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Oral Vaccination of Dogs Against Rabies

A global plan ‘Zero by 30’ to end human deaths from 
dog-transmitted rabies by 2030 was launched on 28th 
September 2018, World Rabies Day, by OIE, WHO, FAO 
and GARC (Global Alliance of Rabies Control)1. Here Dr 
Ad Vos of IDT Biologika looks at the significance of this 
deadly disease and the potential of oral vaccination. 

Rabies is the oldest known infectious disease and has 
plagued humans for more than 4000 years. Dogs are a prime 
source of infection so elimination of dog-mediated human 
rabies in the next 11 years seems extremely ambitious since it 
is still widespread. However, unlike many other zoonoses, the 
appropriate tools to eliminate dog-mediated human rabies 
already exist. This has been clearly demonstrated in many 
countries all around the world.

All mammals are susceptible to rabies. However, only 
a few mammalian species act as reservoirs. From a public 
health perspective, the dog is the most important one; 
more than 95 per cent of all human cases are a result of 
a bite from a rabid dog. Not only are dogs very abundant 
in comparison with other reservoir species but they also 
live in close proximity to humans, thus facilitating potential 
transmission.

Most people in developed countries are not aware that 
tens of thousands of people die every year as a result of 
dog-transmitted rabies, predominantly in Africa and Asia. 
Although rabies has the highest fatality rate of any infectious 
disease, it is 100 per cent preventable by vaccination of 
humans. Unfortunately, many people in Africa and Asia have 
limited or no access at all to these life-saving vaccines. But, 
even if these vaccines were to become widely available 
in these areas, this would not eliminate the disease at its 
source, the domestic dog. Therefore this costly intervention 
is never-ending and thus not sustainable. 

Many different approaches to controlling dog rabies 
have been suggested. The most obvious one is responsible 
dog ownership; if owners would look after their dogs by 
vaccinating them against rabies and controlling their 
movement and reproduction, in most countries dog rabies 
would not persist. Also, by reducing access to food, water 
and shelter, the environment would be less able to support 
dogs without an owner. However, changing people’s attitude 
towards dogs and dog-keeping is not easy to achieve in the 
short term since the indifference to the dogs may simply 
reflect the socio-economic hardship experienced by people 
living in marginal areas. Hence, although educating people 
on responsible dog ownership is extremely important, it will 
not have an immediate effect and thus additional measures 
are needed in order to reach the “zero-by-30” goal.

Tens of thousands of people die every year as a result 
of dog-transmitted rabies.

In the past, often dogs roaming the streets were killed 
indiscriminately - for example, by poisoning or shooting. For 

rabies control, there was, at best, a short-term effect but in 
the long run it was ineffective. Fortunately, nowadays, these 
dog slaughter campaigns are discouraged and no longer 
recommended for the management of dog rabies. As an 
alternative, in some countries, stray dogs are caught and 
brought to a shelter. Here the animals are vaccinated and 
can be reclaimed by their owners or rehomed. Unfortunately, 
most dogs are neither reclaimed nor rehomed and 
therefore these programmes are not sustainable since the 
shelters rapidly fill up. Furthermore, the ‘vacant spots’ after 
removal are soon occupied by other dogs. In some areas, 
so-called neuter-vaccinate-release programmes are 
implemented with the underlying objective that the stray 
dog population would slowly disappear without creating 
vacancies for new arrivals. Under certain circumstances, 
these programmes can have a positive effect on the 
dog rabies incidence. However, in many cases these 
schemes are not sustainable and so, from a rabies control 
perspective, are not cost-effective. A new approach has 
been suggested – immune-contraceptive vaccines. This 
alternative approach needs careful assessment. Due to 
the social structure and behavioural ecology of the free-
roaming dog population, this can actually back-fire by 
increasing the growth rate of the dog population.

Investment in dog vaccination is actually the single 
most cost-effective way of reducing the burden of 
rabies. Remarkably, dog vaccination accounts for just a 
fraction of overall rabies costs as the money available is 
predominantly spent on human post-exposure prophylaxis 
(PEP) in most countries. 

Mass dog vaccination, house-to-house or at a central 
point, has been shown to be extremely effective in many 
countries. Unfortunately, sometimes only a very low 
vaccination coverage of the dog population is achieved. 
Insufficient dogs are vaccinated to interrupt the transmission 
cycle. Several reasons have been identified to explain the 
difficulty in achieving high vaccination coverages required 
for elimination of dog rabies. For example, campaigns 
are not well-managed, lack of awareness by dog owners, 
charging a vaccination-fee and the fact that vaccines 
are not always handled, stored or applied properly. 
Another reason that is mentioned most of the time is the 
inaccessibility of a large fraction of the dog population. 
Although most dogs do have an owner, the animals are 
often roaming around unsupervised and, especially in Asia, 
cannot be restrained; not even by their owners! These dogs 
are considered inaccessible for vaccination during these 
mass dog vaccination campaigns.

