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Domestic dogs are responsible for nearly all the ~59,000
global human rabies deaths that occur annually. Numer-
ous control measures have been successful at eliminat-
ing dog-mediated human rabies deaths in upper-income
countries, including dog population management, paren-
teral dog vaccination programs, access to human rabies
vaccines, and education programs for bite prevention
and wound treatment. Implementing these techniques in
resource-poor settings can be challenging; perhaps the
greatest challenge is maintaining adequate herd immuni-
ty in free-roaming dog populations. Oral rabies vaccines
have been a cornerstone in rabies virus elimination from
wildlife populations; however, oral vaccines have never
been effectively used to control dog-mediated rabies.
Here, we convey the perspectives of the World Organ-
isation for Animal Health Rabies Reference Laboratory
Directors, the World Organisation for Animal Health ex-
pert committee on dog rabies control, and World Health
Organization regarding the role of oral vaccines for dogs.
We also issue recommendations for overcoming hesita-
tions to expedited field use of appropriate oral vaccines.

Since the advent of Pasteur’s germ theory and the
general acceptance that infectious diseases do not
develop spontaneously, humankind has strived to

reduce and eliminate pathogens that pose a serious
public health threat. Incorporating routine vaccina-
tions to control human diseases such as pneumonia,
diarrhea, pertussis, measles, and polio contributed to
the prevention of >10 million human deaths during
2010-2015 (1). Intensive global efforts toward dis-
ease eradication have focused on only a few diseas-
es, including Guinea worm disease (dracunculiasis)
(>99% reduction in human cases), smallpox (eradi-
cated in 1980), rinderpest (eradicated in 2011), polio
(99% reduction in human cases), and lymphatic fila-
riasis (73% reduction in human cases) (2-6). Those
disease eradication efforts have focused on patho-
gens that are host-restricted or affect only a single
host. In 2015, the world called for action by setting a
goal of zero human dog-mediated rabies deaths by
2030 worldwide. In 2018, the World Health Organi-
zation (WHO), the World Organisation for Animal
Health (OIE), the Food and Agriculture Organiza-
tion of the United Nations, and the Global Alliance
for Rabies Control launched the Global Strategic
Plan for global elimination of dog-mediated human
rabies deaths by 2030, which represents the first ma-
jor effort to eliminate a classical zoonosis and poses
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unique challenges not encountered during prior dis-
ease elimination efforts (7-9).

Among the various rabies reservoir species
(10,11), domestic dogs pose the greatest threat to
global public health (12,13). Dog-mediated rabies is
responsible for an estimated 59,000 human deaths an-
nually (95% CI 25,000-159,000) (14). Despite the com-
plexities inherent in controlling zoonotic diseases,
historical experience has shown that dog-mediated
rabies virus elimination is feasible and cost-effective
(15). Dog-mediated rabies has been eliminated from
nearly every high-income country through the imple-
mentation of dog vaccination and population man-
agement programs (16,17). Dog rabies control efforts
in low- and middle-income countries are estimated
to prevent 2.9 million human rabies deaths annually;
however, recent examples of successful, large-scale
dog rabies elimination in low- and middle-income
countries are rare and largely limited to Latin Amer-
ica (14,18-22). In recent decades, vaccination efforts
have stagnated in many countries because of scarce
funding for animal health sector elimination initia-
tives and perceived barriers to effectively vaccinating
high-risk dog populations (8,23).

A great paradox exists in the field of global ra-
bies elimination: oral rabies vaccination (ORV) is the
main component of elimination of rabies from wild-
life populations, which cause only modest human
deaths (24-27), whereas ORYV is not used to comple-
ment parenteral vaccination for elimination of rabies
in dog populations (28), which are responsible for
more human deaths than any other single zoonotic
pathogen. At present, parenteral vaccination is the
only approach used for addressing dog-mediated
rabies at-scale, despite frequent publications and
field reports of the inadequacies of this approach
among important subpopulations of susceptible
dogs (Table 1) (39).

