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Rabies is transmitted from animals to humans through the bite of an
infected animal, all too often with fatal consequences, particularly
in the developing world. Dr Joanne Maki, Technical Director for the
Veterinary Public Health Centre at Boehringer-Ingelheim Animal
Health, has worked in rabies prevention for 30 years. With extensive
background and experience gained in the rabies vaccine industry,
Dr Maki shares her perspectives on the call to action to eliminate
this deadly zoonotic disease.

The Origins of Rabies
The rabies virus has plagued mankind
since the beginnings of recorded history.
Its origins are postulated to be an insect
virus that adapted to insectivorous
bats and over time evolved to infect
other mammalian species – including
humans.
Dr Joanne Maki, Technical Director for
the Veterinary Public Health Centre at
Boehringer-Ingelheim Animal Health
notes, ‘The most striking feature of the
rabies virus is how it is transmitted.
Upon receiving a bite from a rabid
animal, the virus replicates locally and
invades local nerves. The infection
continues with virus replication in
neurons eventually invading the central
nervous system and travelling to the
brain.’
The infected host develops
inflammation of the brain, known as
encephalitis. This presents either as
paralysis and recumbency or agitation
and aggression. Dr Maki further explains,
‘It is an evolutionary marvel that the
virus modifies the host’s behaviour
to seek out and bite objects in the
environment.’ As such, the virus is

transmitted in saliva from the infected
host to another, and the cycle begins
again.
As an RNA virus, the rabies virus
replicates with low genetic fidelity
meaning it can easily modify its genetic
code and as a result, has developed
different variants capable of infecting all
mammalian species. The variants are
identified through genetic sequencing.
The fingerprints of the variants are
unique by both geography and species.
They survive by maintaining low levels
of transmission in wildlife populations
such as raccoons, foxes, skunks, bats,
and mongooses. Although originating
in wildlife, rabies has adapted readily to
circulate in unvaccinated dogs. Dogs,
often dubbed ‘man’s best friend’ are the
primary cause of human rabies deaths
globally.
Can We Eliminate Rabies?
Dr Maki explains that the tools to
eliminate human rabies already exist.
Human rabies vaccines are routinely
given to people bitten by animals
in a treatment called post-exposure
prophylaxis (PEP). She notes that
injectable inactivated canine rabies
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vaccines have proven time and time
again to stop dog rabies outbreaks, and
that oral rabies vaccines for wildlife have
been used to eliminate fox rabies in
Western Europe and the canine variant
of rabies from the USA.
So, why are humans still dying from
rabies? Dr Maki points to a lack of
disease awareness, prioritisation of
prevention, and a cultural willingness to
vaccinate dogs to protect human lives
as being the main obstacles. Despite
this, almost all human rabies victims
(>99%) have been bitten by a rabid dog.
An estimated 59,000 human deaths
occur each year due to rabies, and
these are primarily in countries lacking
adequate health care infrastructure.
As many as 40% of these deaths are in
children under 15 years of age living in
Africa and Asia. Sadly, the Centers for
Disease Control in the US estimates one
person dies of rabies every 9 minutes
worldwide.

‘As countries roll out mass COVID-19 vaccination
programmes, one can only hope that lessons learned
and investments made in health care can have a
positive impact on preventing other infectious
diseases, such as rabies.’

For these reasons, the World Health
Organization (WHO) has classified
human rabies as a neglected tropical
disease. Shockingly, the global burden
of rabies is estimated to be 8.6 billion
USD/year, based primarily on human
lives lost, the money spent on PEP, and
the loss of economic productivity by
those impacted by the disease.
The global rabies community is now
challenging all countries to unite
and invest in rabies prevention and
ultimately, eliminate human rabies
by 2030. Known as ‘Zero By 30’, this
effort is spearheaded by a group called
United Against Rabies (UAR). This effort
will require a sustained One Health
approach to repeatedly vaccinate dog
populations against canine rabies
in countries in which rabies is rife to
dramatically reduce the risk of exposure
to humans.
The Importance of Post-exposure
Prophylaxis
Adequate post-bite medical care greatly
increases the chance of a person
surviving a rabid dog bite. In countries
with good health care provision,
human deaths from rabies are rare
and the disease is routinely prevented
through PEP. This consists of a series of

