vaccine study has highlighted the 
ability of mycobacteria to influence the immune response of 
guinea pigs to BTB. Although vaccination with oral killed 
M.vaccae did not prevent establishment of infection in 
guinea pigs, it reduced dissemination of disease as well as 
causing the production of memory T cells, capable of 
proliferation on infection.

13.1.2.2. Vaccine studies in the mouse.
Suggestions for the failure of some BCG trials have 

included the adverse influence of prior extensive 
mycobacterial contact (Bechelli et al.. 1974). Such
contact with huge doses of environmental mycobacteria may 
result in a non-protective response to tuberculosis, 
boosted further by BCG vaccination (Rook, 1981). Whether a 
protective or non-protective type of priming occurs 
initially depends on which mycobacterial species have been 
encountered, in what quantity and by which route (Smith et 
al., 1985).

M.vaccae usually produces a non-necrotising protective 
response (Stanford et al.. 1978), favoured by the presence
of certain immunosuppressive determinants (Nye et al., 
1986). Its continuing influence on subsequent exposure to 
other mycobacteria has also been proposed (Stanford et al., 
1981b). It does not need to persist in the body to maintain 
immunity whereas this may be necessary for other 
mycobacterial species (Collins, 1971). Therefore, a non 
protective priming, caused by extensive contact with 
M.vaccae during childhood, may reduce or even prevent the

259



protective effects of subsequent BCG vaccination. In the 
wild, a badger would have access to more than one dose of 
vaccine and the aim of the mouse study described in 5.2. 
was to asses the influence of M.vaccae in large doses on 
subsequent contact with other mycobacteria i.e. BTB. 
M.vaccae afforded protection against infectious challenge 
with Pasteur BCG, and this was not lessened by multi-dose 
vaccination. On the contrary, increased doses may have led 
to a suppression of cellular infiltration or a better and 
more beneficial regulation of cytokines, released in 
response to the small doses of antigen found in skin test 
reagents.

Immunoprecipitation studies have shown that M.vaccae 
and BCG share common antigens (Stanford and Grange, 1974) 
and contain certain epitopes which may provoke protective 
immune responses (Ghazi Saidi et al.. 1989). Perhaps
challenge with BCG following protective priming with 
M.vaccae even in overdose may, through increased response 
to the common antigens, lower the threshold of 
immunological recognition (Shield et_al., 1977? Stanford et 
al., 1980).

The findings of this mouse study suggests that the 
consumption by badgers of multiple doses of vaccine is 
harmless and may even increase efficiency of vaccination.

13.1.2.3. Presentation of M.vaccae antigens.
The cell mediated and humoral immune responses may both

be influenced by the way a mycobacterium is killed, by
which route it is administered and in what vehicle. This
may therefore be important for vaccine formulation. The
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study suggested that both the method used to kill M.vaccae 
and the route by which it is administered are important. 
The vehicle used to deliver the vaccine was less
influential. From the study, autoclaved M.vaccae was
found to be superior to irradiated, with oral vaccination 
being better than intradermal.

Heating affects the permeability of bacterial cell
walls, allowing the release of adenosine tri-phosphate and
perhaps other molecules. Previously unexposed antigens may
therefore be introduced to the immune system by heat
killing of organisms. Gamma irradiation does not directly
affect cellular permeability and changes which may occur to
antigens present on the outside of the bacterium are
unknown. Variation in antigenicity resulting from
different killing methods is known to influence the
immunotherapeutic use of M.vaccae (Stanford et_al., 1988a)
and others have found the choice of vehicle to be very
important. In 1916, Le Moignic and Pinoy described the
beneficial effects of preparing vaccines in an emulsion of
oil and water (Le Moignic and Pinoy, 1916). Their work
inspired Freund, who later recognised the immunomodulating
effect of paraffin oil on antibody production (Freund et
al., 1937). Mycobacterial adjuvant concentrates at the
interface of the oil/water barrier (Mudd and Mudd, 1924)
and mycobacterial proteins unfold leading to presentation
of new or enlarged antigenic sequences to the immune system
(Jolles and Paraf, 1973). One mechanism by which the
adjuvant action may be brought about is by a slow,
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continuous release of antigens from the emulsion. This has 
been used in the delivery of chemotherapeutic drugs, 
delaying bombardment of healthy cells by toxic compounds 
(K. Taylor, personal communication).

Two complications to this study were found at autopsy, 
i.e. cataracts and one case of gut calcinosis. The first 
occurred in guinea pigs vaccinated with autoclaved M.vaccae 
given orally in water and gamma irradiated M.vaccae given 
orally in oil, the second in a guinea pig vaccinated 
intradermally with gamma irradiated M.vaccae. Two theories 
exist as to the aetiology of the cataracts. The first and 
most probable explanation was deposition on the lens of 
circulating immune complexes, known to occur in cases of 
borderline leprosy, being provoked by therapy or its 
withdrawal, or arising spontaneously (Grove et al.. 1976). 
Examination by immunofluorescent staining of kidney 
glomeruli and synovial tissue might have helped to verify 
this hypothesis. Although the lens, residing in the 
anterior chamber of the eye, is an immunologically 
"privileged site”, auto antibodies can be found in about 
50% of healthy humans (Hackett and Thompson, 1964) and also 
in diabetics (Woods and Burky, 1927). The second and less 
likely theory, was that mycobacterial antibodies made by 
these guinea pigs in response to vaccination and challenge 
cross reacted with lens tissue. As only one guinea pig from 
each of the two vaccine groups was affected, formation of 
cataracts was not considered to have resulted from 
procedures described in Chapter 5.

The calcinosis seen may have resulted from deposition
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of calcium salts into predisposed gut tissue following 
hyaline changes in the elderly guinea pig, i.e. "dystrophic 
calcinosis". Less likely, it may have followed an increased 
uptake of calcium into the gut wall following an excessive 
dietary intake of vitamin D, i.e. "metastatic calcinosis". 
The condition was not seen elsewhere throughout the body 
and although cataracts can also result from hypercalcaemia, 
the eyes of this guinea pig were normal on ophthalmoscopic 
examination.

Although of interest, the incidences of cataracts and 
calcinosis were considered unrelated to vaccination and 
were probably due to age and/or diet.

13.1.2.4. Vaccine studies in the badger.
This study was unavoidably performed concurrently with 

the guinea vaccine pig pilot study. Oral preparations given 
to badgers were in water rather than in emulsion, although 
M.vaccae was killed by autoclaving.

Although providing much information concerning the 
badgers' response to both vaccination and tuberculosis, 
conclusions from the badger vaccination study were made on 
the basis of small numbers of animals, making statistical 
analysis difficult. The feasibility of using an alternative 
experimental species is discussed later.

Investigations into the immune response of wild animals
is problematical. Primarily, if the species is only
capable of breeding in the wild, its capture and enforced
containment is probably stressful and may or may not affect
its behaviour and immune responses. Additionally, a
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constant supply of food and water, without the need to 
forage, and the repetitive anaesthetising and invasive 
techniques are also unnatural. Although the badgers 
described in 7.1. were housed in their original social 
groups where possible, aggression, separation from specific 
individuals and imbalances between ages and sexes may all 
have influenced the results of this study.

From this study, badgers were caught from various 
locations and antibody studies described in Chapter 12 have 
indicated that mycobacterial species found in the 
environment differ with geography, and may influence the 
immune response to vaccination and tuberculosis (Lyons and 
Naafs, 1987? Stainsby et al., 1989). This may
differentially interfere with the immunising abilities of 
the various vaccines studied.

The small numbers of badgers investigated, their
variable ages, genetic and environmental backgrounds,
housing difficulties and the ethics of their removal, all
contribute to the problem of studying badgers. Ferrets,
like badgers, are Mustelines but can be bred in captivity,
with predetermined genetic and environmental backgrounds.
They do not require a large living space and their
husbandry is better known that that of the badger, having
already been used in influenza research. They are
susceptible to infection with bovine tuberculosis (Francis,

jto mycobacteria 1958) but their immunological responsesAare low grade and
may not be similar enough to those of the badger for
comparison (Thorns et al.. 1982).

It is obvious that the design of a study which aims to
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reproduce immunological responses, accurately identical to 
those of wild badgers, is almost impossible. However this 
study has revealed several interesting observations.

Seasonal variation in badger weight is known to occur 
(Pritchard et al.. 1987) and was also evident in the
vaccination study (7.1.3.1). Although the weights of 
intradermal BCG vaccinates fell below normal seasonal 
levels as previously described (Mahmood, 1985) those 
vaccinated with autoclaved M.vaccae showed normal seasonal 
variation.

Lesions at intradermal BCG vaccination sites were 
similar to those reported elsewhere (Mahmood et_al., 1989)
and like those of humans. M.vaccae does not persist in 
tissue (Collins, 1978) and so responses were less 
pronounced, although also like those of the human (Stanford 
et al. . 1989; Ghazi Saidi ,et al. . 1989).

Ulceration at BTB inoculation sites agrees with that 
reported by Mahmood (1985) and although he found that 
intradermal BCG vaccination led to significantly smaller 
and more quickly resolving inoculation sites, this did not 
agree with the findings described in Chapter 7.1.3.3.

Badger antibody responses are not poor as previously 
suggested (Higgins and Gatrill, 1984) although much is 
probably directed to the antigens shared by all 
mycobacteria, leading to difficulty in interpretation of 
previous studies (Morris et al.. 1979).In the current study,
vaccination may have boosted the ability to recognise the 
shared mycobacterial antigens, indicating probable 
protection.
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As found for other animal species investigated in this 
thesis, and as previously described for the badger (Mahmood 
et al. , 1987a), whole live BCG is a more stimulatory LTT
antigen than sonicated or soluble antigens. This may be 
due to pre-existing suppressor determinants, normally 
produced under incubation, being destroyed by heat killing 
(Smelt et al.. 1981; Lovik and Closs, 1983). Alternatively 
or additionally, badgers and other species may lack a 
subpopulation of lymphocytes responsive to sonicates (Rola- 
Pleszczynski et al. 1982). In this study, LTT data
suggested that vaccination with intradermal BCG and 
autoclaved M.vaccae may have boosted the recognition of 
shared mycobacterial antigens and hence protection. Autopsy 
revealed surprisingly that intradermal BCG failed to reduce 
dissemination of disease throughout the body in comparison 
to non-vaccinates, which does not correlate with the 
increased proliferation of lymphocytes.

Skin test responses can vary seasonally (Stewart et 
al., 1970) and although badgers in this study were not skin 
tested, LTT, another indicator of cellular immunity, did 
appear to show seasonal variation. After infectious 
challenge, and when badgers had accumulated their fat in 
preparation for winter, lymphocyte proliferation was high. 
Nearer summer, when winter fat was lost,
lymphoproliterative responses became much less. Conversely, 
wildfowl also show low LTT values in winter, when they are, 
lighter (R.L Cromie, personal communication). This 
phenomenon may therefore be dependent upon weight, rather 
than season.
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During the anergic stages of tuberculosis, antibody 
responses, like those of the LTT, rise and fall 
erratically as the badger moves backward and forward along 
an immunological spectrum (Mahmood et al., 1987b) similar
to that described for leprosy (Ridley and Jopling, 1962). 
At this time, an inverse relationship between cellular and 
humoral immunities is seen in human cases of tuberculosis 
and leprosy (Turk and Bryceson, 1971; Bhatnagar et al.. 
1974; Lenzini et al.. 1977) and also in experimental
situations (Lagrange et al.. 1974). This inverse
relationship was also evident in this badger study, 
occurring mainly as a consequence of infection after 
vaccination.

Evaluation of vaccine efficacy, when based on autopsy 
results, was made difficult by the frequent lack of 
concordance between what appeared to be and what was 
infected. Concordance was good, however, for the with oral 
killed M.vaccae vaccinated group. Perhaps a true 
indication of dissemination can only come from culture of 
lesions, as some may become sterile in time. What was also 
evident from this study was that badgers can die with very 
few live AFB in their tissues. This may correlate with the 
adoptive transfer experiments of Leverton et al., who have 
suggested that immunopathology may make a great 
contribution to morbidity in protected animals (Leverton et 
al.,1989).

Only one badger (X34, an autoclaved M.vaccae vaccinate)
appeared anaemic at autopsy. In humans with disseminated
tuberculosis involving the reticulo-endothelial system,
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blood dyscrasia is common (Eakins and Nelson, 1969). The 
most significant haematological disorder associated with 
badger tuberculosis is anaemia (Mahmood et al.. 1988). It
is unusual that more badgers did not appear anaemic, 
although this condition is often difficult to determine by 
bodily appearance alone.

Badgers and cattle share the same pasture (Kruuk, 1979) 
and badger tuberculosis is a chronic disease with much 
bacillary spread over long periods of time (Little et al.. 
1982a). Although autoclaved M.vaccae did not prevent the 
establishment and dissemination of disease, it 
significantly reduced the period of excretion by delaying 
it.

Although badgers have been considered as unresponsive 
to tuberculosis (Zuckerman, 1980; Little et al.. 1982a),
this study and that of Mahmood have shown that this is 
untrue. The badger mounts both cellular and humoral 
responses to tuberculosis, not so very different from other 
mammals, and they are capable of stimulation by 
vaccination. Only when disease becomes progressive do 
badgers show intermittent anergy.

Autoclaved M.vaccae did not prevent establishment of 
disease in a badger, but did reduce its infectivity. 
It is possible that vaccination could influence the 
cellular response to prevent establishment of a natural 
challenge in the wild.
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13.1.2.5. Vaccine studies in cattle.
Now that autoclaved M.vaccae had demonstrated some 

efficacy as a vaccine in captive badgers, its study in the 
field was essential. As described in the introduction to 
this thesis, diagnosis of tuberculosis in cattle is by skin 
test and, although not ideal, is the only method available. 
Therefore, interference with its results would be 
unacceptable. A study of various ages and both sexes of 
cattle, involving large doses of vaccine and the use of two 
different types of skin test reagents, failed to show the 
induction of a positive skin test by "Badge Vac". Nor did 
it influence cellular or humoral immunities even after 1 0 0  

doses.
Assessment of cellular and antibody responses, 

especially in older cattle, was difficult to make, as their 
massive contact with environmental mycobacteria provides 
much background "noise".

Although skin test reactivity is considered a 
manifestation of DTH and was evident for the cattle 
injected with BTB, difference in LTT responses to avian and 
bovine PPDs was not reflected in a variation in dermal 
hypersensitivity.

Although tuberculous cattle are difficult both to 
obtain and house, the effect of autoclaved M.vaccae on pre
existing positive skin test responses is currently under 
study and has shown favourable preliminary results.

Desensitisation of skin tests has been explained by
excessive antigen release (Rook, 1975) and may also
coincide with a loss of circulating sensitised lymphocytes
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(Bryceson et et al.. 1974). The phenomenon is reversible
and probably rules out the elimination of specific
lymphocyte clones or any mechanism dependent on humoral 
factors. "Badge Vac" did not stimulate the cellular or 
humoral immunities of cattle (Chapter 8 .2.3.2. and
8 .2.3.3.). It is therefore difficult to imagine that, even 
in large doses, it would switch off a pre-existing positive 
skin test response. A need for the inclusion of more cattle 
is obvious, although the design of a protocol for this 
study is very difficult. The investigation of various ages 
of cattle, in different stages of tuberculosis, 
intercurrent infection and perhaps pregnancy, all of which 
can affect skin tests, makes a comprehensive study almost 
impossible. The use of other animal species may assist, 
although desensitisation data will probably only be
acceptable when actually performed in cattle and with
Weybridge PPDs.

