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Appendix II 

Abstracts from a Report of a WHO/FAO/OIE Consultancy on Animal 
Tuberculosis Vaccines held in Geneva in August, 1994 

Source: WHO/CDSNPH/94.138. World Health Organisation, Veterinary 
Public Health Unit, Geneva 

Conclusions and Recommendations 

Animal tuberculosis caused by M bovis 
(BTB) remains of world-wide concern, 
with zoonotic implications in developing 
countries and significant economic impact 
on animal health costs in both developing 
and developed countries. Vaccination 
against M bovis is considered to be a 
feasible strategy m two principal 
situations: 

i) control of infections in domestic 
animals in developing countries, in 
which BTB represents a public health 
hazard, and 

ii) control of infection in wildlife and 
feral maintenance hosts (i.e. those 
animal species in which M bovis 
infection is maintained from 
generation to generation without the 
intervention of a second host) in 
developed countries, where 
expensive test and slaughter 
programmes are commonly 
mandatory. 

This means that a wide variety of host 
species and delivery system::. must be 
considered. It is recognised that at present 
the use of available vaccine in domestic 

species will compromise current diagnostic 
tests. 

The primary objective of vaccination is to 
reduce the transmission of infection and 
the level of disease in the target species. 

However, when considering the use of 
vaccine in a wildlife species, economic 
benefits will be judged by the ultimate 
effect on other species such as cattle. In 
these circumstances, it is not essential that 
the vaccinated species be protected at the 
level of the individual animal. This will 
have implications for the evaluation of any 
candidate vaccine for use in wildlife and in 
the design of any such trials. 

Medium term (six years) potential 
for vaccme development and 
application 

Within the medium-term constraints of a 
six-year period for the development of a 
vaccine which could be available for field 
use, only three vaccine types should be 
considered: BCG vaccine, crude subunit 
vaccine such as short time-culture fi ltrate 
(ST-CF), Rnd environmental mycobacteria. 



1. Target species, vaccine type 
and administration factors 
influencing success 

The target species for vaccination are 
domestic ruminants (primarily cattle, deer, 
goats and buffalo) in countr;es or areas 
which do not carry out test and slaughter 
control policies and do not trade 
internationally in animals and their 
products, and wildlife maintenance hosts 
for M bovis in developed countries, 
notably the possum and the badger. Zoo 
animals (e.g. in zoological collections and 
wildlife parks) may also be considered. 

BCG Pasteur strain has so far been used in 
vaccine studies and is considered to be the 
candidate strain of choice for domestic 
ruminants and zoo animals. BCG Pasteur 
strain should be adopted initially as a 
standard strain for use in vaccination trials. 
ST-CF derived from Mbovis should be 
produced and tested. M. bovis strain AN 5 
should be adopted for use in the production 
of Mbovis ST-CF. Environmental 
mycobacteria are considered of lowest 
priority at this stage. For wildlife species, 
BCG is the favoured option. 

Injectable, single dose subcutaneous 
vaccine can be used for domestic and zoo 
animals. Consideration should also be 
given to delivery by intra-nasal aerosol, as 
this may provide a better level of 
immunity, especially to lung infection. In 
wildlife species delivery by bait is most 
feasible, although an aerosol delivery 
system may be a possible alternative. 
Inoculation may also be considered in 
specific circumstances. 

Numerous factors will influence the 
effectiveness of vaccine in the field. These 
include innate resistance of target species, 
concomitant infections including 
environmental mycobacteria, nutritional 
and di sease status of target species, age of 
target species, pregnancy and seasonal 

variation in disease prevalence. These 
factors need to be taken into account in the 
design of any field trial. 