injectable rabies vaccines and in highrisk bite cases, infiltration of the wound
site with anti-rabies immunoglobulin.
Every year, more than 29 million people
across the world receive post-bite
medications. However, human deaths
due to rabies still occur. Insufficient
PEP supply in rural hospitals and
clinics (such as in Africa) limits the
potential number of dog bite victims
treated, directly contributing to the
death toll from human rabies. Sadly,
in some situations, people cannot
afford treatment or there are logistical
roadblocks such as not being able to
take time away from work or lack of
transportation to the hospital for followup care.
Whether an individual can receive PEP
after a dog bite is often geographically
and economically driven. Dr Maki
explains that WHO, in collaboration
with Gavi, the Vaccine Alliance, has
committed to providing PEP vaccine
doses to low-income countries based
on the country’s gross national income.
A 2019 epidemiological and economic
modelling study confirmed the value of
providing anti-rabies vaccines through
the potential to prevent an additional
489,000 deaths between 2020 and 2035.
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WHO also investigated the impact
of using a one-week course of
intradermal vaccinations for PEP
instead of the current intramuscular
route protocol and approved this for
human rabies PEP in 2018. However,
as Dr Maki notes, the practice has
not been uniformly adopted. This
slow transition to intradermal PEP
administration is thought to be partially
due to a lack of proficiency in staffing
and valid concerns about potential
contamination of multi-use vaccine
vials – both of which can be addressed
through training. Benefits of intradermal
PEP vaccination include the use of a
lower dose per treatment and the need
for fewer visits, in addition to an overall
reduction in cost by 60–80%.
Integrated bite case management
(IBCM) is a decision tool developed for
physicians treating dog bite victims.
In every case, the attending physician
must decide if a patient is truly at risk
of contracting rabies. If the dog that
inflicts the bite runs away or cannot
be identified, then the vaccination
status of the biting dog is ‘unknown’.
In such instances, PEP doses are
routinely administered. IBCM gives
physicians an algorithm to not choose
to administer PEP if the biting dog is
known and currently vaccinated against
rabies, given that properly vaccinated
dogs pose the lowest risk of rabies
transmission. Any dog that has bitten
a person should be quarantined and
observed. If the dog remains healthy
after 10 days of quarantine the PEP
series of vaccines can be stopped. Dr
Maki notes that incorporating IBCM
into routine dog bite patient care can
prevent unnecessary administration of
rabies vaccines, thus improving cost and
resource savings.
Critically, the Hampson/Trotter
model hypothesises that if all PEP
vaccines were given intradermally and
integrated bite case management was
implemented on a global scale the
current supply of human anti-rabies
vaccines would be enough to eliminate
human rabies.

Table 1. Recent developments supporting the elimination of human rabies by 2030.

The Canine Rabies Vaccine Bank
Since vaccinating a sufficient number of
dogs each year is critical to eliminating
human rabies, the World Organization
for Animal Health (OIE) created a canine
rabies vaccine bank for countries, nongovernment organisations and other
third parties interested in conducting
mass dog vaccination programmes.
To date, OIE has delivered 12.5 million
vaccine doses to more than 22 countries
(principally in Asia and Africa). Since
the inception of the vaccine bank,
Boehringer-Ingelheim Animal Health
has provided doses of their injectable
rabies vaccine RABISIN. Dr Maki is
particularly proud of this contribution,
not least because obtaining quality
vaccines for mass dog vaccination
programmes by individual countries can
be financially very challenging.
Dr Maki hopes that as canine rabies
comes under control, governments and
policymakers will realise the societal
benefits of healthier animals and fewer
human deaths due to rabies. As rabies
prevention is recognised as being an
economically sound practice, mass
dog rabies vaccination programmes
become routine and canine rabies
outbreaks prevented. As recently
demonstrated in Mexico, a sustained

and well-orchestrated canine rabies
prevention programme can eventually
eliminate human rabies deaths. As
such, Mexico was recognised by WHO
for eliminating human deaths due to
canine rabies in 2019. RABIFFA, another
Boehringer-Ingelheim Animal Health
rabies injectable vaccine, was used for
many years in this programme.
Recent Developments
Dr Maki recognises five recent
advancements that have significantly
bolstered the steps to eliminating
human rabies. Three of these initiatives
impact the delivery of PEP as discussed
above: the funding of human rabies
vaccines in impoverished countries,
the implementation of IBCM, and
the transition from intramuscular
administration of PEP vaccines to
intradermal delivery. The other two
actions supporting effective mass dog
vaccination are using collars to identify
vaccinated dogs and the creation of a
canine rabies vaccine bank (see Table 1).
Looking to the Future
Taking a reflective stance, Dr Maki
suggests that only time will tell
if the challenges caused by the
COVID-19 global pandemic will bring
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a suitable investment in public health
infrastructure and disease prevention
to the world’s stage. Can a positive
outcome of our current suffering be
the realisation that brings equality
to improved access to vaccines and
medical care? Dr Maki asserts, ‘As
countries roll out mass COVID-19
vaccination programmes, one can
only hope that lessons learned and
investments made in health care can
have a positive impact on preventing
other infectious diseases, such as
rabies.’
Dr Maki further reflects that ‘While we
wait for better times, we can continue
to raise awareness about rabies and
do our best to vaccinate dogs. We can
commit to building a global network
that shares the benefits of intradermal
PEP and IBCM to improve medical
post-bite care.’ Clearly, such changes are
not complex and can greatly improve a
person’s chance of not dying of rabies.
By working together in a One Health
mindset, Dr Maki believes we can
implement these changes and move
closer to the global elimination of
human rabies arising from the canine
variant.
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