13.1.2.6. Vaccine manufacture. acceptability to the
badaer and toxicity studies.

Autoclaved M.vaccae was given to the captive badgers
described in Chapter 7, in chicken carcasses. Although
chicken has also been used to vaccinate Swiss foxes
against rabies (Bacon and MacDonald, 1980) its use for wild
badgers was unrealistic, with many other species also
eating dead flesh. Before a field study could commence, a
vaccine formulation acceptable to the wild badger and
easily manufactured in large numbers had to be developed.
Studies in guinea pigs have shown that an emulsion may be
the best way to present the antigens of M.vaccae although
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efficiency has also been demonstrated in badgers, after 
suspension of M.vaccae in borate buffer. However for ease 
of manufacture, the vaccine formulation had to be dry.
Chapter 9 describes a process by which an inexpensive
vaccine could be made by hand, although this was laborious. 
Quality control studies of the vaccine were carried out 
which satisfied MAFF that a consistent, "microbiologically 
clean" and dead vaccine was produced. The "Batch test", 
which supposedly determined constancy in the antigenicity 
of M.vaccae strain R887R, was not adequate. It did not 
include the challenge of guinea pigs following vaccination. 
However, if the vaccine strain of M.vaccae R877R is stored 
under constant conditions and subcultured at similar times 
through its growth phase and onto identical media, minimal 
variation should occur.

As the vaccine was to be laid in the wild, it had to be 
protected from moisture, enzymes and any other chemicals 
found in the soil. Witepsol proved adequate for this 
purpose, although its use has now been superseded by 
chocolate, which also acts as a badger attractant. The 
final formulation was named "Badge Vac"

"Badge Vac" was easy to prepare, but its acceptability 
to the wild badger was unknown. This could not be
taken for granted, as the acuity of human and badger 
senses differ greatly. A study of both wild and captive, 
but untame, badgers indicated that "Badge Vac" was 
acceptable.

The hierarchical system which exists within a badger
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social group was investigated to determine whether,
perhaps, one dominant badger would eat all the laid
capsules. This did not occur and most members of each sett,
be they cubs or adults, consumed at least one dose of
"Badge Vac". Emergence times may vary over a period of 100 
minutes, in early summer, highlighting the need to watch 
more than one sett before establishing a daily timetable 
for the deposition of "Badge Vac".

Although no other species took the capsules, one mouse 
removed peanuts from the bait, suggesting that "Badge Vac" 
plus bait should be laid under either a stone or a sod of 
earth.

The lack of toxicity attached to one dose of "Badge 
Vac" had already been realised from the captive badger 
colony study (Chapter 7.1.) but in the wild badgers would 
have access to more than one dose of "Badge Vac". A 
toxicity study (Chapter 7.2.) showed that ten doses would 
not harm the badger. Any attempt to detect chronic 
toxicity, or to establish its safety for fish, birds or 
insects was outside the scope of this thesis.

Although cattle receiving either 100 or 200 doses of
"Badge Vac", as part of the skin test studies, were not
formally monitored for toxicity, none showed any signs of
abnormality (Chapter 8 ). Mice were also included in the
toxicity study (5.1.), as they are ready indicators of
toxicity, having a large liver to body weight ratio and a
fast metabolism. Neither behavioural or weight change
followed oral administration of 100 doses of "Badge Vac",
although M.vaccae remained in the gut within detectable
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limits, long enough for the manifestation of acute toxic 
effects. No toxicity was seen in guinea pigs which had
received a double dose of "Badge Vac" (Chapter 4.3.). 
Toxicity did not arise from combination of formulation 
constituents within the gut of cattle or guinea pigs. Mice 
were not given the full formulation of "Badge Vac", as even 
scaled down amounts of lactose, starch and gentian violet 
might have interfered with expression of toxicity, by 
causing diarrhoea or hyperglycaemia.

Chemicals are absorbed, distributed, metabolised and 
excreted in a way particular to each species, as the 
targets or receptors on which chemicals interact to elicit 
toxic effects frequently differ both quantitatively and 
qualitatively. Circadian rhythms may influence the response 
of the species to a substance and although badgers and mice 
included in this study consumed "Badge Vac" or M.vaccae 
when emerging from sleep, guinea pigs and cattle were given 
it well into their period of activity. Perhaps all test 
animals should have been dosed at the same "time" of their 
"biological clock". Diet is also known to affect toxicity 
as during starvation catabolic changes induced may affect 
the manufacture of drug metabolising enzymes, as well as 
causing stress. For example, phenothiazine derivatives are 
more toxic when given with food than when given by gavage 
(Boyd, 1972). Interaction with food was not investigated in 
this study. Thus, extrapolation of results from one species 
to another, e.g. from mouse to badger, must be made 
cautiously. However, within the limitations of this study,
"Badge Vac" was considered safe in overdose.
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13.1.2,7, Field study of "Badge Vac" in Ireland.
"Badge Vac" had now been found for several animal 

species to be safe in multiple doses. Although it had shown 
the ability to immunise captive badgers, its effect on the 
immune system of wild badgers, living under completely 
different conditions, was unknown. Chapter 10 describes the 
commencement of the first field study of "Badge Vac" in the 
wild. A major bovine tuberculosis problem exists in Ireland 
which made it a suitable place for study. In 1988, over 
30,000 cattle reacted to the tuberculin test and were 
slaughtered. Although not all were infected, this number 
was nearly 40 times that of England (Harris, 1989). The aim 
of this study was initially to ascertain whether it was 
possible to administer "Badge Vac" in such a way that each 
sett member would receive at least one dose. If this were 
the case, it was hoped that effective immunisation of wild 
badgers would also occur. A problem with bait acceptance 
was encountered at first, but by changing the pre-baiting 
schedule and coating vaccine capsules in chocolate, 
acceptance was raised from 49 to 71%. However, as the 
second batch of capsules were administered to badgers from 
a different location and were handled by forceps or with 
gloves, the real reason remains debatable.

Although removal of capsules solely by badgers is 
difficult to show, studies in 7.3. have suggested that this 
is probably the case.

Incorporation of coloured or 
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fluorescent dyes into the capsules might have been useful, 
but would not determine whether individuals ate capsules. 
The incorporation of tetracycline, which is deposited in 
the bones and teeth might indicate this, but would involve 
trapping, anaesthesia and the use of invasive techniques, 
and is therefore not feasible. 1 0 0 % vaccination of a badger 
population is probably impossible, but then uptake of 
vaccination offered to human populations is never 1 0 0 %, but 
is often effective at providing a herd immunity.

Further unanticipated problems included the deterring 
of badgers by cattle walking across setts and the making of 
silage. Perhaps cattle activity around setts during 
vaccination should be limited by the use of electric cattle 
fencing, raised above badger height.

A degree of insight has been gained concerning the 
logistics of vaccinating wild badgers for the first time. 
From this first year, it is evident that most badgers ate 
at least one dose of "Badge Vac". Although vaccination with 
"Badge Vac" leads to the production of memory lymphocytes, 
the length of their production is unknown and so annual 
vaccination has been proposed. This also has the advantage 
of including the new year's cubs.

The results of the "Badge Vac" efficacy trials in
Ireland will not be known until 1993 at the earliest. If
vaccination is successful, a downward decline in the
reactor rates of cattle in one area and not the other would
be expected. Incidence of tuberculosis, like other
diseases, is cyclic. Perturbation by vaccination may not
lead to the expected result of constant decline. Peaks in
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the general decline, as has been seen in rubella 
vaccination campaigns, should not be taken to indicate 
"Badge Vac" failure (Gleick, 1988).

In 1990 the study may be extended to cover a large 
part of County Clare. This will necessitate the production 
of "Badge Vac" by a pharmaceutical company or a change in 
the formulation enabling manufacture to still be carried 
out by hand.

13.1.2.8- Commencement of a field study in England.
No field study of "Badge Vac" has commenced in England. 

In this country, before a yaccine or drug can be used even 
on a trial basis, it must be granted an Animal Test
Certificate (ATC)>
To obtain this, a certain degree of efficacy must be 
demonstrable for the product and it must be shown to be 
free from toxic elements, endangering either the target 
species or any others. Manufacture and quality control must 
conform to good pharmaceutical practice. These issues have 
been satisfied. Although "Badge Vac" did not induce skin 
test positivity in healthy cattle, the desensitisation 
study has so far included only one heifer. As mentioned 
earlier, the study of more cattle is planned, although 
housing is difficult. This is the major objection to the 
provision of Ian ATC.

An area in Oxfordshire has been suggested for a 
preliminary English field study of "Badge Vac". Although 
the tuberculosis status of badgers in this area is unknown, 
it would be ideal for determining logistics which, for
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various reasons, may not be the same as in Ireland. As 
there are no cattle in this area, it is difficult to 
understand why it is not acceptable to the VPC.

Badger control operations, involving much financial 
expenditure but showing little cost effectiveness 
(McInerney, 1986; Power and Watts, 1987), have now been in 
progress for over ten years. There is no foreseeable 
solution to the problem. Vaccination, costing a fraction of 
culling badgers, should now be considered as a potential 
alternative.

13,1.2.9. Changes in the alycosylation of badger
immunoglobulin G.

A change in the glycosylation of IgG previously 
described in humans (Parekh et al.. 1985), has now been
found to occur in the serum of some badgers. The curve 
which has been constructed relating badger age with 
agalactosyl IgG formation (11.4.1) is different to that 
described for humans during the early years (Parekh et al.. 
1988). Age is known to influence the immune response 
(Goidl et al.. 1976; Dorai et al.. 1978) and a rise in
agalactosylation of IgG may occur because of this.

Tuberculosis in badgers may cause a rise in agalactosyl 
IgG, similar to that described for humans (G.A.W Rook, 
personal communication). Agalactosyl IgG molecules may form 
aggregates (Parekh et al.. 1985) which could be
pharmacologically active and evoke cytokine release i.e. 
TNF from macrophages (G.A.W Rook, personal communication). 
This may account for the clinical features of tuberculosis, 
such as weight loss. The possible influence of anti
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tuberculosis vaccination on levels of agalactosyl IgG, once 
a badger becomes infected, is interesting and merits 
further study.

In conclusion, examination of further badger sera may 
help in the understanding of any pathological effects 
associated with agalactosyl IgG and whether these can be 
artificially influenced.

13.1.2.10. The humoral responses of badgers from two 
English counties.

Recently, the dogma which suggests that antibodies are 
unimportant in mycobacterial infection has been challenged 
(Lyons and Naafs, 1987). Although antibodies appear to 
afford little or no protection against a mycobacterial 
disease such as leprosy, prior exposure to environmental 
mycobacteria may influence the type of disease which an 
individual develops. Geographical variation can determine 
which mycobacteria are present, as shown by the variation 
in skin test responses to tuberculins in Libyan children 
and Ugandan adults (Stanford et al.. 1976b; Stanford et
al.. 1976a) and in many other places. The different
influences of priming with environmental mycobacteria have 
been suggested as the cause of both failure and success of 
BCG vaccination trials (Bechelli et al.. 1974; Stanley et
al., 1981) and there may be similar recognition following
exposure to pathogenic mycobacteria, including
M.tuberculosis.

Suppression of the immune response following contact 
with environmental mycobacteria has been reported and 
although hypersensitivity to skin test reagents is mostly
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due to a cellular response, the cell mediated deficit seen 
for M.leprae may also explain the often anergic state of 
the tuberculous badger. This may partly explain why badger 
tuberculosis occurs in geographical foci. As not all
badgers within an infected social group become tuberculous, 
some must have protective immunity. Whether this was
determined or influenced by contact with environmental 
mycobacteria required investigation. Further investigation 
into the response of badgers to environmental mycobacteria 
may reveal that prior stimulation or suppression of the
humoral response may necessitate modification of a badger 
vaccine, depending on the distribution of environmental 
mycobacteria.

Badgers described in Chapter 12 produced antibodies to 
mycobacteria which they met in their environment. As 
prolific diggers, they must experience much priming by the 
oral and respiratory routes. Antibody to New tuberculin 
was equally present in the two areas with much of the
response directed to the common antigen. However 4 adults 
(2 from each area) and 1 adult (from Staffordshire) had 
antibody levels to New tuberculin more than 40% above their 
mean antibody level to other reagents. This strongly 
suggests contact with BTB, and as these badgers were not 
tuberculous at autopsy (Cheeseman et_al., 1985a; Pritchard 
et al. . 1986) this may indicate an acquired immunity to
BTB. Additionally, proliferation of lymphocytes to whole 
BCG has also been demonstrated for these badgers (Mahmood 
et al., 1987a; Mahmood et al., 1987b). As badgers in this
study had variable responses, this corroborates the theory
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of the immune spectrum of badger tuberculosis (Thorns and 
Morris, 1983; Mahmood et_al. , 1987b).

No serological assay exists which will correctly 
diagnose tuberculosis in all cases, although this has been 
sought since the beginning of the 20th century. This study 
has been unable to show that any of the antigens used would 
be useful for all ages of badger in both areas.

Further study of the way that antibodies produced by 
contact with environmental mycobacteria may influence the 
immunological response to tuberculosis is necessary.

13.2. Conclusions.
"Badge Vac", a vaccine for badgers, has been developed

and may reduce the spread of bovine tuberculosis within the
population. It may significantly reduce the time that a
badger excretes bovine tubercle bacilli into the
environment, is safe in large doses, both to badgers and
other species and is simple to manufacture. It does not
sensitise healthy cattle to the skin test used for
diagnosis of tuberculosis in cattle, nor does it appear to
desensitise pre-existing responses, although this study is
in the preliminary stages. Furthermore, it does not
interfere with the expression of the immune response to
subsequent challenge with mycobacteria. In general,
"Badge Vac" has fulfilled all requirements set out in 3.3.
The immunogenicity of M.vaccae can be improved by killing
it with heat rather than radiation, and incorporation into
an emulsion may further increase its protective abilities.
Studies have shown that badgers make antibodies to
mycobacteria that they meet in their environment. Whether

280



this differential priming contributes to the localisation 
of infected foci in England is an interesting point. A
structural change in the IgG of man and mouse is now also 
known to exist for the badger and is influenced by age and 
tuberculosis.

The work in this thesis has contributed to the 
understanding of the badger's response both to its 
environment and to infection with tuberculosis. In "Badge 
Vac” there now exists a potential alternative to the 
killing of badgers.

13.3. Future plans.
It is anticipated that in 1990 the field trial of 

"Badge Vac” will be extended from a small study in County 
Cork to a much larger one covering a large area of County 
Clare.

This extension will necessitate pilot industrial 
production of "Badge Vac", as the method of manufacture 
which is currently used would not produce adequate numbers 
of " Badge Vac" capsules. A pharmaceutical company may be 
approached with this aim.

If, after completion of cattle studies, "Badge Vac" is 
found not to desensitise the skin test response, then the 
commencement of an English field study to test the 
vaccine's efficacy would seem appropriate. This may indeed 
be essential if badger tuberculosis is to stand any chance 
of eradication.
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Vaccine
group

Antigen
Rh AC Go Nt

PV PI PV PI PV PI PV PI
M.vaccae
(I/d)
Mean 0.23 0.3 0.4 0.53 0.67 0.87 0.86 0.8sd 0.02 0.09 0 0.15 0.13 0.12 0.05 0.13
n 3 6 3 6 3 6 3 6
BCG
(I/d)
Mean 0.17 0.32 0.4 0.41 0.53 0.57 0.93 0.55sd 0.01 0.05 0 0.12 0.15 0.14 0.06 0.05
n 3 4 3 4 3 4 3 4
Killed 
M.vaccae 
(oral) 
Mean 0.03 0.3 0.09 0.38 0.13 0.69 0.23 0.57
sd 0.006 0.09 0.04 0.09 0.06 0.44 0.03 0.19
n 3 7 3 7 3 7 3 7
Live
M.vaccae
(oral)
Mean 0.02 0.26 0.05 0.28 0.12 0.53 0.16 0.43
sd 0.008 0.05 0.02 0.08 0.07 0.24 0.15 0.14
n 4 4 4 4 4 4 4 4
Killed 
BCG 
(oral) 
Mean 0.06 0.26 0.2 0.27 0.32 0.42 0.5 0. 4
sd 0.05 0.09 0.2 0.07 0.3 0.11 0.5 0. 13
n 2 7 2 7 2 7 2 7
Live 
BCG 
(oral) 
Mean 0.08 0.31 0.15 0.37 0.32 0.62 0.38 0.52
sd 0.0 0.11 0.15 0.11 0.32 0.19 0.36 0.13
n 5 6 5 6 5 6 5 6
Control
Mean 0.03 0.33 0.07 0.36 0.16 0.57 0.25 0.56
sd 0.008 0.08 0.02 0.1 0.02 0.14 0.4 0.13
n 6 3 6 3 6 3 6 3
PV = post vaccination, 
I/d = intradermal, sd =

PI = post infection,
= standard deviation, n =: number

Appendix 4.1. ELISA absorbance values for guinea pig (Pilot 
Vaccination study).