2. Vaccination trials 
Current research on BCG as a vaccine in 
cattle and deer is sufficiently advanced to 
suggest that vaccine evaluation trials in 
these species should be conducted in the 
near future. With regard to vaccination of 
cattle in developing countries, there may 
be considerable difficulty in carrying out 
any rigorous field trial evaluation. 
Appropriate locations for field trials must 
be identified as soon as possible, while 
laboratory research on vaccines continues. 
Preliminary small scale controlled trials 
may be required before a large scale study 
is undertaken. 

3. Challenge study 
A standard protocol for "challenge studies" 
should be developed. A general strategy 
for the development of a vaccine against 
M bovis in animals must include studies in 
the following areas: 

i) Dose of inoculurn and route of 
administration. 

For BCG it is suggested that between 
10

4 
and 1 0 7 cfu be used for 

subcutaneous and intranasal 
inoculation. For an oral vaccine the 
appropriate dose must be 
established. 

For ST-CF the appropriate dose will 
have to be determined for each target 
species. 

Subcutaneous and intranasal 
administration are considered worthy 
of investigation for use in domestic 
and zoo animals. Oral delivery 
should be investigated for use in 
wildlife species. Studies on bait 
uptake. specificity and avoidance arc 
required. The stabi lity of BCG in 



baits and under conditions of field 
application, and the potential for 
.nicro-encapsulation to ensure 
effective delivery should be 
investigated. 

ii) Challenge design 
A challenge design should be 
develope!d and incorporate the 
following criteria: 

challenge should be via the 
respiratory route using the 
minimum dose required to achieve 
50-80% infection in the non
vaccinated control population, 

preliminary vaccine evaluation 
should be carried out in animals of 
approximately 6-12 months of age. 

an absolute minimum of 8 weeks 
between vaccination and challenge, 
and a minimum of 5 months 
(domestic species) between 
challenge and evaluation should be 
;espected, 

each study should have enough 
animals to provide sufficient 
statistical power to detect a 
significant effect, 

the effect of animal age on vaccine 
efficacy and the duration of the 
protective effect should be 
evaluated, 

a captive population for 
experimental challenge with 
virulent M bovis should be 
established for the wildlife target 
species. 

Challenge with virulent M bovis is the way 
to assess the efficacy of a tuberculosis 

vaccine. The effect of the challenge may 
be assessed by evaluating and comparing 
humoral and cellular immune responses, 
pathology and shedding of M bovis 
between vaccinated and non-vaccinated 
animals. Research on the immune 
responses in the target species will be 
required to develop techniques to assess 
the effect of vaccination on the target 
species. 

There may be differences in the virulence 
of M bovis strains which may affect the 
apparent efficacy of a vaccine. 
Investigation of field isolates of M bovis 
from different host species and different 
geographical locations for variation in 
virulence is required before definitive 
standardisation of the challenge strain can 
be achieved. 

4. Vaccine development and 
evaluation 

It is necessary in order to develop an ST
CF vaccine, to establish and optimise the 
production of M bovis ST-CF. 

It is recognised that the development and 
identification of an appropriate adjuvant 
for use with ST-CF in each species is 
required. The parallel development of a M 
tuberculosis ST-CF-based vaccine should 
be monitored and appropriate technologies 
transferred for use in a ST-CF-based 
vaccine against M bovis. 

The effect of the vaccine in infected and 
diseased animals as well as the potential 
for exposure of domestic animals to 
vaccines intended for use in wildlife 
species should be studied. Once this work 
has been completed, field studies in 
wildlife should be conducted as discussed 
under Field Applications below. 



Long-term (fifteen years) potential 
for vaccine development and 
a pp Ii ca ti on. 

1. General considerations 
A long-term vaccine strategy entails the 
rational development of highly protective 
vaccines which are safe under a wide range 
of field conditions. Such work could 
potentially be of major importance and 
relevance to the development of new 
vaccines for use in humans. Additionally, 
the knowledge gained in studies on the 
development of animal tuberculosis 
vaccines would allow the development of 
animal models for human tuberculosis 
studies. 