Rationale for the Consideration of Oral Vaccines
for Dog Vaccination Campaigns

Elimination of dog-mediated rabies from high-income
countries was achieved through parenteral vaccina-
tion of dogs at fixed locations (e.g., veterinary clinics
and fixed community vaccination posts) and has been

associated with higher levels of logistical, political,
and economic development. In many rabies-endemic
countries, the logistical infrastructure is inadequate
to support vaccination campaigns capable of reach-
ing adequate herd immunity (estimated at 70%) (8).
Alternative vaccination methods that overcome these
infrastructure deficits, such as capture-vaccinate-re-
lease (CVR) and door-to-door vaccination, have been
piloted in subnational settings and have shown to
be highly effective (40-43). However, the feasibility
of scaling up campaigns that rely upon parenterally
focused alternative vaccination methods is now in
doubt (44,42). Parenteral vaccination by CVR tech-
niques has led to tangible reductions in dog-mediated
human rabies deaths in areas such as Bali, Indonesia,
and Goa, India. However, these programs are rela-
tively small in scale (vaccinating <100,000 dogs per
campaign-year). To date, no example of a large-scale,
national campaign that relies primarily on the labor-
intensive method of CVR exists. The sheer number
of vaccinators required to enact the CVR technique
at-scale requires a labor pool that does not yet exist
in many endemic countries (8,44). A cadre of an es-
timated 1.1 million vaccinators would be needed to
conduct a national CVR campaign in India (42).

In contrast, ORV targets similar dog populations
as CVR (i.e., free-roaming) but requires substantially
less labor and expertise. Recent studies conducted in
Asia and the Americas have shown that although CVR
techniques applied to inaccessible dog populations
are inefficient (reaching only 10-20 dogs per vaccina-
tor per day), vaccinators using ORV in these same dog
populations can far exceed 50 successful vaccinations
each day (42,45,46). In settings where alternative vac-
cination methods are necessary to reach adequate herd
immunity, scalability will likely require inclusion of
ORV to effectively eliminate dog-mediated rabies.

Although infrastructure is an important compo-
nent of rabies vaccination, a profusion of other consid-
erations also influence the feasibility of an approach that
will be most successful. Whether a population of dogs
are accessible for parenteral vaccination depends on
cultural, environmental, and economic factors. In most
rabies ontrol programs, a positive association exists be-
tween dog accessibility and efficiency of vaccinations

Table 1. Examples from the published literature of vaccination campaigns that have met or failed to meet vaccination targets

Successful vaccination programs

Unsuccessful vaccination programs

Country Vaccination coverage, %  Reference Country Vaccination coverage, %  Reference
Zambia 80 (29) Chad 19 (30)
Mexico >90 (317) Chad 24 (32)
Chad 74 (30) Kenya 29 (33)
Thailand 70 (34) Nigeria 17 (35)
Bolivia 85 (36) South Africa 56 (37)
Tanzania 68 (38) Tanzania 9 (38)
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delivered, as well as cost-effectiveness, predicated on
parenteral vaccination. With ORYV, this fundamental re-
lationship can change (46). Several studies have shown
that in areas with low dog accessibility, parenteral vac-
cination was either ineffective or inefficient, but ORV
was able to achieve adequate coverage while remaining
a cost-effective public health intervention (42,45-48).
Although ORV has been used for >40 years in high-
income countries to successfully control and eliminate
rabies in wildlife (24,27), hesitancy to implement ORV
as a component of mass dog vaccination campaigns has
resulted in a dearth of evidence to argue for the integra-
tion, impact, and cost of these vaccines in the context of
dog rabies control.

Factors Contributing to Underutilization of Oral
Rabies Vaccines in Dog Vaccination Programs
Decades of debate over the potential role of ORV for
dogs has left a confusing landscape of guidance and
perspectives (49-53). Here, we discuss the greatest
deterrents to the inclusion of ORV in routine dog vac-
cination programs and how to encourage their safe
and cost-effective use.