304



Vaccine K
Antigen
F Xe AA

group PV PI PV PI PV PI PV
M.vaccae
(I/d)
Mean 1 1.18 0.82 0.73 0.3 0.47 0.54
sd 0 0.15 0.1 0.15 0.06 0.09 0
n 3 6 3 6 3 6 3
BCG
(I/d)
Mean 1 0.95 0.48 0.48 0.23 0.36 0.54 1
sd 0 0.24 0.2 0.02 0.03 0.05 0 i
n 3 4 3 4 3 4 3
Killed 
M.vaccae 
(oral) 
Mean 0.26 0.88 0.24 0.56 0.14 0.41 0.16 I
sd 0.12 0.21 0.08 0.2 0.01 0.12 0.06 i
n 3 7 3 7 3 7 3
Live
M.vaccae 
(oral) 
Mean 0.22 0.66 0.15 0.42 0.1 0.31 0.07 l
sd 0.18 0.24 0.07 0.16 0.05 0.06 0.02 i
n 4 4 4 4 4 4 4
Killed 
BCG 
(oral) 
Mean 0.6 0.68 0.44 0.41 0.2 0.29 0.3 0
sd 0.6 0.17 0.48 0.14 0.1 0.08 0.3 0
n 2 7 2 7 2 7 2 7
Live
BCG
(oral)
Mean 0.4 0.79 0.3 0.5 0.17 0.31 0.2 0
sd 0.35 0.22 0.17 0.13 0.04 0.05 0.17 0
n 5 6 5 6 5 6 5 i
Control
Mean 0.3 0.08 0.2 0.53 0.14 0.34 0.12 i
sd 0.1 0.27 0.05 0.12 0.05 0.08 0.03 i
n 6 3 6 3 6 3 6
Appendix 4.1. contd.

PI

0.7
0.1
6

0.57
0.08
4

0.61
0.18

0.47
0.07
4

0.5
0.11
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Vaccine
group

Antigen 
Ne Dh

PV PI PV PI
M.vaccae
(I/d)Mean
sd
n

0.24 0.29 0.58 0.6
0.05 0.1 0.08 0.12
3 6 3 6

BCG
(I/d)
Mean
sd
n

0.18 0.21 0.53 0.4
0.03 0.03 0.1 0.07
3 4 3 4

Killed
M.vaccae
(oral)
Mean
sd
n

0.14 0.26 0.19 0.44
0.01 0.05 0.05 0.16
3 7 3 7

Live
M.vaccae
(oral)
Mean
sd
n

0.12 0.25 0.1 0.32
0.06 0.06 0.01 0.08 
4 4 4 4

Killed
BCG
(oral)
Mean
sd
n

0.18
0.07
2

0.24
0.06
7

0.38
0.38

0.32
0.07

Live
BCG
(oral)
Mean 0.15 0.32 0.3 0.38
sd 0.02 0.04 0.2 0.08
n 5 6 5 6
Control
Mean 0.13 0.3 0.2 0.4
sd 0.04 0.07 0.07 0.01
n 6 3 6 3
Appendix 4.1. contd.
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Days.
Vaccinated -4 -3 -2 -1 0 1 2
mean 0 4 3.5 6.2 8.1 8.7 9.2
sd 0 4.6 3.4 3.9 4.3 3.9 3
n=2

3 4 5 6 7
mean 10.3 11.7 13 13.4 13.6
sd 3.8 4.7 4.4 4.2 4

Unvaccinated -4 -3 -2 -1 0 1 2
mean 0 1 0.5 5.9 6.8 5 7.5
sd 0 6.4 5.4 4.2 4.9 4.4 5.6
n-2

3 4 5 6 7
mean 8.6 10 11.8 13.1 14.8
sd 5.6 5.9 1.6 5.8 7.5

Appendix 4.2. % change in guinea pig weight (Toxicity
study).
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Vaccine Days .
dose -6 -5 -4 -3 -2
0 mean 0.00 3.00 3.60 0.73 0.sd 12.00 12.80 14.00 12.00 12.n 5 5 5 5 5
1 mean 0.00 2.60 -0.70 -0.70 0.

sd 4.50 5.20 4.90 5.20 4.
n 5 5 5 5 5

50 mean 0.00 2.30 0.78 -1.10 0.
sd 5.80 5.00 5.40 4.60 5.
n 5 5 5 5 5

200 mean 0.00 -3.90 -10.00 -1.50 -3.
sd 4.60 4.20 3.00 4.60 4.
n 5 5 5 5 5

200 mean 0.00 -4.20 -10.00 -1.00 -3.
excluding sd 4.60 4.20 2.20 4.20 3.
mouse 3 n 4 4 4 4 4

Vaccine Days
dose -1 0 1 2 4
0 mean 2.30 -5.00 -1.40 -3.00 -0.

sd 11.40 11.70 12.00 10.60 10.
n 5 5 5 5 5

1 mean 3.50 -4.50 0.70 0.70 3.
sd 5.20 5.20 5.60 5.60 5.
n - 5 5 5 5 5

50 mean 3.30 -5.00 0.70 -1.50 0.
sd 4.60 3.90 4.60 4.30 4.
n 5 5 5 5 5

200 mean 5.40 -7.70 -3.90 -3.90 -3
sd 4.20 6.10 9.60 8.50 13.
n 5 5 5 5 5

200 4.40 -6.50 -0.70 -1.50 1.
excluding 3.30 4.50 3.80 2.60 3.
mouse 3 4 4 4 4 4

Appendix 5.1. % change in mouse weight i(Toxicity study)
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Vaccine
dose 5 6

Days
7 8

0 mean -1.00 1.00 -1.00 0.70
sd 10.30 12.00 9.50 9.20
n 5 5 5 5

1 mean 1.90 2.60 -1.00 0.75
sd 5.20 3.70 5.60 5.20
n 5 5 5 5

50 mean 0.40 1.20 1.90 1.50
sd 4.60 4.70 5.00 3.10
n 5 5 5 5

200 mean -3.90 -1.90 -11.50 -4.60
sd 8.80 5.80 6.50 4.60
n 5 5 5 5

200 -1.50 -0.70 -10.00 -5.00
excluding 3.00 4.20 1.90 4.90
mouse 3 4 4 4 4
Appendix 5.1. contd.
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Hours.

Vaccine dose.
1 Mean 

sd 
n=5

50 Mean 
sd 
n=5

200 Mean 
sd 
n=5

0 Mean 
sd 
n=5

0 7
0.00 33.75
1.63 4.63

0.00 36.36
2.08 7.53

0.00 28.21
3.08 12.18

0.00 34.15
0.49 8.05

24 29
22.50 25.00
11.50 5.63

27.27 29.87
9.09 12.99

28.21 25.64
11.03 10.26

21.95 30.49
8.54 4.63

Hours.
48 55 96 120

Vaccine dose.
1 Mean 16.25 16.25 10.50 11.25

sd 12.50 10.88 3.13 2.63
n=5

50 Mean 16.88 19.48 16.88 12.99
sd 7.27 7.01 3.90 3.77
n=5

200 Mean 25.64 21.28 15.38 10.77
sd 7.44 10.64 4.10 5.13
n=5

0 Mean 22.0 17.07 10.24 4.15
sd 7.30 7.32 7.93 3.54
n=5

Appendix 5.2. % change in mouse footpad size after
Glaxo BCG inoculation.
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Vaccine
dose.

Hours.
0

0 mean 0.00
sd 1.18
n=5

1 mean 0.00
sd 0.00
n=5

50 mean 0.00
sd 2.35
n=5

200 mean 0.00
sd 1.18
n=5

19 26 43
12.94 9.41 1.18
12.94 0.00 0.00

10.59 8.24 3.53
5.88 7.06 4.71

11.76 11.76 4.71
2.35 4.71 4.71

10.59 5.88 5.88
7.06 4.71 4.71

Hours.
66 81 106 133

0 mean 2.35 7.06 -3.53 4.71
sd 4.71 5.88 1.18 4.71
n=5
1 mean -1.18 0.00 5.88 1.18
sd 2.35 1.18 5.88 5.88
n=5
50 mean 4.71 5.88 10.59 7.06
sd 3.53 4.71 5.88 7.06
n=5
200 mean 8.24 2.35 5.88 10.59
sd 8.24 3.53 5.88 5.88
n=5

Appendix 5.3. % change in mouse footpad size after skin
test with Vaccin.
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Vaccine Hours.
dose.

181 232 375
0 mean 4.71 4.71 4.71
sd 4.71 4.71 4.71
n=5
1 mean 1.18 1.18 1.18
sd 3.53 5.88 3.53
n=5
50 mean 3.53 7.06 3.53
sd 4.71 7.06 4.71
n=5
200 mean 4.71 10.59 4.71
sd 4.71 7.06 4.71
n=5

Appendix 5.3. contd.



Vaccine
dose.

Hours.

1

50

200

Appendix

0 19 26 43
mean 0.00 18.82 20.00 10.59
sd 2.35 8.24 5.88 3.53
n=5
mean 0.00 28.24 25.88 23.53
sd 0.00 5.88 7.06 5.88
n=5
mean 0.00 27.06 23.53 21.18
sd 3.53 3.53 3.53 1.18
n=5
mean 0.00 18.82 18.82 16.47
sd 1.18 4.71 8.24 4.71
n=5
5.4. % change in mouse footpad size after skin

test with New tuberculin.
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Vaccine
dose.

Hours.

0 mean 
sd 
n=5

1 mean 
sd 
n=5

50 mean 
sd 
n=5

200 mean 
sd 
n=5

Vaccine
dose.

0 mean 
sd 
n=5

1 mean 
sd 
n=5

50 mean 
sd 
n=5

200 mean 
sd 
n=5

66
14.12
4.71

23.53
5.88

22.35
4.71

16.47
5.88

181
16.47
8.24

23.53
5.88

21.18
7.06

21.18
9.41

81
-2.35
2.35

17.65
3.53

23.53
5.88

20.00
5.88

Hours.
232

16.47
8.24

22.35
4.71

25.88
4.71

22.35
3.53

106
-3.53
1.18

5.88
5.88

11.76
5.88

4.71
5.88

375
16.47
8.24

23.53
5.88

21.18
7.06

21.18
9.41

133
16.47
4.71

22.35
4.71

25.88
4.71

22.35
3.53

Appendix 5.4. contd.



New tuberculin Scrofulin
Weeks after vaccination.

Vaccine -4 8 16 74 -4 8 16
group.
Gamma/ Mean 0.19 0.28 0.24 1.40 0.15 0.25 0.32
Water/ sd 0.1 0.1 0.04 0.80 0.05 0.08 0.02
oral. n 2 2 2 3  2 2 2

Gamma/ Mean 0.12 0.3 0.220 1.20 0.13 0.27 0.22
oil/ sd 0.02 0.25 0.07 0.30 0.02 0.23 0.02
oral n 2 2 2 5  2 2 2

Auto/ Mean 0.15 0.16 0.2 1.20 0.2 0.14 0.26
water/ sd 0.03 0.03 0.70 0.01 0.02
oral n 2 2 1 5  2 2 1

Auto/ Mean 0.1 0.19 0.33 1.50 0.06 0.19 0.44
oil/ sd 0.05 0.07 0.13 1.00 0.05 0.09 0.26
oral . n  2 2 2 3  2 2 2

Gamma/ Mean 0.09 1.1 0.44 1.70 0.11 0.42 1.10
I/d. sd 0.75

n 1 1 1 3  1 1 1

Auto/ Mean 0.25 1.3 0.40 2.00 0.21 0.49 0.57
I/d. n 1 1 1 1 1 1 1

Control Mean 0.15 0.12 0.24 1.60 0.19 0.1 0.30
sd 0.05 0.60 0.02 0.03 0.10
n 1 1 2 3 2 2 2
Appendix 6.1. ELISA absorbance values for guinea pig 
(Presentation of M.vaccae antigens study).
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74

2.20
0.40

3

2.50
1.00

5

2.00
1.30

5

3.00
1.10

3

2.00
0.20

3

2.40
1

1.50
0.50

3



Kansasin Gordonin
Weeks after vaccination.

Vaccine
group.
Gamma/ 
Water/ 
oral.

-4

Mean 0.23 
sd 0.1
n 2

8

0.57
0.26

2

16 74

1.80 12.30 
0.80 5.60

2 3

-4

0.25
0.06

2

8

0.72
0.09

2

16 74

5.00 38.00 
1.90 21.00 

2 3

Gamma/ Mean 0.15 0.63 1.20 14.70 0.23 1.1
oil/ sd 0.03 0.52 0.30 9.70 0.05 0.55
oral n 2 2 2 5 2 2

3.50 46.00 
0.00 28.00 

2 5

Auto/
water/
oral

Mean 0.2 
sd 0.007 
n 2

0.39 1.20 10.50
0.08 16.00

2 1 5
0.26 0.75
0.05 0.03

3.80 37.00 
39.00 

1 5

Auto/ 
oral.

Mean 0.15 
sd 0.07 
n 2

0.46 3.20 23.00
0.21 2.90 14.00

2 2 3
0.16 0.44 6.90 60.00
0.04 0.16 6.60 25.00

2 2 2 3
Gamma/
I/d

Mean 0.07 
sd
n 1

1.2 4.20 10.00
5.50

1 1 3
0.23 0.78 10.40 23.50

18.00
1 1 1 3

Auto/ Mean 0.25 1.4 3.40 4.70 0.21 1.1 9.20 16.80
I/d n 1 1 1 1  1 1 1 1

Control Mean 0.15 0.27
sd 0.08 0.1
n 2 2

1.50 4.60 0.23 0.48
0.70 1.70 0.04 0.25

2 3 2 2
4.00 7.30
1.20 2.30

2 3

Appendix 6.1. contd.
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Aviumin A Aviumin B
Weeks after vaccination.

Vaccine
group.

Gamma/
oil/
oral

-4

Gamma/ Mean 0.44 
Water/ sd 0.04 
oral. n 2

Mean 0.34 
sd 0.1
n 2

8

0.86
0.34

2

16 74

3.00 13.60 
1.60 1.00 

2 3
1.1 1.70 16.70
1.0 0.35 8.00

2 2 5

-4 8

0.11 0.25
0.02 0.17

16

0.14 0.21 0.35
0.04 0.09 0.15

2 2 2
0.20
0.01

2

74

0.90
0.60

3
0.90
0.40

5

Auto/
water/
oral

Mean 0.4 
sd 0.01 
n 2

0.58 2.30 14.50
0.1 10.00

2 1 5
0.17 0.13
0.01 0.04

0.22 0.90
0.50

5

Auto/ Mean 0.39 0.8
oil/ sd 0.1 0.4
oral n 2 2

5.40 20.00 
4.80 12.00 

2 3
0.12 0.15 0.45 1.30
0.06 0.04 0.33 0.80

2 2 2 3

Gamma/ Mean 0.39 1.8
I/d sd

n 1 1
7.00 12.00 

1.00 
1 3

0.09 0.74 0.90
1 1 1

1.80
1.00

3

Auto/
I/d

Mean 0.51 
n 1

2.6 6.40 13.20
1 1 1

0.17 0.36 0.54 2.40
1 1 1 1

Control Mean 0.5 0.4
sd 0.05 0.1
n 2 2

4.30 9.60
0.00 2.80 

2 3
0.19 0.11
0.03 0.03

0.27
0.10

2
0.90
0.10

Appendix 6.1. contd.
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Aviumin C Xenopin
Weeks after vaccination.