It is important to bear in mind that free-roaming dogs 
play a key role in the transmission of rabies among other 
dogs. Equipment, such as catching poles and nets, can 
be used to capture these animals. However, this is a very 
laborious (and therefore costly) undertaking. It also induces 
great stress for the dogs, resulting in increased wariness on 
their part, making captures during subsequent campaigns 
even more difficult. 

Fortunately, there is another method available to reach 
these inaccessible free-roaming dogs: oral vaccine baits. 
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Fig 1. A free-roaming dog chewing on bait (left & middle), then leaving the perforated sachet 
on the ground to be collected by the vaccinators (right) in Goa State, India.

A bait attractive to the target species is offered directly 
or indirectly to the animals. A vaccine-filled sachet is 
incorporated inside the bait. When picked up by the animal 
and chewed, the sachet will be perforated by its teeth, 
releasing the vaccine into the oral cavity (Fig. 1). Here it will 
be taken up, predominantly by the palatine tonsils, where it 
induces a protective immune response.

This concept has been very successful – resulting in the 
almost complete elimination of fox-transmitted rabies in 
Europe. It has been adapted to target many other different 
wildlife reservoir species such as the raccoon dog, coyote, 
golden jackal and raccoon in many countries around the 
world. It is, therefore, no surprise that this approach has 
also been suggested for free-roaming dogs. However, the 
approach has to be adapted for this new target species, 
the domestic dog. For example, baits targeted at wildlife 
are offered indirectly and most of the time are distributed 
by aeroplane. Of course, this is not an option for the dogs as 
they share the same environment as humans. Hence, WHO 
and OIE support field trials to investigate the feasibility of this 
method as a supplementary tool to mass dog vaccination 
by the parenteral route under different settings. 

Fig 2. The three components of oral vaccination of dogs against rabies and their key attributes - vaccine, bait and distribution system.

The concept of oral vaccination is based on three 
components:

* the vaccine
* the bait 
* the distribution system
 
(See Fig. 2).

Vaccine
Oral vaccination of dogs against rabies through offering 
the animals a bait requires different safety requirements for 
vaccines used in comparison with conventional parenteral 
vaccines. 

First of all, all oral rabies virus vaccines are based on 
replication-competent live viruses as limited replication 
at the site of uptake in the oral cavity is essential for the 
induction of a protective immune response.

Secondly, irrespective of the distribution system, the fact 
that other non-target species, including humans, can come 
in direct or indirect contact with the vaccine virus cannot 
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be completely excluded. For example, viable vaccine 
virus can be present in the saliva of a freshly-vaccinated 
dog that can transmit this to a human through licking or 
biting. Hence, the safety requirements for an oral rabies 
vaccine intended to be used for dogs are more stringent 
than for vaccines used in wildlife. Therefore, the safety of 
the vaccine strain should not only be evaluated for dogs 
but also for non-target species such as cats and rodents. 
Also, risk assessments for human safety and an estimation 
of the likelihood of human contacts with vaccine virus are 
required. 

Nowadays, newly-developed, highly-attenuated oral 
rabies vaccines are available with a much improved safety 
profile compared with the original first-generation oral 
rabies virus vaccines that were, and are, used successfully 
to eliminate fox-mediated rabies in Europe and Canada. 
It is important to note that no serious adverse incident 
in humans has been reported following the distribution, 
since 1978, of hundreds of millions of baits containing 
first-generation rabies virus vaccines. Two human 
adverse incidents were reported after distribution of oral 
rabies vaccine baits containing a recombinant vaccinia 
virus vaccine in the USA. Here, both dog owners wanted 
to remove the vaccine bait sachet from the mouths of 
their dogs that had discovered a bait distributed for 
wildlife and subsequently had contact with the vaccine  
virus.

Bait
Highly-attractive baits are essential for oral vaccination; 
a vaccine bait containing the safest and most efficacious 
oral rabies vaccine has no merit without good acceptance 
by the target population. It has been shown that the 
fish meal-based baits for red foxes have little or no use 
for dogs as the acceptance rate is very poor in most 
areas. Hence, dog-specific baits need to be developed 
and regional differences in food preferences should be 
accounted for. Although bait acceptance and palatability 
are essential, they are not the only factors determining a 
successful vaccination attempt. The timely release of the 
vaccine virus in the oral cavity is imperative. For example, a 
highly-attractive bait can actually sometimes be counter-
productive since dogs might swallow the bait without 
much chewing. Consequently, the vaccine would not be 
released in the oral cavity and could therefore not induce 
an immune response. 