Safety of Oral Rabies Vaccines

Unintended and long-lasting impacts on humans, as
seen with the large-scale field use of oral vaccines for
poliovirus and smallpox virus (54,55), have not been
observed with oral rabies virus vaccines (56,57). Only
very few sporadic adverse events in animals or hu-
mans, without any epidemiologic impact, have been
reported when baits were distributed randomly in
the environment (56-63). Given the close proximity
of free-roaming dogs to humans, particularly in ur-
ban environments, distributing vaccines through a
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Figure 1. Oral rabies vaccines can be helpful in vaccinating dog populations where traditional parenteral methods have failed to reach

Elimination of Dog-Mediated Human Rabies Deaths

hand-out model would effectively reduce unintended
exposures to vaccine virus compared with environ-
mental distribution of baits (Figures 1, 2).

Thorough safety evaluations are essential before
any consideration of field distribution of oral rabies
vaccines, including safety for target and major non-
target species, virus dissemination potential, genetic
stability, environmental safety, and mode of distribu-
tion (Table 2). At least 5 guidelines have been devel-
oped to describe the process by which candidate oral
vaccines should be evaluated for safety and efficacy
(i.e., guidelines issued by OIE, WHO, the European
Directorate for the Quality of Medicines, the US Food
and Drug Administration, and the US Department
of Agriculture Center for Veterinary Biologics) (49-
52,64,65). These guidelines are highly technical and
developed from a regulatory point of view. Publicly
available and plain-language vaccine construct safety
evaluations have been developed for some veterinary
vaccines, such as those released by the European
Medicines Agency (https://www.ema.europa.eu/
en/medicines/ veterinary).

Evaluating of vaccine safety can be a complex
and multifaceted process. A standardized safety as-
sessment model was proposed in 2019 by Head et al.
(66), which describes a method for evaluating the ani-
mal and human health impacts of specified vaccine
constructs under any potential field-use setting. In-
creased use of such types of risk assessment tools and
dissemination of plain-language safety evaluation re-
sults can provide a stronger argument for policy mak-
ers to justify the use of oral rabies vaccines.

To address unfounded concerns related to safety
of oral rabies virus vaccines, a few actions are recom-
mended. First, global health agencies should provide

i ™ |

adequate vaccination coverages, Haiti. A) A dog hiding behind 2 buildings is vaccinated with an oral rabies vaccine. B) A family with 4
free-roaming dogs watches as they ingest an oral rabies vaccine bait. C) Dogs can be protective of puppies, so oral rabies vaccines
provide a safer method to vaccinators and reduce the risk of bites during parenteral vaccination. D) Fences and other barriers can make
difficult tasks for parenteral vaccinators. A dog is vaccinated through a barbed wire fence with an oral rabies vaccine.
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Figure 2. Dogs receiving

oral rabies vaccines have the

i potential to expose community

members, particularly children,

Haiti. Oral rabies vaccines

& must be safe for dogs as well
A as the humans and animals

that live near dogs. Children

particularly are at risk for

exposure to oral rabies vaccines

= through bites and licks from

B recently vaccinated dogs or

when vaccines are left in the

community. The unintended

contact with the vaccine can

be effectively reduced when

a hand-out model (removal of

unconsumed or partly ingested

baits) is used.

guidance on conducting hand-out oral vaccination
programs for dogs. Second, global health agencies
should provide guidance to policy makers on how to
interpret complex safety evaluation studies. Finally,
policy-makers should be encouraged to evaluate the
animal and human health impacts (beneficial and
harmful) from use of ORV as a complement to inject-
able vaccines in dog vaccination programs.

Licensure of Oral Rabies Vaccines
Licensure of veterinary products ensures that a
national professional regulatory organization has

deemed the product safe for the target animal, po-
tential nontarget animals, and humans. Several oral
rabies vaccine products are licensed for use in wild-
life, yet licensure has not been obtained for these
products for use in dogs despite ample studies es-
tablishing their safety and efficacy. Vaccine licen-
sure is not a globally consistent process, and licen-
sure in 1 country might not be recognized by others.
Licensure, if provided by a highly recognized agen-
cy (e.g., US Food and Drug Administration or Euro-
pean Medicines Agency), should translate to wide-
ranging use and acceptance of the product globally,

Table 2. Summary of recommendations for the evaluation of oral rabies vaccines for vaccine candidates before use in the field

No. Maijor categories for assessment of an oral rabies vaccine candidate*

1 Description of the manufacturer

2 Description of the vaccine construct

3 Is the vaccine safe for the target animal?

4 Has safety been assessed for potential non-target animals?

5 Has safety been assessed in nonhuman primates?

6 Does the vaccine elicit an immune response in target animals?

7 Have virulent challenge studies been conducted to assess duration of immunity?

8 Does the vaccine replicate in host tissues and is replicating virus excreted from animals?

9 Is the bait composition attractive to the target animal, and does it convey delivery of the vaccine to the target host-anatomy?