Vaccine
group.
Gamma/ 
Water/ 
oral.

-4

Mean 0.26 
sd 0.03 
n 2

8

0.48
0.17

2

16 74

1.70 6.50
1.20 0.50

2 3

-4

0.37
0.04

2

8

1.3
0.35

2

16 74

3.90 20.00 
2.30 7.00

2 3

Gamma/ Mean 0.2 0.61 0.60 9.00 0.31 2.1
oil/ sd 0 0.55 0.07 6.50 0.05 0.6
oral n 2 2 2 5 2 2

1.35 23.00 
1.60 13.70 

2 5

Auto/ Mean 0.3 0.3 0.85 7.40 0.3 1.2
water/ sd 0.01 0.04 6.30 0.05 0.2
oral n 2 2 1 5 2 2

2.10 18.40 
19.00 

1 5

Auto/ Mean 0.2 0.41 1.90 12.00 0.89 1.4
oil/ sd 0.05 0.17 1.60 6.40 0.02 0.5
oral n 2 2 2 3 2 2

4.70 31.60 
3.60 15.00 

2 3
Gamma/ Mean 0.07 1.2 3.50 4.80 0.32
I/d sd 1.00

n 1 1 1 3  1
0.4 3.00 11.40

11.00 
1 1 3

Auto/
I/d

Mean 0.25 
n 1

1.4
1

2.30
1

5.50
1

0.76
1

0.5
1

3.00
1

0.20
1

Control Mean 0.31 0.26
sd 0.01 0.07
n 2 2

1.10 3.60 0.36 0.9
0.84 0.90 0.05 0.3

2 3 2 2
2.50 2.70
0.42 0.40

2 3

Appendix 6.1. contd.
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Vaccin Diernhoferin
Weeks after vaccination.

Vaccine
group.
Gamma/ 
Water/ 
oral.

-4 8

Mean 0.19 0.39
sd 0.007 0.05
n 2 2

16 74

0.50 6.00
0.40 2.50

2 3

-4

0.36
0.17

2

8

0.88
0.3

2

16 74

3.90 22.00 
2.00 12.00 

2 3
Gamma/ Mean 0.24 0.52
oil/ sd 0.2 0.36
oral n 2 2

0.80 7.20 0.32
0.28 2.70 0.03

2 5 2
1.1 1.40 28.00

0.87 0.50 16.00
2 2 5

Auto/ Mean 0.44 0.44
water/ sd 0.12 0.03
oral n 2 2

0.75 6.40 0.37
3.00 0.04

1 5  2
0.55 2.80 21.00

22.00 
1 5

Auto/ Mean 0.1 0.3 0.93 8.30 0.23 0.57
oil/ sd 0.007 0.01 0.24 5.40 0.1 0.23
oral n 2 2 2 3 2 2

5.70 51.00 
4.60 8.00

2 3

Gamma/ Mean 0.32 1.3
I/d sd

n 1 1
2.30 9.00 0.24

3.70 
1 3  1

1.0 5.30 17.00
12.00 

1 1 3

Auto/ Mean 0.14 1.1
I/d n 1 1

1.70 10.00 0.45
1 1 1

1.2 5.30 11.00
1 1 1

Control Mean 0.17 
sd
n 1

0.4 0.85 6.50 0.4
0.20 2.90 0.04

1 2  3 2
0.54 3.00
0.3 1.50

6.00 
1.00 

2 3

Appendix 6.1. contd.

319



Flavescin Ranin
Weeks after vaccination.

Vaccine
group.
Gamma/ 
Water/ 
oral.

-4

Mean 0.25 
sd 0.07 
n 2

8

0.58
0.02

2

16 74

3.40 13.40 
0.80 5.00

2 3

-4 8 16

0.18 0.11 0.43
0.14 0.08 0.04

2 2 2

74

2.10
1.20

3

Gamma/
oil/
oral

Mean 0.29 
sd 0.1
n 2

0.79 2.60 17.30
0.72 0.50 11.00

2 2 5
0.09 0.24 0.40 2.50
0.05 0.09 0.01 1.30

2 2 2 5

Auto/ Mean 0.38 0.56
water/ sd 0.04 0.007 
oral n 2 2

2.50 20.00 
18.00 

1 5
0.14 0.17
0.01 0.007 

2 2
0.36 1.70

1.60
5

Auto/ 
oil/ 
oral.

Mean 0.22 
sd 0.06 
n 2

0.47 6.70 26.00
0.14 6.00 15.00

2 2 3
0.06 0.14 0.54 2.90
0.04 0.05 0.40 1.90

2 2 2 3

Gamma/
I/d

Mean 0.22 
sd
n 1

1.1 5.20 12.30
4.70

1 1 3
0.04 1.3 0.60

1 1 1
1.00
0.60

3

Auto/ Mean 0.32 0.84 6.00 11.00 0.21 1.2 0.48 1.00
I/d n 1 1 1 1  1 1 1 1

Control Mean 0.37 0.47 3.20 3.30
Sd 0.12 0.32 4.00 0.40
n 2 2 2 3

0.09 0.13 0.40 0.40
0.05 0.04 0.14 0.10

2 2 2 3
Appendix 6.1. contd.
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Day
Vaccine 
group.

1 2 3 4 5 6 7

Gamma/ mean 36 87 60 57 61 73 87
water/ sd 
oral. n=3

11 26 8 11 11 19 13

Gamma/ mean 25 60 57 58 58 78 91
oil/ sd 
oral. n=6

12 24 12 11 11 19 17

Auto/ mean 49 97 70 62 73 105 110
water/ sd 
oral. n=5

16 8 21 17 17 36 30

Auto/ mean 38 94 67 69 62 61 79
oil/ sd 
oral. n=3

13 26 33 23 12 5 2

Gamma/ mean 55 48 54 52 72 80 97
I/d sd 

n=2
8 20 18 2 14 14 6

Auto/ mean 94 144 77 77 72 148 150
I/d sd 

n=2
0 0 0 0 0 0 0

Cont. mean 28 67 55 53 54 80 82
sd
n=4

21 27 5 5 12 21 18

Appendix 6.2. Induration (nun) following inoculation with 
Pasteur BCG (Presentation of M.vaccae 
antigens study).
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Vaccine
group

-1
Months after Infection 
2 4 6 7 8 10 11

IDV
Mean 10.38 10.75 11.20 10.68 10.68 10.90 12.30 12.05
sd 0.88 0.76 0.28 0.90 1.31 1.13 0.90 2.19
n 4 4 2 4 4 4 3 2
IDB
Mean 10.05 10.98 9.90 10.70 11.13 11.13 13.18 14.00
sd 1.68 0.67 0.14 0.42 0.47 0.81 1.02 0.82
n 4 4 2 4 4 4 4 4
OKV
Mean 8.25 10.28 9.50 9.78 9.03 9.15 12.03 12.70
sd 1.26 2.02 1.74 2.02 1.70 1.99 2.59 2.95
n 4 4 4 4 4 4 3 3
OLV
Mean 7.13 9.33 8.83 8.18 8.13 8.05 9.10 9.93
sd 2.18 1.83 1.69 1.14 1.47 1.37 1.25 1.90
n 4 4 4 4 4 4 4 4
OKB
Mean 8.85 10.53 9.88 9.25 9.00 9.43 10.18 11.20
sd 1.42 1.41 1.85 1.58 1.79 1.95 2.73 2.73
n 4 4 4 4 4 4 4 4
OLB
Mean 9.03 12.13 10.28 8.18 8.23 9.23 10.05 11.33
sd 2.02 1.63 1.29 1.63 1.19 0.90 1.28 1.08
n 4 4 4 4 4 4 4 4
CONT
Mean 9.03 10.83 10.25 10.58 10.87 10.65 13.33 13.30
sd 1.16 0.59 0.57 0.61 0.66 0.23 0.61
n 4 4 2 4 3 4 3 4

Appendix 7.1. Badger weights (Kg)
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Vaccine
group
IDV
Mean
sd
n

Months after infection
12 14 15 16 18

13.40 11.80 10.50 9.50 7.60 
1 1 1 1 1

19 20 21

IDB
Mean
sd
n

13.13 11.08 10.15 10.10 8.97 9.60
1.13 0.54 1.44 0.36 0.64 1.25

4 4 4 3 3 3
9.27 10.00 
0.68 0.00 

3 2
OKV
Mean
sd
n
OLV
Mean
sd
n

12.53 11.23 12.70 11.00 10.70 12.00 12.70 13.20 
2.67 1.85 0.14 1.41

3 3 2 2 1 1 1 1

10.13 10.00 9.85 9.67 9.50 8.40
1.85 1.94 1.54 2.08 1.82 2.09

4 4 4 3 3 3
9.37 10.45
1.95 2.62

3 2
OKB
Mean
sd
n
OLB
Mean
sd
n
CONT
Mean
sd
n

12.87 13.17 13.13 11.10 11.00 11.80 11.80 11.40 
1.44 1.35 1.35 1.56

3 3 3 2 1 1 1 1

11.25 11.98 10.58 10.35 
1.26 1.43 0.59 0.85

4 4 4 4

12.55 10.73 10.30 
0.68 0.61 0.63

9.30
0.20

3

9.68 9.63 9.38 9.90
0.64 0.42 0.62 1.53

4 4 4 4

8.03 8.05 9.10 10.55
1.07 0.21 0.14 0.49

3 2 2 2
Appendix 7.1. contd.
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vaccine
group Months after Infection

2 3 4 6 7 8 10 11 12
IDV:
M 10.67 
sd 3.27 
n 6

5.50
1.91

4
5.50
0.71

2
12.50
4.95

2
9.00
2.83

2
10.00
0.00

2
8.50
2.12

2
IDB:
M 4.75 
sd 4.15 
n 8

3.63
3.88

8
3.50
4.13

8
1.88
4.18

8
1.38
2.04

8
4.33
0.82

6
2.33
2.66

6
1.17
1.83

6
1.17
1.83

6
OKV:
M 4.67 
sd 2.66 
n 6

2.50
2.74

6
1.17
1.94

6
3.17
2.48

6
4.75
0.50

4
3.00
2.31

4
4.00
1.41

2
7.00
0.00

2
0.00
0.00

2
OLV:
M 7.88 
sd 1.79 
n 8

2.63
3.35

8
1.88
2.32

8
2.88
2.95

8
2.13
2.99

8
2.83
3.10

6
2.50
0.96

6
2.33
2.65

6
1.83
3.40

6
OKB:
M 9.13 
sd 2.45 
n 8

7.25
1.26 

8
4.33
4.62

6
0.00
0.00

6
1.83
1.50

6
4.00
0.00

4
5.00
5.60

2
3.00

2
0.00

2
OLB:
M 3.88 
sd 1.79 
n 8

1.50
2.45

8
1.25
2.58

8
0.88
1.83

8
1.75
2.34

8
2.25
2.35

8
1.25
2.07

8
2.63
2.79

8
1.38
2.40

8
CONT:
M 6.83 
sd 3.30 
n 6

4.38
4.13

8
5.13
3.67

8
1.13
2.35

8
2.25
2.58

8
3.00
0.00

6
2.67
0.96

6
3.50
1.41

4
3.75
0.00

4
(M = mean)
Appendix 7.2. Badger BTB inoculation site sizes (mm).

4.50
5.26

4

0.00
0.00

2

0.00
0.00

4

0.00
1

0.75
1.67

8

5.00
2.12

4
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Vaccine
group.

Months.

IDV
-1 2 4 6 7 8 10 11

Mean
sd
n

3.63
2.74
4.00

2.33
0.83
3.00

2.70
1.00

1.58
0.54
4.00

1.06
0.47
4.00

1.25
0.60
4.00

5.38
4.88
3.00

6.80
1.00

IDB
Mean
sd
n

4.40
3.36
3.00

8.05
4.19
4.00

10.15
5.87
2.00

1.83
1.08
4.00

3.30
1.98
4.00

2.80
1.82
4.00

21.85
18.57
4.00

51.05
37.18
4.00

OKV
Mean
sd
n

3.10
1.05
4.00

1.72
1.49
4.00

5.58
3.76
4.00

1.38
0.59
4.00

1.23
0.52
4.00

2.84
1.51
4.00

17.80
1.00

31.07
10.29
3.00

OLV
Mean
sd
n

1.23
0.85
3.00

1.76
1.53
4.00

1.78
0.50
4.00

1.16
0.20
4.00

1.42
0.43
3.00

2.70
1.71 
4.00

10.68
7.39
4.00

56.30
65.26
4.00

OKB
Mean
sd
n

4.13
5.08
4.00

3.80
3.12
3.00

1.50
0.12
4.00

3.07
1.62
3.00

2.80
2.34
4.00

4.00 
0.87
4.00

8.55
12.79
3.00

19.27
11.83
3.00

OLB
Mean
sd
n

2.43
1.01
4.00

0.93
1.12
3.00

2.37
1.60
3.00

2.57
1.25
3.00

1.33
0.66
4.00

3.63
1.95
4.00

16.88
10.98
4.00

24.28
15.99
4.00

CONT
Mean
sd
n

1.09
0.90
3.00

2.23
0.81
4.00

5.53
4.48
3.00

1.35
0.61
4.00

1.10
1.00

2.03
0.91
4.00

15.83
13.36
3.00

37.77
36.94
3.00

No results = either cells died or badgers not venepuntured. 
Appendix 7.3.a. Badger LTT results (S.I) - Live Glaxo BCG.
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Vaccine
group.

Months.

12 14 15 16 18 19 20 21
IDV

Mean
sd
n

81.00
1.00

1.00
1.00

1.10
1.00

4.30
1.00

IDB
Mean
sd
n

96.65
35.98
4.00

30.93
22.07
4.00

4.40
1.00

10.87
0.80
3.00

1.17
0.90
2.00

3.20
1.00

32.65
23.12
2.00

OKV
Mean
sd
n

80.97
99.69
3.00

7.90
10.50
3.00

2.95
0.64
2.00

2.60
1.00

3.20
1.00

26.00
1.00

17.00
1.00

0.60
1.00

OLV
Mean
sd
n

29.98
31.96
4.00

6.90
1.00

1.90
0.28
2.00

45.75
59.04
2.00

8.73
5.28
3.00

1.40
1.00

8.90
12.16
2.00

0.60
1.00

OKB
Mean
sd
n

36.70
18.33
3.00

6.10
5.72
3.00

4.00 
4.24
2.00

0.30
1.00

9.00
1.00

2.60
1.00

34.00
1.00

1.30
1.00

OLB
Mean
sd
n

23.63
16.76
4.00

41.98
23.23
4.00

1.93
1.70
3.00

1.05
0.35
2.00

3.63
3.07
4.00

2.80
1.00

7.20
6.84
4.00

8.65
4.30
4.00

CONT
Mean
sd
n

22.73
28.83
4.00

15.23
24.17
4.00

0.70
1.00

0.80
1.00

9.65
10.25
2.00

Appendix 7.3.a . contd.
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Vaccine
group. Months.