The development of improved tllberculosis 
vaccine(s) depends on the establishment of 
appropriate tools and models. Currently 
there are major gaps in the fundamental 
biological understanding of animal 
tuberculosis. It is anticipated that work 
over the next six years should fully 
evaluate the efficacy of BCG in a variety 
of animal populations. Any newly 
developed vaccine should be demonstrably 
better than BCG. 

There are a number of potential approaches 
for vaccine development. The optimal 
ultimate approach will be based on the 
results of shorter term research on the 
protective efficacy of existing vaccines in 
the relevant target animal populations 
together with the concomitant evaluation 
of alternate strategic approaches for the 
development of new vaccines. 

There is a need to undertake basic research 
in the assessment of the protective immune 
responses in the target animal species. 

Immunologically relevant antigens should 
be identified. The goal will be a 
combination of antigens which hold 

epitopes recognised by all individuals in a 
genetically heterogeneous population. 

Antigenic epitopes could be delivered in 
new attenuated vaccines or in an optimised 
vehicle, e.g. as an adjuvant-based subunit 
vaccine, a live recombinant vaccine or as 
nucleic acid. New carriers for the selected 
antigenic epitopes should be developed. It 
is expected that new methods of vaccine 
delivery will be developed in the next 15 
years. 

It is recognised that there are areas of 
mutu~l interest between research groups 
working on M bovis and other 
mycobacterial pathogens. It is 
recommended that research groups share 
information and reagents and establish 
standardised assay systems so that 
meaningful comparisons can be made 
between their find ings. An appropriate 
structure for the implementation of this 
exchange should be established 
immediately. 

Discriminating tests will be required if new 
vaccines are not compatible with existing 
tests. 

2. Plans of work 
In the longer term, fundamental research is 
necessary in at least three major areas: the 
pathobiology of M bovis in domestic and 
wildlife species; the nature of the immune 
response in the target host species; and the 
constructi 1n of appropriate vaccines and 
the development of diagnostic tests 
compatible with the use of these vaccines. 

i) The pathobiology of M bovis 
Dominant protective antigens which 
may be important as vaccine 
candidate molecules should be 
identified and characterised. This 
will invo lve the determination of 
antigen recognition patterns 



detectable by T-cell responses, for 
each target species. 
Components of M bovis which play 
a key role in immunopathology or 
protection and which can be altered 
to attenuate M bovis or used to 
improve the immunogenicity of BCG 
should be identified. Such 
components include virulence 
factors , adherence factors, metabolic 
pathways, etc. 

The progressive elucidation of the 
genome sequence of M bovis, 
together with the development of 
tools for genetic manipulation, 
should allow the rational 
construction of more effective 
vaccmes. 

ii) The nature of the host immune 
response in the target host 
species 

For target animal species, the 
basic parameters of the immune 
responses including delayed-type 
hyper-sensitivity, cellular immunity, 
immune memory, immunoregulation, 
cytokine profiles and anti
mycobacterial killing mechanisms 
should be established, in order to 
develop assays of protective 
immunity. 

Species-specific reagents, such as 
monoclonal antibodies directed 
against phenotypic markers and 
cytokines, should be generated. 

For the wildlife target populations 
the role of stress in the development 
of protective immunity needs to be 
established. 

iii) The development of vaccines 
and discrimhating diagnostic 
tests 

There are already three fundamental 
approaches which are being 
explored: the improvement of the 
existing BCG vaccine, the 
development of subunit vaccines, and 
the rational attenuation of wild type 
M bovis. The first two approaches 
require the identification and 
selection of protective epitopes. 
Other approaches should emerge 
from basic research. 

Subunit vaccines will require the 
development of suitable adjuvant and 
presenting vehicles. 

For each vaccine candidate, 
information is required with 
reference to the most suitable dose, 
route and earner to provide 
protection m different animal 
species. 