10 Have bait contact rates been described for the bait distribution method you are considering?

11 Has the vaccine been evaluated under field conditions and are storage requirements known?

12 Has an economic cost-benefit assessment been conducted?

13 Is the product currently acknowledged by an international public health agency for field use?

14 Is the product currently licensed in any countries for field use?

15 Is the community supportive of oral rabies vaccination of dogs?

16 Can the responsible authority conduct postvaccination monitoring for persons potentially exposed to the vaccine?

17 Can the responsible authority conduct postvaccination monitoring for vaccine exposures from contact with recently vaccinated
dogs?

18 Is there an effective postexposure prophylaxis for humans exposed to the oral rabies vaccine?

19 Can the responsible health authority provide postexposure prophylaxis for persons potentially exposed to the vaccine?

*Adapted from World Health Organization 2007 recommendation on oral rabies vaccine assessment (57).
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Table 3. Landscape analysis of potential oral rabies vaccine candidates

Vaccine name Manufacturer Construct Review status* Licensure status
V-RG Boehringer Ingelheim, Recombinant vaccinia virus Safe and efficacious Licensed for wildlife in
Germany Europe and USA
ONRAB Artemis, Canada Recombinant adenovirus Safe and efficacious Licensed for wildlife in
Canada
SPBN GASGAS Ceva, France Recombinant rabies virus Safe and efficacious Licensed for wildlife in
Europe
ERA G333 Prokov, Russia Recombinant rabies virus Not assessed Licensed for wildlife in
Russia
SAG2 VIRBAC, France Attenuated rabies virus Safe and efficacious Licensed for wildlife in
Europe
SAD B19 Ceva, France Attenuated rabies virus Low residual pathogenicity Licensed for wildlife in
Europe
SAD Bern Bioveta, Czech Republic Attenuated rabies virus Low residual pathogenicity Licensed for wildlife in
Europe
SAD Clone Bioveta, Czech Republic Attenuated rabies virus Low residual pathogenicity Licensed for wildlife in
Europe
RV-97 FGBI ARRAIH, Russia Attenuated rabies virus Low residual pathogenicity Licensed for wildlife in
Russia
KMIEV-94 Institute of Experimental Attenuated rabies virus Not assessed Licensed for wildlife in
Veterinary, Belarus Belarus
VRC-RZ2 Kazakhstan Attenuated rabies virus Not assessed Licensed for wildlife in
Kazakhstan

*Review status refers to safety and efficacy in the target species based on published data.

because in-country licensure in each rabies-endemic
country is neither scientifically necessary nor ethi-
cally justified, and therefore unrealistic.

Off-label use of vaccines commonly occurs, es-
pecially when broad support from national and
international professional organizations (e.g., OIE,
WHO, veterinary associations) exists. OIE Reference
Laboratories for Rabies, as part of their expertise du-
ties, are available to assist OIE in such a prequalifi-
cation review process. Only vaccines that have been
licensed for wildlife in accordance with internation-
al recommendations (49-52,64,65) and have shown
the highest level of safety and efficacy (based on the
provisions for licensing stipulated by OIE) should
be considered for prequalification and off-label use
in dogs (67) (Table 3). Benchmark immunogenicity
studies and field trials related to bait acceptance
should form the basis for either conditional or full-
fledged licensure of oral rabies vaccines for dogs.
Given the similar immunologic characteristics of
dog populations across countries, results of immu-
nogenicity studies conducted in one country should
be considered valid in other countries.