-1 2 4 6 7 8 10 11
IDV

Mean
sd
n

0.73
0.22
4.00

1.21
0.61
3.00

1.20
1.00

1.21
0.40
4.00

1.30
0.47
4.00

0.68
0.15
4.00

2.40
2.52
3.00

IDB
Mean
sd
n

2.12
2.22
4.00

2.38
1.76
4.00

3.85
2.33
2.00

2.25
1.91
4.00

1.13
0.61
3.00

1.45
0.48
4.00

3.33
2.10
3.00

11.57
4.48
3.00

OKV
Mean
sd
n

1.76
1.17
4.00

1.48
1.40
4.00

1.89
0.89
4.00

1.23
0.23
3.00

1.13
0.23
3.00

0.92
0.33
3.00

8.00
1.00

3.33
1.65
3.00

OLV
Mean
sd
n

0.63
0.27
3.00

1.37
0.76
3.00

0.75
0.19
4.00

1.15
0.24
4.00

2.00
0.87
3.00

1.18
0.38
4.00

3.33
2.20
3.00

31.68
44.53
4.00

OKB
Mean
sd
n

4.27
5.49
3.00

1.27
1.18
2.00

1.43
0.05
4.00

3.00 
1.39
3.00

1.65
0.93
4.00

2.08
0.46
4.00

3.97
6.09
3.00

3.57
1.91
3.00

OLB
Mean
sd
n

1.88
0.76
4.00

1.00
0.28
2.00

1.97
1.15
3.00

1.27
0.31
3.00

1.15
0.06
4.00

1.65
0.83
4.00

2.50
2.07
4.00

4.43
1.34
4.00

CONT
Mean
sd
n

1.02
0.34
3.00

1.18
0.43
3.00

1.45
0.35
2.00

1.00
0.28
4.00

1.70
1.33
4.00

2.73
3.10
3.00

7.73
6.74 
4.00

Appendix 7.3.b. Badger LTT results (S.I) - Bovine PPD
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Vaccine 
group. Months •

12 14 15 16 18 19 20
IDV
Mean
sd
n

47.00
1.00

0.34
1.00

5.00
1.00

IDB
Mean
sd
n

23.58
10.60
4.00

21.40
23.02
3.00

2.45
1.06
2.00

12.43
4.64
3.00

4.00 
1.41
2.00

3.70
0.85
2.00

OKV
Mean
sd
n

45.23
55.25
3.00

52.27
65.01
3.00

34.50
38.89
2.00

6.00
1.00

14.50
1.00

43.00
1.00

0.70
1.00

OLV
Mean
sd
n

30.33
36.09
3.00

6.00
1.00

51.30
61.80
2.00

9.20
9.98
3.00

1.10
1.00

21.33
6.51
3.00

OKB
Mean
sd
n

13.27
10.08
3.00

7.20
6.09
3.00

4.55
3.18
2.00

3.30
1.00

14.30
1.00

4.00
1.00

6.40
1.00

OLB
Mean
sd
n

41.75
39.15
4.00

17.15
7.46
4.00

10.60
7.86
4.00

7.80
10.96
4.00

11.10
8.68
4.00

4.30
1.00

10.23
8.71
4.00

CONT
Mean
sd
n

10.50
10.65
4.00

4.45
7.03
4.00

0.80
1.00

5.00
1.00

0.50
1.00

9.50
1.00

Appendix 7.3 .b. contd.



Vaccine
group. Months.

-1 2 4 6 7 8 10 11
IDV
Mean
sd
n

0.76
0.24
4.00

1.18
0.49
3.00

0.80
1.00

1.24
0.53
4.00

0.98
0.17
4.00

0.71
0.16
4.00

7.54
5.82
3.00

1.00
0.28
2.00

IDB
Mean
sd
n

2.47
3.66
3.00

1.41
0.64
4.00

1.30
0.00
2.00

1.99
2.44
4.00

1.28
0.34
4.00

1.45
0.33
4.00

18.25
19.02
4.00

OKV
Mean
sd
n

1.03
0.15
4.00

1.00
0.61
4.00

1.41
0.62
4.00

1.02
0.43
3.00

1.27
0.23
3.00

0.98
0.26
4.00

5.90
1.00

OLV
Mean
sd
n

0.41
0.22
3.00

1.37
1.11
4.00

0.93
0.22
4.00

1.25
0.47
4.00

1.60
0.30
3.00

0.94
0.19
4.00

4.68
6.10
4.00

OKB
Mean
sd
n

1.51
1.04
3.00

0.34
1.00

1.13
0.15
4.00

2.33
0.45
3.00

1.64
1.93
4.00

1.78
0.88
4.00

0.50
0.42
4.00

OLB
Mean
sd
n

1.46
1.22
4.00

0.59
0.48
3.00

1.27
0.25
3.00

1.85
1.08
3.00

1.04
0.39
4.00

1.13
0.15
4.00

1.88
1.28
4.00

CONT
Mean
sd
n

0.65
0.07
2.00

1.10
0.22
4.00

1.50
0.66
3.00

0.76
0.25
4.00

1.00
1.00

1.58
0.46
4.00

0.97
0.35
3.00

Appendix 7.3.c. Badger LTT results (S-I) - New tuberculin
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Vaccine
group. Months.

12 14 15 16 18 19 20 21
IDV
Mean
sd
n

35.00
1.00

0.90
1.00

0.93
1.00

IDB
Mean
sd
n

9.78
5.81
4.00

3.20
2.69
2.00

4.63
4.43
3.00

1.02
0.68
2.00

OKV
Mean
sd
n

3.63
2.21
3.00

20.97
32.94
3.00

3.10
0.85
2.00

1.20
1.00

0.90
1.00

0.53
1.00

7.60
1.00

OLV
Mean
sd
n

19.70
31.64
4.00

3.23
1.97
3.00

1.40
1.00

0.90
1.00

24.60
1.00

1.21
0.95
3.00

0.70
1.00

0.70
0.00
2.00

OKB
Mean
sd
n

3.15
3.87
3.00

6.73
8.03
3.00

1.05
0.64
2.00

0.60
0.28
2.00

0.60
1.00

1.40
1.00

1.70
1.00

OLB
Mean
sd
n

2.98
2.75
4.00

2.60
1.72
4.00

2.43
1.62
3.00

0.77
1.00

1.20
1.00

0.76
0.30
4.00

1.60
1.00

1.30
0.48
4.00

CONT
Mean
sd
n

3.07
1.38
3.00

1.45
0.64
2.00

1.73
1.36
3.00

0.80
1.00

Appendix 7.3 .c . contd.
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Vaccine
group.

Months.

11 12 14 15 16 18 19 21
IDV
Mean
sd
n

1.00
1.00

1.20
1.00

IDB
Mean
sd
n

21.40
7.25
3.00

22.85
10.57
4.00

1.20
0.42
2.00

1.20
1.00

1.15
0.21
2.00

21.30
20.79
2.00

OKV
Mean
sd
n

3.20
4.20 
3.00

9.30
11.00
3.00

0.87
0.40
3.00

1.00
1.00

1.00
1.00

0.53
1.00

1.10
1.00

OLV
Mean
sd
n

1.90
2.20
4.00

3.10
3.00
3.00

1.80
1.00

2.53
1.93
3.00

4.30
1.00

OKB
Mean
sd
n

0.96
0.26
4.00

5.20
3.75
3.00

1.60
1.00

0.50
1.00

0.90
1.00

1.30
1.00

OLB
Mean
sd
n

4.50
3.30
4.00

8.55
6.20
4.00

0.90
0.14
2.00

4.68
5.93
3.00

0.98
0.22
4.00

1.10
1.00

0.83
0.17
4.00

CONT
Mean
sd
n

4.47
3.80
3.00

1.10
1.10
4.00

1.00
0.22
3.00

0.75
1.00

1.10
0.42
2.00

0.60
1.00

5.73
7.45
2.00

Appendix 7.3.d. Badger LTT results (S.I) - Autoclaved
M.vaccae.



Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean
sd
n

0.33
0.08

4
0.50
0.19

4
0.57
0.21

3
0.66
0.10

4
0.70
0.08

4
0.42
0.03

4
0.80
0.73

3
3.80
2.69

2
IDB
Mean
sd
n

0.53
0.20

4
1.03
0.21

4
1.03
0.21

4
1.07
0.21

4
0.97
0.27

4
0.68
0.17

4
0.84
0.59

4
1.47
0.86

4
OKV
Mean
sd
n

0.42
0.23

4
0.56
0.30

4
0.41
0.34

4
0.53
0.23

4
0.70
0.22

4
0.38
0.20

4
0.63
0.03

3
0.59
0.36

3
OLV
Mean
sd
n

0.36
0.12

4
0.47
0.21

4
0.41
0.22

4
0.59
0.21

4
0.74
0.27

4
0.44
0.19

4
0.69
0.26

4
1.14
0.43

4
OKB
Mean
sd
n

0.40
0.10

4
0.56
0.13

4
0.49
0.21

4
0.57
0.21

4
0.62
0.29

4
0.34
0.08

4
0.59
0.29

4
1.62
0.97

4
OLB
Mean
sd
n

0.34
0.04

4
0.58
0.28

4
0.43
0.24

4
0.40
0.16

3
0.61
0.40

4
0.32
0.16

4
0.52
0.27

4
1.28
1.09

4
CONT
Mean
sd
n

0.36
0.03

4
0.59
0.19

4
0.73
0.17

4
0.67
0.15

4
0.72
0.08

3
0.36
0.04

4
0.74
0.49

3
1.32
0.51

4
No results = either ELISA not done or badgers

venepuntured.
not

Appendix 7.4.a. ELISA absorbance values for badgers - New
tuberculin.



Vaccine
group.
IDV 
Mean 
sd 
n
IDB 
Mean 
sd 
n
OKV 
Mean 
sd 
n
OLV 
Mean 
sd 
n
OKB 
Mean 
sd 
n
OLB 
Mean 
sd 
n
CONT 
Mean 
sd 
n

12

1.30
1

1.25
0.95

4

0.58
0.25

3

0.98
0.52

4

0.73
0.51

3

0.50
0.25

89
54
4

14

2.80
1

2.35
1.26

4

1.40
0.35

3

1.50
0.35

4

1.59
0.93

3

2.91
3.16

4

1.50
0.48

4

15

2.50
1

2.45
1.28

4

1.05
0.35

2

1.20
0.35

3

1.35
1.20

2

1.54
0.90

4

1.29
0.55

4

Month.
16 18 19 20 21

2.80
1

2.17
1.15

3

75
92
2

57
57
3

2.40
1.70

2

93
49
4

14
50
3

4.00
1

2.00
1.48

3

0.75
1

0.87
0.46

3

0.70
1

1.56
1.32

4

1.62
1.55

3

1.62 0.97
0.66 0.72

1.03 1.05
0.40 0.43

0.96
0.45

4

0.60
0.14

2

0.80 0.10 0.80 
1 1 1

0.38
0.32

2

0.90 0.50 0.75
1 1 1

1.58 0.69
1.33 0.59

0.62 0.50 0.58
0.09

2
0.35 0.25

Appendix 7.4.a. contd.
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Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean
sd
n

0.43
0.07

4
0.45
0.16

4
0.49
0.23

3
0.66
0.18

4
0.59
0.14

4
0.51
0.12

4
0.95
0.09

3
3.05
0.92

2
IDB
Mean
sd
n

0.50
0.23

4
0.68
0.37

4
0.85
0.19

4
1.22
0.27

4
0.80
0.21

4
1.04
0.21

4
0.69
0.14

4
1.59
0.98

4
OKV
Mean
sd
n

0.57
0.30

4
0.52
0.19

4
0.47
0.32

4
0.55
0.05

3
0.54
0.10

3
0.56
0.05

3
0.63
0.58

3
1.03
0.84

3
OLV
Mean
sd
n

0.41
0.09

4
0.34
0.15

4
0.30
0.20

4
0.66 
0.24 

4
0.76
0.29

4
0.60
0.33

4
0.69
0.16

4
1.35
0.47

4
OKB
Mean
sd
n

0.49
0.16

3
0.52
0.17

4
0.50
0.22

4
0.63
0.14

4
0.50
0.23

4
0.50
0.20

4
0.68
0.29

4
1.81
1.30

4
OLB
Mean
sd
n

0.38
0.07

4
0.50
0.40

4
0.45
0.22

4
0.51
0.16

3
0.66
0.45

4
0.44
0.27

4
0.39
0.14

4
0.86
0.56

4
CONT
Mean
sd
n

0.41
0.13

4
0.53
0.24

4
0.60
0.25

4
0.82
0.19

4
0.56
0.12

3
0.63
0.11

4
0.66
0.09

3
1.08
0.43

4

Appendix 7.4.b. ELISA absorbance values for badgers -
Kansasin.



Vaccine 
group. 12 14 15

Month.
16 18 19 20 21

IDV
Mean
sd
n

0.56
1

1.30
1

1.30
1

1.00
1

1.00
1

IDB
Mean
sd
n

0.55
0.42

4
1.38
0.59

4
1.09
1.02

4
1.75
1.95

3
1.52
0.58

3
1.00
0.36

3
1.07
0.31

3
0.42
0.17

2
OKV
Mean
sd
n

0.29
0.11

3
0.86
0.05

3
1.20
0.71

2
1.00
0.71

2
0.80

1
0.53

1
0.55

1
0.30

1
OLV
Mean
sd
n

0.53
0.27

4
0.82
0.51

4
0.62
0.43

3
0.63
0.15

3
0.74
0.44

3
0.77
0.23

3
0.67
0.14

3
0.32
0.03

2
OKB
Mean
sd
n

0.34
0.19

3
0.90
0.56

3
0.78
0.46

2
0.61
0.48

2
0.65

1
0.55

1
0.50

1
0.30

1
OLB
Mean
sd
n

0.24
0.12

4
0.53
0.21

4
0.68
0.21

4
0.60
0.23

4
1.08
0.68

4
0.70
0.27

4
0.56
0.27

4
0.32
0.04

4
CONT
Mean
sd
n

0.42
0.25

4
1.02
0.46

4
0.8
0.7

2
0.63
0.58

3
1.37
0.85

3
0.47
0.09

2
0.40
0.14

2
0.39
0.22

2

Appendix 7.4.b . contd.



Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean
sd
n

0.40
0.09

4
0.41
0.18

4
0.39
0.16

3
0.60
0.27

4
0.50
0.12

4
0.35
0.05

4
0.69
0.11

3
2.80
0.71

2
IDB
Mean
sd
n

0.46
0.19

4
0.62
0.34

4
0.74
0.16

4
0.78
0.22

4
0.67
0.21

4
0.54
0.17

4
0.60
0.26

4
1.38
0.71

4
OKV
Mean
sd
n

0.53
0.17

4
0.44
0.17

4
0.37
0.24

4
0.51
0.02

3
0.39
0.06

3
0.44
0.40

3
1.04
0.59

3
OLV
Mean
sd
n

0.39
0.11

4
0.34
0.19

4
0.33
0.21

4
0.36
0.13

4
0.49
0.16

4
0.33
0.11

4
0.78
0.23

4
1.18
0.26

4
OKB
Mean
sd
n

0.48
0.16

4
0.54
0.18

4
0.48
0.21

4
0.46
0.16

4
0.41
0.18

4
0.33
0.10

4
0.57
0.15

4
1.73
0.90

4
OLB
Mean
sd
n

0.35
0.09

4
0.48
0.42

4
0.42
0.30

4
0.33
0.11

3
0.46
0.36

4
0.32
0.19

4
0.33
0.11

4
0.93
0.56

4
CONT
Mean
sd
n

0.42
0.17

4
0.55
0.33

4
0.59
0.28

4
0.53
0.25

4
0.54
0.17

3
0.35
0.15

4
0.53
0.07

3
1.30
0.54

4

Appendix 7.4.C. ELISA absorbance values for badgers -
Gordonin.
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Vaccine
group. 12 14 15

Month.
16 18 19 20

IDV
Mean
sd
n

1.40
1

1.70
1

1.60
1

1.30
1

1.30
1

IDB
Mean
sd
n

1.93
1.40

4
1.08
0.30

4
0.97
0.15

3
1.25
0.65

3
1.23
0.59

3
3.63
2.15

3
1.27
0.35

3
OKV
Mean
sd
n

1.11
0.78

3
0.83
0.29

3
0.92
0.12

2
0.85
0.21

2
0.80

1
1.50

1
0.60

1
OLV
Mean
sd
n

1.14
1.00

4
0.87
0.13

4
0.88
0.11

3
0.75
0.23

3
0.73
0.32

3
2.10
1.31

3
0.73
0.15

3
OKB
Mean
sd
n

1.13
0.21

3
1.23
0.40

3
1.00
0.42

2
0.78
0.32

2
0.77

1
2.00

1
0.75

1
OLB
Mean
sd
n

0.57
0.23

4
0.77
0.21

4
0.80
0.37

4
0.69
0.30

4
0.75
0.31

4
2.13
1.21

4
0.58
0.27

4
CONT
Mean
sd
n

1.43
0.71

4
0.82
0.23

4
0.83
0.32

3
0.67
0.15

3
0.87
0.23

3
1.70
0.71

2
1.50
0.71

2

Appendix 7.4.c . contd.