Standardised laboratory models of 
protection should be developed and 
assessed for their predictive 
relevance to field conditions. 
Careful attention should be paid 
during the planning stages of such 
protection tests to assure the 
statistical validity of the study 
design. 

The genetic factors which influence 
both innate and acquired immunity in 
various host species should be 
investigated more fully. 

Future vaccmes and tests should 
allow discrimination between 
infected and disease-free animals in 
both vaccinated and non-vaccinated 
populations. 

The basic research on vaccines 
should be complemented by 
development of computer models 
capable of evaluating the potential 



efficacy of new vaccines for field 
control, as a prelude to full scale 
field testing. 

Field applications 

1. General considerations 
The approach to be adopted for the field 
application of vaccines against 
tuberculosis, and specifically against M 
bovis infection must recognise the 
human/animal health benefits that can 
accrue from a successful animal 
vaccination programme. 

It is considered technically feasible to 
vaccinate the possum, badger and deer 
populations in selected areas of countries 
where these species are involved in the 
persistence of M bovis infection in farmed 
animal populations. A reduction, through 
the application of this technique, in the 
dissemination of M bovis from these 
wildlife species may lead to a reduction in 
tuberculosis prevalence in the farmed 
animal population. 

The use of such vaccines must take 
account of the efficacy and safety of the 
vaccinal preparation, of its mode of 
delivery in respect of the exposed human 
and animal populations, and of the 
protection of the environment. 
Accordingly, the mode of delivery of the 
vaccine and vaccinal components must 
conform with national and international 
guidelines regarding the use and release 
into the environment of biological 
materials, including genetically modified 
organisms. Specifically, consideration of 
the risk and safety aspects of the 
mycobacterial vaccine should ensure that: 

the vaccinal strain does not acquire 
virulence, or revert to virulence in 
the course of use; 

the product is not oncogenic in the 
vaccinated individual; 

the product is safe and efficacious 
in target species, and safe m 
important non-target species; 

the possible excretion of the 
vaccinal agent is demonstrated not 
to be hazardous; and 

the use of BCG-based vaccinal 
products takes account of WHO 
recommendations for the use of 
BCG in humans. 

At present the absence of a means of 
discriminating between infected vaccinates 
and non-vaccinates is an impediment to the 
development and use of vaccination, 
particularly in animals kept for farming 
purposes in developed countries. Vaccine 
use in these species will necessitate the 
prior development of discriminating 
diagnostic tests and/or the modification of 
vaccine components. 

The development of a transmissible 
vaccine is regarded as a long-term 
possibility for wildlife tuberculosis control, 
but is likely to be subject to a wide range 
of difficulties, notably species specificity. 

2. Vaccination with respect to 
international trade in animals 

At present, international trade is facilitated 
by certification based on the OIE 
International Animal Health Code and 
directives of regional groupings of 
countries (e.g. the European Union). 
These require the use of existing tuberculin 
tests and, therefore, vaccination of animals 
could potentially block entry of such 
animals and their products into 
international trade. Before novel vaccines 
are available or current vaccines can be 
used, there is a need to adapt the current 



codes and directives to ensure that the use 
of safe vaccines is not prevented. 
3. Vaccine application and target 

species 
Candidate animals for vaccination fall into 
three categories: animals kept for farming 
purposes, zoo animals, and wildlife species 
in their natural habitats. 

i) Animals kept for farming 
purposes 

In countries where there is no 
programme for the elimination of 
tuberculosis based on test and 
slaughter and where exports of 
animals and their products is not a 
major consideration, BCG vaccines 
should be considered for use in 
animals in areas or regions in which 
M bovis infection constitutes a direct 
hazard for the human population. 
This approach may be adopted, in 
accordance with specific national 
needs, to protect production animals 
such as dairy cows. The use of 
vaccine would be particularly 
appropriate for animals kept for 
subsistence purposes. In these cases, 
all recognises routes of delivery (e.g. 
aerosol delivery and various modes 
of inoculation) may be considered, 
as appropriate. 