To overcome barriers to licensure of oral rabies
vaccines, several actions are recommended. First,
although licensure can be a long, arduous, and ex-
pensive process, manufacturers should continue
to seek central licensure for use of their products
in dogs. Second, OIE should continue its efforts
to promote the concept of vaccine regulatory con-
vergence among OIE member countries. Third, al-
though OIE and WHO recognize the need for use
of animal vaccines off-label, a prospective approach
to validating oral rabies vaccines, such as the WHO
vaccine prequalification process, should be devel-
oped to provide more confidence in the use of oral
rabies vaccines, both in field-trials and integration
into mass parenteral vaccination programs. Fourth,
prequalification should be a future requirement for
any oral rabies vaccine to be used for dogs in projects
funded or supervised by the United Against Rabies
initiative, thereby creating an incentive for manufac-
turers to invest into this area. Finally, OIE and WHO
should consider developing a global regulatory sci-
ence agenda for oral rabies vaccines, similar to what
is recommended for human vaccines.

Table 4. Considerations for rabies vaccination methods applied to dog populations

Accessibility of the dog

population Central point

Door-to-door

Capture—vaccinate—release Oral vaccination

Owned, confined dogs
Owned, roaming dogs
Unowned dogs
Advantage

Good coverage
Moderate coverage
Poor coverage
Inexpensive
Disadvantage Low free-roaming dog
coverage

Good coverage
Moderate coverage
Poor coverage
Owners do not have to
transport dogs
Low free-roaming dog
coverage

Moderate coverage
Good coverage
Good coverage

Expensive and requires
trained staff

Cost and scalability

concerns

Rarely applicable*
Good coverage
Good coverage

Easy and targets free
roaming dogs
Cost, safety, and efficacy
concerns

*Parenteral vaccination should be the preferred method when the dog can be brought for vaccination by an owner.

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 26, No. 12, December 2020 e5



ONLINE REPORT

Table 5. Summary of recommendations to promote the safe and effective use of oral rabies vaccine in dogs*

Short-term activities (activities to be accomplished by 2021)

Global health agencies should provide guidance on conducting hand-out vaccination programs for dogs

Global health agencies should provide guidance to policy makers on how to interpret complex safety evaluation studies

Policy makers should be encouraged to evaluate the animal and human health impacts (beneficial and harmful) from use of ORV
as a complement to injectable vaccines in dog vaccination programs

International organizations, such as United Against Rabies, should acknowledge the need, role, and acceptability of ORV to further

promote safe and cost-effective ORV of dogs

Vaccination programs should be designed using fit-for-purpose methodology, where appropriate methods (or mixed methods)
and vaccine constructs are chosen based on characteristics of the dog population and capacities of the vaccination staff
International organizations should advocate for the use of tools that assess the role of ORV in mixed-method vaccination

campaigns to increase awareness of the benefits of ORV

Medium-term activities (activities to be accomplished by 2023)

OIE should continue its efforts to promote the concept of vaccine regulatory convergence to OIE member countries.

Although OIE and WHO do recognize the need for use of animal vaccines off-label, a prospective approach to validating oral rabies
vaccines, like the WHO vaccine pre-qualification process, should be developed to provide more confidence in the use of oral rabies
vaccines, both in field-trials and integration into mass parenteral vaccination programs

Prequalification should be a future requirement for any oral rabies vaccine to be used for dogs in projects funded or supervised

by the United Against Rabies initiative, thereby creating an incentive for manufacturers to invest into this area.

Benchmark immunogenicity studies and field trials should be conducted in several countries representative of regions where
dog-mediated rabies is endemic as they are considered crucial to demonstrate the fitness for purpose of oral rabies vaccination

as a supplementary tool.

OIE and PAHO should offer these vaccines through their vaccine bank (OIE) and Revolving Fund (PAHO)

Long-term activities (activities to be accomplished by 2025)

Although licensure can be a long, arduous, and expensive process, manufacturers should continue to seek central licensure

for use of their products in dogs.

OIE and WHO should consider developing a global regulatory science agenda for oral rabies vaccines, similar to what is

recommended for human vaccines

*OIE, World Organisation for Animal Health; ORV, oral rabies vaccination; WHO, World Health Organization; PAHO, Pan American Health Organization.