1.15
0.21

2

1.00
1

1.20
0.28

2

1.20
1

0.93
0.22

4

1.00
0.00

2
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Vaccine
group. -1 2
IDV
Mean
sd
n

0.43
0.11

4
0.48
0.14

4
IDB
Mean
sd
n

0.55
0.29

4
0.80
0.35

4
OKV
Mean
sd
n

0.60
0.34

4
0.70
0.35

4
OLV
Mean
sd
n

0.46
0.08

4
0.40
0.27

4
OKB
Mean
sd
n

0.53
0.13

4
0.72
0.31

4
OLB
Mean
sd
n

0.39
0.10

4
0.61
0.35

4
CONT
Mean
sd
n

0.44
0.11

4
0.61
0.25

4

Month.
4 6 7

0.66 0.73 0.67
0.32 0.24 0.17

3 4 4

1.03 1.25 0.87
0.27 0.19 0.16

4 4 4

0.56 0.71 0.71
0.34 0.43 0.21

4 4 4

0.54 0.58 0.58
0.23 0.23 0.19

4 4 4

0.59 0.63 0.61
0.23 0.18 0.24

4 4 4

0.52 0.50 0.59
0.30 0.12 0.41

4 3 4

0.80 0.82 0.85
0.15 0.17 0.10

4 4 3

8 10 11

0.56 1.07 1.15
0.10 0.12 1.20

4 3 2

0.87 0.74 1.48
0.16 0.23 0.87

4 4 4

0.53 0.59 0.85
0.32 0.36 0.40

4 3 3

0.39 0.65 0.93
0.21 0.18 0.28 

4 4 4

0.46 0.76 1.33
0.16 0.21 0.86 

4 4 4

0.43 0.52 0.81
0.25 0.22 0.40

4 4 4

0.47 0.80 1.07
0.15 0.03 0.44

4 3 4

Appendix 7.4.d. ELISA absorbance values for badgers -
Aviumin A.
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Vaccine
group 12 14 15
IDV
Mean
sd

0.57 0.94 1.20
n 1 1 1
IDB
Mean 0.38 0.58 0.67
sd 0.27 0.56 0.42
n 4 4 4
OKV
Mean 0.13 0.64 1.00
sd 0.05 0.14 0.42
n 3 3 2
OLV
Mean 0.30 0.78 0.64
sd 0.11 0.35 0.14
n 4 4 3
OKB
Mean 0.26 0.63 0.72
sd 0.20 0.13 0.26
n 3 3 2
OLB
Mean 0.21 0.47 0.79
sd 0.12 0.15 0.26
n 4 4 4
CONT
Mean 0.39 0.85 1.20
sd 0.29 0.33 0.81
n 4 4 4

Month.
16 18

1.10 1.00
1 1

19 20 21

1.62
1.54

3

0.75
0.35

2

0.61
0.14

3

0.67
0.24

2

70
19
4

15
67
3

1.23
0.68

3

0.56
1

0.50
0.18

3

0.46
1

0.83
0.54

4

1.23
0.60

3

0.38 0.98 0.83
0.12 0.20 0.24

3 3 2

0.20 0.63 0.70
1 1 1

0.27 0.62 0.63
0.09 0.08 0.06

3 3 2

0.26 0.60 0.65
1 1 1

0.29 0.53 0.60
0.07 0.16 0.05

4 4 4

0.24 0.50 0.68
0.01 0.00 0.01 

2 2 2

Appendix 7.4.d . contd.
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Vaccine
group.

-1 2 4
Month.
6 7 8 10 11

IDV
Mean 0.39 0.37 0.59 0.63 0.72 0.37 0.92 2.60
sd 0.09 0.20 0.24 0.15 0.10 0.04 0.05 0.85
n 4 4 3 4 4 4 3 2
IDB
Mean 0.55 0.69 1.00 1.06 0.97 0.58 0.68 1.48
sd 0.27 0.37 0.24 0.22 0.27 0.16 0.11 1.03
n 4 4 4 4 4 4 4 4
OKV
Mean 0.54 0.52 0.66 0.57 0.50 0.54 0.46 0.71
sd 0.26 0.22 0.21 0.02 0.05 0.01 0.28 0.43
n 4 4 3 3 3 3 3 3
OLV
Mean 0.39 0.35 0.33 0.45 0.66 0.35 0.59 0.98
sd 0.09 0.17 0.20 0.17 0.18 0.10 0.15 0.38
n 4 4 4 4 4 4 4 4
OKB
Mean 0.53 0.59 0.52 0.44 0.57 0.33 0.63 1.50
sd 0.15 0.18 0.22 0.17 0.29 0.09 0.16 1.05
n 4 4 4 4 4 4 4 4
OLB
Mean 0.37 0.49 0.50 0.44 0.75 0.32 0.42 0.77
sd 0.09 0.34 0.34 0.14 0.48 0.17 0.12 0.45
n 4 4 4 3 3 4 4 4
CONT
Mean 0.49 0.51 0.77 0.70 0.80 0.34 0.59 1.02
sd 0.22 0.18 0.26 0.13 0.04 0.08 0.10 0.29
n 4 4 4 4 3 4 3 4

Appendix 7.4.e. ELISA absorbance values for badgers -
Aviumin C.
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Vaccine Month.
group. 12 14 15 16 18 19 20 21
Mean 1.10 0.19 1.00 1.00 1.00
sd
n 1 1 1 1 1
IDB
Mean 1.25 0.87 0.71 0.78 0.95 0.64 0.80 0.81
sd 1.20 0.31 0.19 0.20 0.18 0.26 0.20 0.27
n 4 3 2 3 3 3 3 2
OKV
Mean 0.46 1.55 0.79 0.38 0.50 0.30 0.42 0.50
sd 0.28 1.69 0.30 0.32
n 3 3 2 2 1 1 1 1
OLV
Mean 0.77 0.66 0.59 0.58 0.55 0.44 0.49 0.69
sd 0.46 0.20 0.13 0.11 0.16 0.14 0.06 0.02
n 4 4 3 3 3 3 3 2
OKB
Mean 0.67 0.74 0.70 0.69 0.47 0.46 0.60 0.68
sd 0.29 0.27 0.28 0.26
n 3 3 2 2 1 1 1 1
OLB
Mean 0.43 0.49 0.50 0.72 0.67 0.42 0.43 0.69
sd 0.25 0.11 0.29 0.12 0.27 0.18 0.17 0.09
n 4 4 4 4 4 4 4 4
CONT
Mean 0.88 0.73 0.93 0.78 0.71 0.36 0.40 0.69
Sd 0.63 0.22 0.12 0.29 0.41 0.04 0.00 0.02
n 4 4 3 3 2 2 2 2

Appendix 7.4.e . contd.
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Vaccine Month.
group. -1 2 4 6 7 8 10 11
IDV
Mean 0.48 0.42 0.57 0.45 0.57 0.36 0.71 1.55
Sd 0.13 0.08 0.25 0.18 0.19 0.11 0.20 0.21
n 4 4 3 4 4 4 3 2
IDB
Mean 0.52 0.63 0.83 0.84 0.83 0.66 0.80 0.88
sd 0.24 0.25 0.13 0.22 0.29 0.18 0.34 0.20
n 4 4 4 4 4 4 4 4
OKV
Mean 0.61 0.59 0.62 0.43 0.37 0.48 0.89 0.87
sd 0.30 0.22 0.31 0.06 0.06 0.07 0.79 0.46
n 4 4 4 3 3 3 3 3
OLV
Mean 0.43 0.39 0.37 0.35 0.55 0.34 0.57 0.66
sd 0.08 0.15 0.17 0.12 0.14 0.13 0.09 0.11
n 4 4 4 4 4 4 4 4
OKB
Mean 0.53 0.49 0.59 0.56 0.59 0.44 1.03 0.85
Sd 0.15 0.18 0.22 0.15 0.22 0.15 0.72 0.24
n 4 3 4 4 4 4 4 4
OLB
Mean 0.42 0.54 0.54 0.44 0.60 0.41 0.47 0.78
Sd 0.05 0.31 0.31 0.07 0.47 0.23 0.12 0.29
n 4 4 4 3 4 4 4 4
CONT
Mean 0.44 0.50 0.60 0.64 0.63 0.45 0.62 0.82
sd 0.10 0.27 0.27 0.23 0.18 0.18 0.13 0.19
n 4 4 4 4 3 4 3 4

Appendix 7.4.f. ELISA absorbance values for badgers - 
Xenopin.
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Vaccine
group. 12 14 15

Month.
16 18 19 20

IDV
Mean
sd
n

0.74
1

0.80
1

0.87
1

0.95
1

1.00
1

IDB
Mean
sd
n

0.45
0.19

4
1.16
0.78

4
1.34
1.54

4
1.35
1.43

3
0.86
0.16

3
0.61
0.20

3
0.62
0.13

3
OKV
Mean
sd
n

0.34
0.14

3
0.40
0.05

3
1.03
0.81

2
0.92
0.69

2
0.50

1
0.35

1
0.45

1
OLV
Mean
sd
n

0.34
0.07

4
0.51
0.20

4
0.42
0.08

3
0.37
0.08

3
0.44
0.05

3
0.40
0.18

3
0.33
0.04

3
OKB
Mean
sd
n

0.35
0.12

3
0.46
0.07

3
0.49
0.13

3
0.45
0.07

2
0.50

1
0.40

1
0.50

1
OLB
Mean
sd
n

0.32
0.16

4
0.41
0.16

4
0.55
0.30

4
0.70
0.23

4
0.80
0.67

4
0.44
0.22

4
0.38
0.22

4
CONT
Mean
sd
n

0.41
0.12

4
0.49
0.02

4
0.43
0.13

3
0.58
0.23

3
1.00
0.84

2
0.35
0.07

2
0.45
0.07

2

21

0.08
2

1.41
4

Appendix 7.4.f. contd.
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Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean
sd
n

0.69
0.15

4
1.00
0.24

4
0.70
0.36

3
2.13
0.28

4
1.99
1.26

4
1.31
1.00

3
0.43
0.03

3
0.76
0.13

2
IDB
Mean
sd
n

1.27
0.51

4
1.58
0.52

4
1.43
0.42

4
1.78
0.61

4
1.48
0.88

4
1.93
0.43

4
0.35
0.07

4
0.39
0.15

4
OKV
Mean
sd
n

1.03
0.39

4
1.15
0.75

4
1.19
0.46

4
0.93
0.70

3
1.75
0.56

4
1.53
0.67

4
0.25
0.13

3
0.25
0.11

3
OLV
Mean
sd
n

1.01
0.22

4
1.65
0.39

4
0.75
0.08

4
1.65
0.29

4
1.83
0.51

4
1.53
0.57

4
0.32
0.04

4
0.33
0.07

4
OKB
Mean
sd
n

1.01
0.40

4
1.08
0.39

4
1.08
0.39

4
1.88
0.62

4
1.83
0.26

4
1.51
0.92

4
0.35
0.11

4
0.44
0.30

4
OLB
Mean
sd
n

1.35
0.29

4
1.34
0.52

4
1.08
0.15

4
1.60
0.36

3
1.28
0.96

4
1.70
0.08

4
0.24
0.04

4
0.25
0.11

4
CONT
Mean
sd
n

1.13
0.41

4
1.18
0.13

4
1.17
0.47

4
2.00
0.33

4
2.07
0.31

3
2.08
0.38

4
0.34
0.02

3
0.35
0.08

4
Appendix 7.4.g. ELISA absorbance values for badgers

Vaccin.



Vaccine
group. 12 14 15

Month.
16 18 19 20

IDV
Mean
sd
n

0.36
1

2.40
1

3.20
1

0.64
1

1.00
1

IDB
Mean
sd
n

0.30
0.22

4
1.98
0.66

4
1.98
0.95

4
1.18
0.37

3
0.94
0.10

3
1.03
0.15

3
1.93
1.29

3
OKV
Mean
sd
n

0.15
0.08

3
1.67
0.29

3
1.75
0.21

2
0.95
0.07

2
1.00

1
1.00

1
1.80

1
OLV
Mean
sd
n

0.22
0.08

4
1.53
0.82

4
1.33
0.35

3
0.64
0.32

3
0.70
0.44

3
0.93
0.06

3
2.3
0.9

2
OKB
Mean
sd
n

0.20
0.07

3
1.40
0.72

3
2.27
0.55

3
0.90
0.14

2
1.00

1
0.86

1
2.50

1
OLB
Mean
sd
n

0.16
0.07

4
1.18
0.50

4
1.43
0.68

4
0.96
0.05

4
1.00
0.16

4
1.00
0.00

4
1.93
0.59

4
CONT
Mean
sd
n

0.27
0.12

4
1.43
0.50

4
1.83
0.29

3
0.83
0.21

3
1.00
0.00

3
0.95
0.07

2
1.75
0.64

2

Appendix 7.4.g . contd.

0.71
0.05

2

0.70
1

0.77
0.01

2

0.77
1

0.67
0.04

4

0.68
0.08

2
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Vaccine
group. -1 2 4
IDV
Mean 0.46 0.37 0.52
sd 0.08 0.14 0.18
n 4 4 3
IDB
Mean 0.57 0.64 0.84
sd 0.21 0.32 0.19
n 4 4 4
OKV
Mean 0.55 0.61 0.58
sd 0.24 0.25 0.38
n 4 4 4
OLV
Mean 0.52 0.45 0.44
sd 0.12 0.15 0.22
n 4 4 4
OKB
Mean 0.57 0.70 0.73
sd 0.17 0.24 0.10
n 4 4 4
OLB
Mean 0.45 0.54 0.54
sd 0.08 0.31 0.32
n 4 4 4
CONT
Mean 0.49 0.61 0.73
sd 0.12 0.18 0.20
n 4 4 4

Month.
6 7 8 10 11

0.52 0.68 0.36 0.83 1.70
0.15 0.10 0.04 0.24 0.42

4 4 4 3 2

0.98 0.96 0.65 0.65 1.13
0.17 0.23 0.15 0.20 0.48

4 4 4 4 4

0.50 0.45 0.53 0.55 0.93
0.00 0.04 0.06 0.31 0.36

3 3 3 3 3

0.49 0.68 0.40 0.54 0.84
0.15 0.19 0.13 0.11 0.21

4 4 4 4 4

0.80 0.67 0.48 0.72 1.25
0.09 0.23 0.15 0.29 0.50

4 4 4 4 4

0.44 0.69 0.40 0.50 0.76
0.03 0.41 0.22 0.05 0.35

3 4 4 4 4

0.94 0.82 0.52 0.63 1.10
0.33 0.12 0.14 0.06 0.16

4 3 4 3 4

Appendix 7.4.h. ELISA absorbance values for badgers -
Diemhof erin.
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Vaccine
group. 12 14 15