ii) Zoo animals 
The use of mycobacterial vaccines 
may be considered as part of current 
strategic disease control programmes 
in these populations. Options 
regarding vaccine formulation and 
mode of use and delivery need to be 
determined on a species-by-species 
basis. 

iii) Wildlife species in their natural 
habitats 

The wildlife maintenance hosts of M 
bovis include the possum, badger and 
deer. Other species, such as the 

buffalo, bison and wildebeest, may 
also fall into this category. 
At the present time the possum, 
badger and deer are identifiable as 
primary targets for vaccination. The 
requirement is to eliminate or reduce 
the excretion of M bovis by the 
infected animal. A major but 
particularly difficult objective of 
such programme is the vaccination 
of young animals, notably the young 
possum and badger cub. Pseudo
ve11ical transmission of M bovis is 
important in both possums and 
badgers and is acknowledged as a 
major obstacle to the successful 
protection of young animals by 
vaccination. 

While all available delivery systems 
are of potential use, vaccine delivery 
by more than one route may prove to 
be the most effective option. 
Inoculation may be useful in specific 
situations in the case of the badger 
and deer. However, the oral route is 
regarded as being the most practical 
option for wildlife. Oral delivery 
of a micro-encapsulated vaccine 
capable of producing immunising 
aerosols, or direct aerosol delivery of 
such a vaccine, is an attractive 
option. Aerosol delivery of vaccine 
will require the development of 
delivery systems for wildlife, but 
could potentially be developed into a 
practical vaccination method which 
circumvents the problem of bait 
avoidance and may, therefore, 
apparently increase efficacy. 

It is considered likely that findings related 
to field vaccine application in the possum 
may be relevant to studies on the other 
species, notably the badger. Hence 
possums could provide a suitable test 
species for candidate wildlife vaccines. 



However, the limitations of extrapolation 
between the species must be borne in mind. 

4. Plan of work 
The efficacy of a vaccination programme 
in farmed animals, using BCG vaccine in 
those countries in which there is an 
existing public health hazard and in which 
there are no other impediments to such an 
approach being implemented, should be 
assessed without delay. 

With regard to the vaccination of wildlife 
maintenance hosts, those countries in 
which disease in such animal populations 
represents an impediment to elimination of 
tuberculosis should undertake medium and 
long-term studies to incorporate 
vaccination in an integrated optimal 
disease control strategy applicable at the 
national or regional level. 

Epidemiological studies of wildlife 
maintenance hosts, in particular the 
possum, badger and deer, should be 
continued and extended. Appropriate 
simulation models for the development of 
control strategies should be developed. 
BCG and other vaccine candidates should 
be evaluated in maintenance hosts as they 
become available. 

Specific research should be conducted at 
the national level, under the aegis of an 
international body/bodies on the following 
aspects: 

development of safe marker 
systems, for incorporation m 
vaccine preparations; 

development of m1cro-
encapsulation techniques for 
vaccine delivery by the oral and 
aerosol routes; 

incorporation 
encapsulated 
baits; 

of m1cro-
preparations into 

development of delivery systems 
which ensure selective uptake by 
target species and effective delivery 
of the vaccinal component of the 
preparation; 

development of target species
specific attractants and repellents. 

A collaborative approach to the 
development and implementation of 
vaccination programmes for wild/feral 
animals, farm animals and other animal 
species, should be adopted. A co-ordinated 
programme of research on these topics 
should be initiated and supported 
financially at both the national and 
international level. A collaborative 
network of individuals and agencies 
concerned with vaccine development and 
field application should be established. 
Existing information including i) access to 
infected cases, and ii) relevant animal 
health and other data, should be utilised on 
a shared basis. 

It is recommended that WHO in 
consultation with OIE and F AO reconvene 
a meeting of this group within the next two 
to three years, to review progress and 
discuss future collaboration. 