Excessive spillage of vaccine should also be avoided. 
So, size, shape and texture of the bait and sachet are also 
important traits that need to be considered during bait 
development. Several types of baits, made from locally-
available materials or machine-manufactured, have 
been developed and tested. Some of these have been 
shown to be highly attractive to dogs and very effective in 
releasing the vaccine in the oral cavity. For example, during 
a recent field study in Haiti 97 per cent of dogs offered a 
locally-made bait accepted it and 93 per cent punctured 
the sachet. As a result of this uptake, 78 per cent of dogs 
offered a bait had developed rabies virus antibodies. 

As mentioned, the fact that some dogs will swallow the 
sachet without perforating it or that, in some cases, most 
vaccine will be spilled on the ground cannot be completely 
overcome. Therefore, not all dogs that accepted a bait will 
subsequently be vaccinated successfully. This is also the 
reason why owners of dogs offered a vaccine bait will not be 
given a vaccination certificate. It is extremely important to 
stress that oral vaccination is not targeted at the individual 
animal but is intended to increase herd immunity.

Distribution Systems
All available oral rabies vaccines are based on live 
replication competent viruses so both indirect and 
direct human contacts with the vaccine virus should be  
avoided. 

Currently, only one distribution system is recommended 
by WHO and OIE - the so-called hand-out model whereby 
free-roaming dogs that are inaccessible for parenteral 
vaccination are offered a bait directly. If the dog is not 
interested or runs away, the bait is recollected. Also, 
discarded sachets after bait consumption are picked 
up by the vaccinators. This way, potential human 
contacts with the vaccine virus are limited as much as  
possible. 

The wildlife model involving the distribution of baits at 
selected sites has been shown to be ineffective for dogs. 
The dogs have to locate the baits themselves but extremely 
high bait densities are needed to achieve a high vaccination 
coverage among the target sub-population of dogs that is 
inaccessible for parenteral vaccination. Furthermore, this 
distribution system will increase the risk of human contact 
with the vaccine virus. 

This safety issue also plays a role with the third 
distribution system suggested in the past. As most dogs 
have an owner, baits are distributed to dog owners at 
central points; the owners then offer the bait to their dogs 
themselves.

The hand-out distribution system almost eliminates 
unintentional human contacts and can easily be in 
corporated into existing mass dog-vaccination campaigns.  
During a door-to-door campaign, every dog encountered,  
that cannot be vaccinated by the parenteral route, is 
offered a bait. During mass dog vaccination campaigns 
at a central point, vaccinated dogs can be temporarily 
marked (collar, paint-marking, etc). In the following 
days, a team can systematically search the area for 
unmarked dogs and offer these animals a vaccine bait.  
This hand-out model has been tested extensively in 
different settings. In some areas, only about 20 per cent of 
the dogs vaccinated were eligible for oral vaccination; the 
other dogs could easily be restrained and vaccinated by 
the parenteral route. However, in a small coastal village in 
the Philippines, for example, all dogs present were owned 
but almost none of the dogs could be restrained by the 
owners and/or vaccinators. Subsequently, after a door-to-
door campaign, 67 per cent of all dogs were vaccinated 
by offering a vaccine bait. Hence, the added value of oral 
vaccination in increasing herd immunity in the dogs is 
determined by local conditions.  

In contrast to the capture-vaccinate-release 
campaigns, oral vaccination eliminates capture – or 
restraining stress completely. It is observed that these 
initially-unapproachable dogs often lose their wariness 
and actually actively seek contact with the vaccinators 
after being offered a bait (Fig. 3). This is extremely important 
in areas where dogs roam in packs, since often only one 
or two dogs can be caught or restrained while the others 
run away. This makes it increasingly difficult and time-
consuming to catch these animals, if possible at all. (Fig. 4)

In summary:

• Oral vaccination offers the possibility of reaching dogs 
inaccessible for parenteral vaccination.

• Oral vaccination increases efficiency of campaigns 
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Fig 3. Oral vaccination of dogs, seen here in Panaji, Goa State, India, reduces capture – or restraining stress.

Fig 4. More than 95 per cent of human cases of rabies are due to dog bites, so packs of dogs can pose a serious risk

by reducing time (and therefore money) required to 
capture and restrain dogs.

• Oral vaccination reduces the stress of capture for 
both dogs and humans – the vaccinators.

• Oral vaccination as a supplementary tool to 
parenteral vaccination can increase herd immunity to 
levels required to interrupt the transmission cycle.
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