Month.
16 18 19 20 21

IDV
Mean
sd
n

1.80
1

1.00
1

1.00
1

1.20
1

1.00
1

IDB
Mean
sd
n

1.24
0.66

4
2.20
1.43

4
2.18
2.45

3
3.81
5.36

3
2.07
1.53

3
1.73
0.75

3
0.60
0.17

3
0.90
0.11

2
OKV
Mean
sd
n

0.74
0.21

3
1.57
1.68

3
2.80
3.11

2
2.75
3.18

2
0.65

1
0.90

1
0.35

1
0.77

1
OLV
Mean
sd
n

0.90
0.34

4
1.26
1.16

4
0.71
0.25

3
0.63
0.23

3
0.71
0.26

3
1.20
0.53

3
0.38
0.08

3
0.68
0.25

2
OKB
Mean
sd
n

0.84
0.07

3
0.80
0.34

4
0.80
0.14

2
0.63
0.18

2
0.65

1
1.20

1
0.40

1
0.80

1
OLB
Mean
sd
n

0.67
0.27

4
0.52
0.18

4
0.94
0.43

4
0.78
0.23

4
1.71
2.20

4
1.17
0.56

4
0.35
0.14

4
0.72
0.18

4
CONT
Mean
sd
n

1.20
0.40

4
1.64
1.22

4
2.70
2.07

3
1.30
1.47

3
3.30
2.43

3
0.92
0.12

2
0.80
0.14

2
0.65
0.07

2

Appendix 7.4.h . contd.
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Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean 0.39 0.41 0.41 0.52 0.34 0.31 0.76 0.42
sd 0.09 0.17 0.17 0.20 0.13 0.05 0.41 0.17
n 4 4 4 3 4 4 3 2
IDB
Men 0.46 0.56 0.66 0.80 0.73 0.50 1.00 0.77
sd 0.20 0.30 0.20 0.24 0.26 0.17 0.52 0.49
n 4 4 4 4 4 4 4 4
OKV
Mean 0.50 0.53 0.45 0.47 0.34 0.33 0.67 0.34
sd 0.24 0.24 0.34 0.12 0.03 0.04 0.64 0.22
n 4 4 4 3 3 2 3 2
OLV
Mean 0.39 0.39 0.29 0.36 0.53 0.31 0.60 0.33
sd 0.08 0.21 0.19 0.12 0.19 0.13 0.12 0.03
n 4 4 4 4 4 4 4 4
OKB
Mean 0.45 0.53 0.46 0.50 0.34 0.36 1.08 0.34
sd 0.12 0.14 0.20 0.17 0.11 0.10 0.59 0.14
n 4 4 4 4 4 4 4 4
OLB
Mean 0.37 0.47 0.45 0.37 0.39 0.34 0.61 0.46
sd 0.09 0.35 0.31 0.06 0.14 0.18 0.11 0.23
n 4 4 4 3 4 4 4 4
CONT
Mean 0.39 0.57 0.55 0.61 0.28 0.38 0.52 0.43
sd 0.12 0.26 0.23 0.19 0.11 0.14 0.17 0.13
n 4 4 4 4 2 4 3 4

Appendix 7.4.i. ELISA absorbance values for badgers -
Rhodesin.
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Vaccine Month.
group. 12 14 15 16 18 19 20
IDV
Mean 0.80 0.17 0.15 0.10 0.10
sd
n 1 1 1 1 1
IDB
Men
sd
n

0.61
0.05

4
0.48
0.08

4
0.35
0.24

4
0.33
0.25

3
0.58
0.11

3
0.50
0.10

3
0.50
0.10

3
OKV
Mean
sd
n

0.38
0.24

3
0.33
0.28

3
0.42
0.17

2
0.35
0.21

2
0.20

1
0.20

1
0.70

1
OLV
Mean
sd
n

0.41
0.10

4
0.40
0.22

4
0.33
0.19

3
0.23
0.12

3
0.27
0.12

3
0.44
0.26

3
0.17
0.11

3
OKB
Mean
sd
n

0.47
0.09

3
0.47
0.29

3
0.17
0.23

2
0.40
0.00

2
0.40

1
0.40

1
0.50

1
OLB
Mean
sd
n

0.36
0.10

4
0.33
0.10

4
0.19
0.08

4
0.41
0.21

4
0.48
0.31

4
0.43
0.22

4
0.53
0.15

4
CONT
Mean
sd
n

0.43
0.11

4
0.43
0.26

4
0.36
0.10

3
0.10
0.00

3
0.37
0.30

3
0.37
0.24

2
0.30
0.14

2

Appendix 7.4.i. contd.

0.75
0.21

2

0.36
1

0.39
0.41

2

0.50
1

0.78
0.38

4

0.41
0.06

2
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Vaccine
group. -1 2 4

Month.
6 7 8 10 11

IDV
Mean
sd
n

0.39
0.06

4
0.40
0.14

4
0.75
0.31

3
0.50
0.17

4
0.44
0.11

4
0.33
0.06

4
0.38
0.07

3
1.45
0.21

2
IDB
Mean
sd
n

0.45
0.17

4
0.56
0.22

4
1.15
0.13

4
0.86
0.18

4
0.63
0.15

4
0.54
0.07

4
0.40
0.20

4
0.80
0.17

4
OKV
Mean
sd
n

0.46
0.19

4
0.45
0.12

4
0.62
0.26

4
0.35
0.04

3
0.29
0.02

3
0.34
0.04

3
0.35
0.23

3
0.68
0.46

3
OLV
Mean
sd
n

0.37
0.03

4
0.33
0.22

4
0.43
0.13

4
0.31
0.10

4
0.37
0.08

4
0.25
0.09

4
0.28
0.09

4
0.50
0.22

4
OKB
Mean
sd
n

0.44
0.10

4
0.39
0.15

4
0.69
0.21

4
0.42
0.14

4
0.39
0.17

4
0.31
0.08

4
0.30
0.04

4
0.78
0.42

4
OLB
Mean
sd
n

0.39
0.11

4
0.47
0.30

4
0.76
0.57

4
0.37
0.09

3
0.44
0.31

4
0.32
0.19

4
0.23
0.11

4
0.52
0.29

4
CONT
Mean
sd
n

0.39
0.08

4
0.46
0.20

4
0.78
0.31

4
0.59
0.20

4
0.47
0.13

3
0.31
0.11

4
0.33
0.08

3
0.69
0.27

4

Appendix 7.4.j. ELISA absorbance values for badgers -
Flavescin.



Vaccine
group.
IDV
Mean
sd
n
IDB
Mean
sd
n
OKV
Mean
sd
n
OLV
Mean
sd
n

12

1.30
1

0.98
0.46

4

0.63
0.35

3

0.59
0.24

4

14

0.60
1

0.64
0.27

4

0.38
0.10

3

0.40
0.14

4

15

0.70
1

0.56
0.31

4

0.80
0.71

2

0.34
0.11

3

Month.
16 18 19 20 21

1.30
1

1.73
0.76

3

1.50
0.71

2

1.27
0.47

3

1.30
1

0.79
0.48

3

0.27
1

0.27
0.13

3

1.43 0.67 0.66
0.61 0.29 0.08

3 3 2

0.73 0.30 0.60
1 1 1

0.85 0.33 0.67
0.39 0.06 0.09

3 3 2
OKB
Mean
sd
n

0.65
0.09

3
0.33
0.21

3
0.40
0.11

2
1.65
0.92

2
0.26 0.80 0.32 0.40

1 1 1 1
OLB
Mean
sd
n
CONT
Mean
sd
n

0.63
0.32

93
30
4

0.32
0.12

4

0.43
0.25

4

0.40
0.19

4

0.73
0.23

3

24
54
4

06
22
3

0.54
0.58

4

0.60
0.53

3

0.83 0.36
0.49 0.16

0.70 0.65
0.14 0.07

0.69
0.06

4

0.64
0.05

2

Appendix 7.4.j. contd.
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Vaccine
group. -1

Month.
6 7 8 10

IDV
Mean
sd
n

0.37
0.10

4
0.33
0.09

4
0.33
0.23

3
0.32
0.10

4
0.41
0.04

4
0.23
0.05

4
0.29
0.10

3
IDB
Mean
sd
n

0.37
0.09

4
0.38
0.18

4
0.49
0.09

4
0.59
0.14

4
0.55
0.15

4
0.33
0.08

4
0.29
0.15

4
OKV
Mean
sd
n

0.41
0.16

4
0.40
0.08

4
0.25
0.10

4
0.29
0.08

3
0.24
0.03

3
0.23
0.05

3
0.32
0.13

3
OLV
Mean
sd
n

0.35
0.02

4
0.32
0.09

4
0.27
0.08

4
0.36
0.06

4
0.43
0.09

4
0.21
0.08

4
0.38
0.28

4
OKB
Mean
sd
n

0.36
0.03

4
0.31
0.08

4
0.36
0.08

4
0.43
0.05

4
0.46
0.19

4
0.25
0.04

4
0.20
0.04

4
OLB
Mean
sd
n

0.34
0.03

4
0.32
0.17

4
0.27
0.12

4
0.32
0.10

3
0.44
0.18

4
0.22
0.10

4
0.16
0.04

4
CONT
Mean
sd
n

0.33
0.05

4
0.39
0.14

4
0.40
0.12

4
0.54
0.15

4
0.49
0.07

3
0.26
0.06

4
0.24
0.07

3

Appendix 7.4.k. ELISA absorbance values for badgers -
Neoaurumin.
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Vaccine
group.
IDV
Mean
sd
n
IDB
Mean
sd
n
OKV
Mean
sd
n
OLV
Mean
sd
n
OKB
Mean
sd
n
OLB
Mean
sd
n
CONT
Mean
sd
n

Month.
14 15 16 18 19 20 21

1.00
1

0.52
0.03

4

0.45
0.02

2

0.45
0.05

4

0.46
0.02

3

0.41
0.10

4

0.52
0.14

2

1.00
1

0.54
0.02

2

0.45
1

0.50
0.02

3

0.59
0.14

3

0.50
0.17

4

0.45
0.13

3

1.00
1

0.56
0.00

2

0.56
1

0.55
0.06

3

0.40
1

0.48
0.24

4

0.44
0.07

3

1.00
1

0.73
0.23

3

0.40
1

0.43
0.06

3

0.40
1

0.43
0.12

4

0.42
0.08

3

1.15
0.59

3

0.73
1

0.68
0.22

3

0.66
1

0.60
0.26

4

0.63
0.14

2

0.58
0.20

3

0.40
1

0.34
0.05

3

0.34
1

0.33
0.09

4

0.65
0.07

2

0.82
0.03

2

0.70
1

0.84
0.23

2

0.90
1

0.73
0.06

4

0.70
0.00

2

Appendix 7.4.k . contd.



Vaccine Badger Months after infection.
2 3 4 5 6 7 8

IDV X49
X50

X51

Dead
**
C
U**

Dead

T,U,F Dead

X52 ** ** ** T,F

IDB X31
X33

** ** ** 
*

T,R Dead

X53 ** ** ** T
X55 ** T,R F T

OKV X29
X34

X41

Dead
*
** T,R Dead

X47 ** ** T,R

OLV X39 *
**

* **

X40 *
**

* ** ** **

X43 *
** **

X48 ** T,F T,R T,F Dead

T = Tracheal aspirate, U = Urine, R = Rectal swab (when 
faeces not available), F = Faeces, B = Bite wound, C = 
challenge site, Dead = dead badger, * = urine available and 
** = faeces available (bovine tubercle bacilli not
isolated).

Appendix 7.5. Sites and times of excretion of BTB by
badgers.
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Vaccine Badger Months after infection.
2 3 4 5 6 7 8

OKB X32 ** T,F
X38 ** ** Dead
X42 * t ** T,F

X46 ** F* Dead

OLB X36
X37

**
** ** **

X44 ** **
X45 *

** **

CONT X30 ** **
X35 * ***
X54 ** C
X56 T,F Dead

Appendix 7.5. contd.
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Vaccine Badger Months after infection.
9 10 11 12 13

IDV X49 Dead
X50 Dead
X51 Dead
X52 T,R Dead

IDB X31 Dead
X33 T T,R T,R
X53 T,R,B Dead
X55 T,R,B T,R T T,R#B

OKV X29 Dead
X34 Dead
X41 T,R
X47 Dead

OLV X39
X40 T,R
X43 B
X48 Dead

OKB X32 R
X38 Dead
X42 Dead
X46 Dead

OLB X36
X37
X44 T,R T
X45

Appendix 7.5. contd.
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Vaccine Badger
9

Months after infection. 
10 11 12 13

CONT X30
X35
X54
X56

T,R/ B 
Dead

Dead

Appendix 7.5. contd.



Vaccine group
0

Weeks.
6 12 18

mean 11.77 11.03 10.23 10.15
sd 2.42 2.15 1.45 2.10
n 3 8 7 6
Positive control
mean 9.85 17.45 10.50 11.80
sd 0.35 10.11 1.70 4.38
n 2 2 2 2
Negative control
mean 9.90 11.70 10.20 10.40
sd 2.8 1.4 1.4
n 1 2  2 2

Appendix 8.1. Cattle WBC counts (xl09/l) prior to and up to 
18 weeks post treatment.

Weeks.
0 6 12 18

Vaccine group
mean 7.67 8.14 6.69 6.80
sd 2.44 2.44 1.16 1.43
n 3 8 7 6
Positive control
mean 6.40 12.25 7.10 9.40
sd 0.42 6.3 1.4 3.5
n 2 2 2 2
Negative control
mean 7.50 8.75 7.90 7.85
sd 1.3 1.5 1.3
n 1 2  2 2

Appendix 8.2. Cattle lymphocyte counts (xl09/l) prior to and 
up to 18 weeks post treatment.
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Weeks.

Vaccine group
12

mean 0.58 0.40 0.54
sd 0.23 0.16 0.12
n 3 8 7
Positive control
mean 0.54 0.40 0.46
sd 0.05 0.11 0.08
n 2 2 2
Negative control
mean 0.32 0.33 0.30
sd 0.12 0.08
n 1 2  2

Appendix 8.3. Cattle PMN to lymphocyte ratio (PMN
WBC count - lymphocyte count).
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0.50
0.13
6

0.26
0.01
2

0.33
0.04
2

count =



Seeing Gel Wells Well
Iv o r Smith,1 R u t h  C romie, a n d  K a r e n Stainsby

School of Pathology, The Middlesex Hospital Medical School, Ridinghouse Street, 
London W1P 7PN, United Kingdom

Received June 29, 1987 t

Indicator dyes have been incorporated in the stacking gel monomer used in acrylamide gels to 
render readily visible and delineate the sample wells. Some dyes, such as bromphenol blue, 
migrate during the electrophoresis, whereas others, such as the ortho-unsubstituted phenol red, 
become chemically bound to the polymerized gel. The method can be used for agarose gels.
© 1988 Academic Press, Inc.

Key Words: gel electrophoresis; indicators; gel dyeing.

Many workers find difficulty in applying 
sample to gel wells as both the wells and the 
stacker gel are of similar density and almost 
invisible to those without 20/20 vision. 
Among the apparatus manufacturers, Hoefer 
has recognized the problem and supply a 
plastic mask with their “mighty small” appa
ratus in which the wells are outlined.

Bromphenol blue (BPB),2 added to the 
sample, has been used as a front marker since 
the earliest days of paper electrophoresis. In 
gel electrophoresis, the experiment is 
stopped when the small-molecuiar-weight 
dye reaches the bottom edge of the gel. M i
crobiologists, who incubate their samples in 
media containing phenol red (PR), have 
noted (private communications) that the red 
dye is an equally useful marker but migrates 
slightly faster than the BPB.

It occurred to us that if one or the other of 
these dyes was incorporated into the stacking 
gel buffer then the clear wells would be out
lined by the dark blue or purple indicator 
held in the polymerized gel. We have sepa
rately incorporated either BPB or PR into 
the buffer at a concentration of 4 mg/ml giv
ing a final concentration of 1 mg/ml in the 
stacking gel monomer mixture (see Fig. 1).

1 To whom all correspondence should be addressed.
2 Abbreviations used: BPB, bromphenol blue; PR, 

phenol red.

The BPB clearly outlines the wells with a 
dark blue border. The PR at the buffer pH of 
6.8 first appears as a light yellowy pink or 
purple color which changes rapidly to a 
darker purple from the interface upward 
during the course of the polymerization reac
tion. This indicates that buffer salt diffusion 
is occurring rapidly and that this should be 
taken into account by those examining the 
theory of discontinuous electrophoresis. 
Coomassie blue may also be used.