Production Capacity for Oral Rabies Vaccines

No oral rabies vaccine products that are manufactured
at a scale that would meaningfully impact the global
or regional burden of dog-mediated rabies are com-
mercially available. A lack of demand from customers
(national rabies programs and international funders)
and a lack of standard bait flavor, size, and composi-
tion for dogs were barriers to large-scale production
capacities and implementation of ORV of dogs. In re-
cent years, a near-universal bait flavor has been sug-
gested (egg flavor) and compositions that avoid use of
plastics and aluminum foil appear safer when ingested
by dogs (68). Armed with this new knowledge, mass
production of a standard oral rabies vaccine bait seems
only limited by a lack of demand. However, field stud-
ies should continue to assess bait uptake by modify-
ing bait flavor, composition, and shape. To increase
demand of oral rabies vaccines and support sustain-
able production capacity, OIE and the Pan American
Health Organization (PAHO) should offer prequali-
fied oral rabies vaccines through their Vaccine Bank
(OIE) and Revolving Fund (PAHO) (69,70).

Cost of Oral Rabies Vaccines

With no major production of oral rabies vaccines for
dogs currently operationalized, the exact cost of these
vaccines remains unclear. Costs are expected to be
higher than parenteral vaccines ($2-$4 USD per ORV
bait compared with $0.30-$1 USD per parenteral vac-

cine) (46). Despite the relatively high cost per oral vac-
cine dose, studies have shown that inclusion of ORV
as a component of a campaign can increase vaccinator
efficiency, leading to overall more cost-effective pro-
grams compared with persistent undervaccination that
might occur with parenteral-only vaccination methods.
Although parenteral vaccination remains the preferred
route when the dog is accessible, parenteral vaccination
complemented by use of ORV for inaccessible dogs can
be a cost-effective approach. International organiza-
tions, such as United Against Rabies, should acknowl-
edge the need, role, and acceptability of ORV to further
promote safe and cost-effective ORV of dogs.

Role of Oral Rabies Vaccine within a

Vaccination Program

Vaccination methods should specifically target dog
populations that are essential to the rabies virus trans-
mission cycle (Table 4). Although vaccination of well-
owned, often-confined dogs can be performed easily
and at low cost, undervaccination of the susceptible
dog population leads to persistent rabies endemicity
and poor cost-effectiveness (71). New tools have been
developed to evaluate the conditions under which ORV
might be a cost-effective complementary tool within a
mixed-methods vaccination campaign (46,72,73). Al-
though parenteral vaccination with high-quality rabies
vaccines is preferred for populations of dogs that are
accessible (45,74), complementary ORV of inaccessible
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dogs increases herd immunity. The OlE-endorsed offi-
cial program for dog-mediated rabies, the OIE Vaccine
Bank, and the PAHO Revolving Fund (69,70) present
opportunities to provide vaccination planning tools to
recipients and require verification that adequate plan-
ning and preparations have been conducted. Donors
and operators of vaccine banks should be aware of
these tools and work with donation recipients to en-
sure that campaigns will result in cost-effective inter-
ventions. International organizations should advocate
for the use of tools that assess the role of ORV in mixed-
method vaccination campaigns to increase awareness
of the benefits of ORV

Conclusion

Although the goal of global elimination of human
deaths from dog-mediated rabies by 2030 was just
recently established, expanding dog vaccination pro-
grams and access to human vaccines over the past
century has led to a 98% reduction in global human
rabies deaths (14). The remaining 2% are indeed the
proverbial “last mile,” and elimination has proven
more difficult because of numerous infrastructural, fis-
cal, and sociodemographic factors. Although the goal
of 2030 will require a comprehensive approach to im-
prove surveillance, human postexposure prophylaxis,
dog vaccination and dog population management,
and awareness programs, the goal will be more fea-
sible if all tools at our disposal are fully used (Table
5). Perhaps the most underused of all tools in the fight
against rabies is ORV of dogs. ORV has a vital role
as a complementary tool in the global elimination of
dog-mediated human rabies deaths, and specific rec-
ommended activities should be pursued urgently to
promote safe and cost-effective use of ORV.
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