We then carried out electrophoresis in the 
usual way on both the Hoefer “ mighty 
small” and standard 15-cm-long gels. In all 
cases the BPB rapidly closed up to a thin line 
at the stacker-running gel interface and then 
moved as a sharp band just as it normally 
does when added to the sample. Runs were 
stopped when the dye reached the far end of 
the gels. Protein separations obtained were 
identical to those where no BPB was added 
to the stacker but incorporated only into the 
sample in the usual way.

However, on electrophoresis of the PR 
gels, the whole stacker gel remained purple 
and only the “excess” PR migrated when 
high concentrations were used. Results were 
again identical with the above. Gels were also 
blotted but the PR remained bound to the 
stacking gel (see Fig. 2) although, of course, 
BPB does migrate from the gel. Clearly the 
explanation for the binding of PR to the gel

0003-2697/88 $3.00
Copyright © 1988 by Academic Press, Inc.
All rights of reproduction in any form reserved.
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F ig . 1. Comparison o f stacking gels prepared in the normal manner w ithout (left) and with (right) 
phenol red indicator dye. The phenol red gel retains its appearance identically after electrophoresis 
showing that it is chemically bound into the gel polymer. Gels prepared w ith bromphenol blue look darker 
than the phenol red gels but, after electrophoresis, no residual dye remains, thus showing that it  is not 
bound and so migrates right out o f the gel. Note that the left gel wells appear partly visible due to 
shadowing during the photography.

and the nonbinding of BPB must be found in 
their respective chemical structures. PR is a 
simple, o rtho-unsubstitu ted  phenolic dye 
which m ust actively polym erize into the 
polyacrylamide gel structure, whereas BPB, 
which is an ortho-tetrabrom o-substitu ted  
PR, is unable to participate in the polymer
ization because the large bromine atoms ef
fectively obstruct the reaction. Similar results

F ig . 2. Nitrocellulose blots o f proteins separated by gel 
electrophoresis. The left pair separated on gels w ithout 
PR and right pair on gels w ith PR, showing that the PR 
method yields identical separations.

were obtained with a num ber of other ortho
unsubstituted phenolic indicators, most of 
which retained their indicating properties al
beit, unfortunately, with a slower reaction 
time due to the necessary time for diffusion. 
Parenthetically, it might be noted that this 
may well prove to be a useful method for 
insolubilizing o ther o rtho-unsubstitu ted  
phenols such as tyrosyl peptides, etc., while 
possibly retaining some of their chemical and 
biological properties.

Our work has been on the microbiological 
uptake of labeled methionine, thio-ATP, and 
other com pounds, and we have routinely 
electrophoresed the resultant proteins, phos- 
phoproteins, and macromolecules under the 
above dyed gel conditions. We now routinely 
use this method for enhancing the visualiza
tion o f wells and either dye can be used 
equally satisfactorily. We have also used both 
dyes in admixture with identical results. The 
BPB is preferred for fron t m arking as it 
travels slightly slower than PR, which can be 
allowed to run off the gel, but PR is valuable 
if one wishes to retain a visible marker for the 
in terface or origin o f the separating gel. 
Clearly the same general method of visualiz
ing wells could be used for work with other 
gels such as agarose and nucleic acids and in 
other fields.
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ANTIBODIES TO MYCOBACTERIA IN HEALTHY AND TUBERCULOUS 
BADGERS FROM TWO ENGLISH COUNTIES

Karen Stalnsby, K. H. Mahmood* and J. L. Stanford

Department o f Medical Microbiology, School o f Feihology, University College and Middlesex School o f Medicine,
Hiding House Street, London W1P 7LD

Summary

Sera obtained from 2 groups of badgers removed in bovine tuberculosis control 
operations have been examined for antibodies to 11 species of mycobacteria. From 
animals without post mortem evidence of tuberculosis, levels of antibodies to 
mycobacteria were found to increase with age, and different patterns of antibodies 
were found in animals coming from 2 different places. Some animals (5 out of 60) 
without evidence of progressive infection had antibodies suggesting contact with 
tubercle bacilli.

Animals found to have tuberculosis at post mortem had increased levels of 
antibody to common mycobacterial antigen, as do humans with that disease. Only 2 
of the 12 tuberculous animals had markedly more antibody binding to Tuberculin 
than to the other reagents. There was no evidence of greater specificity of antibody 
binding than was shown by sera of healthy badgers.

The suggestion is made that contact with environmental mycobacteria might be a 
major factor determining distribution of tuberculosis amongst badgers.

R6sum6

Le serum obtenu de 2 groupes de blaireaux captures lors d'op^ration de lutte contre 
la tuberculose bovine a ete examine afin d'etudier la presence d'anticorps vis-d-vis 
de 11 espdces de mycobacteries. Parmi les animaux chez lesquels n'existait aucune 
preuve post mortem de tuberculose, les anticorps vis-d-vis des mycobacteries 
augmentaient avec l'£ge et les profils des anticorps etaient difterents parmi les 
animaux provenant de deux endroits diff^rents. Quelques animaux (5 sur 60) chez 
lesquels n'existait pas d'6vidence d'infection progressive, poss6daient des 
anticorps qui sugg^raient un contact avec le bacille tuberculeux.

Parmi les animaux chez lesquels une tuberculose a ete mise en Evidence & 
I'examen post mortem, les niveaux d'anticorps etaient au g m en ts  vis-d-vis des 
antigenes communp aux mycobacteries, tel qu'on I'observe chez les humains 
pr6sentant cette maladie. Deux seulement sur les 12 animaux tuberculeux 
possddaient beaucoup plus d'anticorps se liant d la tuberculine qu'aux autres 
r6actifs. II n'y avait pas de preuve d'une specificity plus Importante dans la liaison 
des anticorps, par rapport e ce que I'on a observe avec le serum des blaireaux sains.

Ces resultats suggerent que le contact avec les mycobact6ries de I'environnement 
pourrait bien constituer un facteur important dans la determination de la repartition 
de la tuberculose parmi les blaireaux.

‘ Present address: D epartm ent of A n im al Production, College of Agriculture, U niversity  of Basrah, Basrah, Iraq. |
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Besumen

Se obtuvo suero de 2 grupos de tejones capturados durante operaciones de control 
de la tuberculosis bovina, con el fin de estudiar la presencia de anticuerpos a 11 
especies de micobacterias. En los animales en los cuales no habfa evidencias de 
tuberculosis en el examen post mortem, los anticuerpos a las micobacterias 
aumentaban con la edad y los patrones de anticuerpos eran diferentes en los 
animales provenientes de 2 lugares distintos. En aigunos animales (5 de 60) en loi 
cuales no jhabla evidencia de infeccidn progresiva posefan anticuerpos que 
sugerfan un contacto con el bacilo tuberculoso.

Los animales en los cuales se puso en evidencia una tuberculosis en el examen 
post mortem  tenlan niveles aumentados de anticuerps a los antfgenos comunes a 
las micobacterias, tal como se observa en los humanos que presentan esta 
enfermedad. S6lo 2 de los 12 animales tuberculosos tenlan mucho mbs anticuerpos 
que se ligan a la tuberculina que a los otros reactivos. No habila evidencia de una 
mayor especificidad de la ligazbn de los anticuerpos en comparacidn a lo 
observado en el suero de los animales sanos.

Estos resultados sugieren que el contacto con las micobacterias ambientales 
puede constituir un factor importante en la determinacibn de la distribucibn de la 
tuberculosis en los tejones.

Introduction

The natural occurrence of infection with bovine tubercle bacilli in badgers continues to be a 
potential risk for cattle in several areas of Britain. The disease has only become apparent 
since the remarkable increase in the number of badgers which has taken place in the last 40 
years. In some areas the badger has become a very common animal, though rarely seen. 
The prevalence of tuberculosis amongst them is probably associated with both their 
increased numbers and their sociable behaviour. However, the disease is not evenly 
distributed, and in some places where badgers are common tuberculosis is not known to 
occur (1J.

The discovery that badgers have relatively normally functioning cell mediated immunity 
(2J, and that even in the worst affected areas only between 10 and 30 % of exposed animals 
develop disease [3,4], leads directly to the conclusion that many badgers have immunity to 
infection [2]. This immunity must be subject to the influences of contact with environmental 
mycobacteria, and to enhancement by vaccination. The possibility exists that the uneven 
distribution of tuberculosis amongst badgers is itself due to variable environmental 
influences on protection from, or susceptibility to, the disease (5).

Badger antibodies have been studied for their binding to the antigens of tubercle bacilli, 
especially in attempts to develop a serological diagnostic test for tuberculosis (6J. However, 
scant attention has been paid to the production of antibodies to environmental mycobacteria. 
In this study all the sera available from the animals captured in the Ministry of Agriculture, 
Fisheries and Food (MAFF) badger clearance operations carried out according to the 
provisions of the Zuckerman Report j7J at Folkington in East Sussex and Ipstones in 
Staffordshire have been examined for antibodies to 11 species of mycobacteria.

Materials and methods
In the badger clearance operation carried out by MAFF at Folkington, Sussex, 47 badgers (13 
cubs and 34 adults) were removed, killed and subjected to post mortem  examination |3, 8J.
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Blood samples were taken during terminal anaesthesia, and all of them were made available 
to us. Of these samples, ten came from animals found to have tuberculosis (two cubs and 
eight adults) confirmed by bacteriological culture of organs, and 37 came from animals in 
which tuberculosis could not be found. Similarly in the Ipstones badger clearance operation, 
45 badgers (13 cubs and 32 adults) were removed (3, 5]. Of the 25 serum samples supplied 
to us, two were from adults with tuberculosis, and 23 were from non-tuberculous animals 
(seven cubs and 16 adults). ^

An antiserum to badger immunoglobulin (Ig) was prepared in rabbits and conjugated with 
horseradish peroxidase (2J.

The antigens used were filtered sonicate preparations of the 11 mycobacterial species 
listed in Table I. Organisms were grown on Sauton's medium solidified with 1.5 % agar, and 
harvested with a spatula after good growth had been obtained. The organisms were 
suspended in M/15 borate buffered saline (pH 8.0) and submitted to ultrasonication. After 
filtration to a pore size of 0.2 pm, the protein concentration was determined spectrophoto- 
metrically by the method of Warberg and Christian (91. Reagents were diluted to 1 mg/ml In 
borate buffer, and stored at +4 °C until required. For use, reagents were diluted to, 10 pg/ml 
with M/20 sodium carbonate coating buffer (pH 9.6), and sufficient microtitre trays were 
coated for the entire study. Before use, trays were stored at -20 °C. After preliminary 
experiments to determine optimum conditions (2], badger sera were used at a dilution of 
1/200, and binding was allowed to progress for two hours at room temperature. The 
peroxidase conjugated rabbit anti-badger Ig was used at a dilution of 1/800. The conjugate 
was applied to plates overnight at +4 °C, and the colour reagent used was ABTS (2,2-azino- 
di-[3-ethylJ benzthiazoline sulphonic acid). Between each reagent application thorough 
washing with a buffer containing Tween 20 was carried out three times. Reactions were 
read, after the addition of sodium fluoride as a stopping solution, in an automatic ELISA 
reader with the wavelength set at 650 nm.

Each serum was tested in duplicate against each antigenic reagent, and the results were 
taken as mean absorbance values minus the absorbance in wells uncoated with antigens. 
The results are shown as whole numbers, i.e. mean absorbance values to two decimal 
places times 100. r

Statistical analysis was by Student's t test.

Results
The results obtained for the healthy cubs and adults from both are as are shown in Table I. 
Within each area the adults have more antibody than do the cubs against each of the 
antigenic preparations, and these differences are statistically significant in most cases.

There are significant differences in the antibody levels to five of the reagents between 
adult badgers from the two regions. Antibody to Gordonin is most in the Staffordshire 
animals, and the Sussex badgers possess the most antibody to Kansaiin, Aviumin A, 
Xenopin and Diernhoferin. The adults from Staffordshire have no more antibody to 
Aviumin A and Diernhoferin than do the cubs in Sussex. j

The effects of tuberculosis on levels of antibody to mycobacteria are £(hown in Table II. It. 
can be seen that presence of the disease increases antibody levels in mofct cases, and in the 
groups where there are sufficient numbers (Sussex adults) this reaches statistical 
significance for each reagent except Neoaurumin. Individuals with high levels of antibody 
binding to Tuberculin also have.levels binding to the other reagents (data not shown).
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Figure. D iagram  show ing the antibody levels to Tuberculin of the individual healthy and tuberculous badgers as 
absorbance values. The values for adult badgers are shown as circles, and for cubs they are shown as squares.

Discussion

As expected, our results clearly show that badgers produce antibodies to mycobacteria that j 
they meet, both pathogenic and harmless. Since we do not have antibodies to the different j 
classes of badger immunoglobulin, we cannot tell whether those binding to mycobacteria 
are all of the same class. The increased levels of antibody found with increasing age reflect 
both maturing immunity and greater experience of the environment.

Results for the healthy animals indicate that two species Mycobacterium neoaurum and 
M. flavescens may be absent, or rarely encountered, in both regions. Four species, M. 
chitae, M. diernhoferi, M. avium and M. xenopi, are most frequently encountered around 
Folkington than around Ipstones, and one species, M. gordonae, [appears to be more 
freqpent around Ipstones than around Folkington (see Table I).
* Antibody binding to Tuberculin was equally present in both regions, and much of it is 

likely to be to epitopes also present on environmental mycobacteria. However, four adults 
(two from each area) and one cub (from Ipstones) had antibody levels to Tuberculin more 
than 40% above their mean antibody level to the other reagents. This strongly suggests that 
they had contacted tuberculosis, even though no signs of disease were detected at post 

) mortem examination, and no bacilli were grown in culture from their tissues (see Figure). In 
previous studies J3j in vitro proliferation of lymphocytes in the presence of whole BCG 
(Glaxo) showed that some of the healthy badgers had cellular immune mechanisms against 
tubercle bacilli.

Antibody responses in the tuberculous animals are raised to all mycobacterial species 
except Neoaururnin, and no more so to Tuberculin than to the other reagents, showing that 
much of their antibody is to shared mycobacterial antigens (see Table II). This concurs with 
data recently reported from Kuwait on antibodies present in human patients with 
pulmonary tuberculosis.
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Individually the tuberculous animals were very variable in the amount of antibodies they 
possessed, illustrating the immunological spectrum previously suggested for the animal (3). j 
The small differences between the diseased and healthy animals in Staffordshire could 
easily have occurred by chance. There was a large overlap between healthy and tuberculous t 
animals, and none of the reagents could distinguish at all clearly between them. In only two 
of the sera from the 12 tuberculous badgers was the antibody level to Tuberculin 40 % or 
more above the mean value for antibody to the other reagents. |

Our results show that badgers coming from different places have antibodies reflecting j 
their differing Experiences of mycobacteria. The question has to be asked whether these ; 
antibodies relate to the unequal distribution of tuberculosis between different badger 
communities. Although it is against the dogma of mycobacteriology to attribute any aspect | 
of immunity from tuberculosis to antibodies, this is almost certainly wrong. The work of 
Lyons and Naafs [10] showed that human beings living in parts of Zimbabwe with different 
distributions of types of leprosy have different patterns of antibodies to environmental 
mycobacterial species. These authors considered their findings to be associated, aithough it 
is quite possible that the antibodies reflected cell mediated immune differences that were 
truly responsible for the different disease presentations. Whichever is the case, the 
comparative ease with which serological investigations could be carried out to determine 
the immunological basis for disease distribution in the badger, encourages further study.

If the immunological ^tatus of badgers in communities immune to tuberculosis were 
known, we should be in a better position to enhance immunity to disease in tuberculosis- 
susceptible communities. Perhaps if more time and effort were devoted to elucidating such 
aspects of badger immunity real progress might be made in a problem which projects into 
the indefinite future.
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