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A B S T R A C T   

Dog-mediated rabies is responsible for tens of thousands of human deaths annually, and in resource-constrained 
settings, vaccinating dogs to control the disease at source remains challenging for various reasons. Currently, 
rabies elimination efforts rely on mass dog vaccination by the parenteral route. While oral rabies vaccination 
(ORV) of dogs is primarily considered a tool to increase herd immunity, particularly by targeting free-roaming 
and stray dogs, here, we are showcasing an ORV-only approach as an emergency response model. Using a third- 
generation vaccine and a standardized egg-flavored bait, we assessed the effectiveness and vaccination under 
field conditions in the Zambezi region of Namibia. During this trial, with four teams and within four working 
days, 3097 dogs were offered a bait, of which 88,0% were considered vaccinated. Teams managed to vaccinate, 
on average, over 20 dogs/h, despite using a door-to-door vaccination approach. 

The favorable results both in terms of bait acceptance and successful vaccination as well as field applicability 
and effectiveness further support the great potential of ORV in dog rabies control programmes.   

1. Introduction 

Among the various mesocarnivorous and chiropteran rabies reser-
voir hosts [1,2], the domestic dog poses by far the greatest threat to 
global public health [3,4]. Vaccinating at least 70% of the targeted dog 
population against rabies would break the cycle of transmission within 
the dog population and from dogs to humans, saving the lives of several 
tens of thousands of people [5] who fall victim of this horrendous dis-
ease each year, primarily in low income countries in Africa and Asia [6]. 

Experience from Latin America and the Caribbean has shown that 
mass dog vaccinations and public awareness are key to success in the 
fight against canine rabies [7,8]. Therefore, it is not surprising that 
parenteral vaccination with inactivated vaccines is still considered the 
only approach to control canine-transmitted rabies on a large scale. 
However, depending on the socio-cultural background and the resulting 
attitudes towards local dog populations, implementing these 

organizationally costly techniques in resource-poor settings in other 
parts of the world can be extremely challenging. Unfortunately, there 
are hardly any success stories in controlling dog-mediated rabies outside 
the Americas. Achieving an appropriate threshold for herd immunity is 
certainly feasible in general terms [9,10]. However, the question re-
mains to be answered as to how maintenance of herd immunity in 
epidemiologically important subpopulations, i.e., poorly accessible free- 
ranging dog populations, in African and Asian settings can be ensured 
[11–13]. One promising way to address this challenge may be oral rabies 
vaccination (ORV) [13,14]. 

The effectiveness of ORV in combating wildlife-transmitted rabies 
has been impressively demonstrated in western and central Europe and 
North America [15–17]. Although the concept of ORV was also initially 
tested for dogs by evaluating the efficacy of oral rabies vaccines [18–24] 
or the attractiveness and uptake of different baits [25–34], it remains 
unclear why research in this regard has continued at a slow pace. Thus, it 
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is not surprising that oral vaccines have never been effectively used in 
dog rabies control programs and are still an undervalued tool for 
achieving dog rabies elimination [13,14]. 

In a previous field study, we demonstrated high bait acceptance and 
applicability of ORV in the Oshana and Omusati regions of Namibia [35] 
by using vaccine baits consisting of an highly immunogenic [36–39] and 
safe [40,41] oral rabies vaccine and a universal, industrially produced 
egg-flavored bait (egg bait) [28,33,34] that meet international recom-
mendations [42]. The vaccine construct was the first to also demonstrate 
efficacy according to requirements by both World Organization for 
Animal Health (WOAH) and the European Pharmacopoeia in a 
controlled animal experimental study [43]. However, with the excep-
tion of Thailand and Haiti [44,45], field data on the applicability and 
effectiveness of ORV under various socio-economic settings in Africa are 
still lacking. 

Therefore, we set out to implement another ORV pilot field study to 
demonstrate the applicability of this approach in Namibia. Initially, the 
objectives of this study were to compare the effectiveness of mass dog 
vaccination using parenteral vaccines and a combination of the latter 
with ORV in the Zambezi region of Namibia. Veterinary control in-
terventions have been hampered by a number of challenges, incl. 
Transport (availability of 4WD); competing disease priorities (Foot and 
mouth disease, Contagious bovine pleuropneumonia, etc.) and avail-
ability of field staff (not all staff members themselves were vaccinated 
against rabies), so that mass dog vaccination campaigns had been on 
hold since 2017. With cases reported both in animals and humans, we 
therefore initiated this research field study as an ORV-only approach, 
with a view to its application as an emergency response to rabies in-
cidences or outbreaks. 

2. Materials and methods 

2.1. Study sites 

The ORV field trial was conducted in the Zambezi region of Nami-
bia's Northern Communal Areas (NCAs), in rural and suburban com-
munities centered around the city of Katima Mulilo (Fig. 1). The terrain 
covers an area of 14,785 km2 and is mostly made up of swamps, 

floodplains, wetlands and woodland. 
As of the last census the region had a population of almost 91,000 

[46]. The field trial area was selected after consultation with the 
Directorate of Veterinary Services (DVS) considering available infra-
structure and logistics and based on results of a Knowledge, Attitude and 
Practice (KAP) study conducted (unpublished), indicating low vaccina-
tion coverage in certain regions due to a number of constraints (see 
above) and free-roaming hard-to-reach shepherd dogs. In addition, the 
Zambezi region shares a number of international borders with its 
neighbors Zambia, Angola, Botswana and Zimbabwe. As diseases spread 
irrespective of national borders, socio-economic and public health 
consequences are part and parcel. 

2.2. Vaccine baits 

Oral rabies vaccinations were conducted using 3rd generation oral 
rabies virus vaccine (Ceva Innovation Center GmbH, Dessau in Ger-
many), consisting of the SPBN GASGAS vaccine virus strain, a geneti-
cally engineered derivate of SAD L16 derived from the vaccine strain 
SAD B19 which is licensed for foxes and raccoon dogs according to in-
ternational standards (Freuling et al., 2019). The recombinant vaccine 
virus construct is distinguished from SAD B19 by the deletion of pseu-
dogene ψ, the introduction of four recognition sequences for restriction 
enzymes and duplicate insertion of an identical altered glycoprotein 
[47]. The genes encoding for glycoprotein G contain the amino acid 
exchange Arg333 → Glu333 and Asn194 → Ser194 to eliminate residual 
pathogenicity and reduce the risks for compensatory mutations, 
respectively [48]. These alterations significantly enhance the safety 
profile of the vaccine virus [40]. A soft sachet filled with the liquid 
vaccine virus (3 mL, 108.2 FFU/mL) was incorporated in a universal 
industrial manufactured egg-flavored bait (egg bait) previously shown 
to be highly attractive to local free-roaming dogs [35]. 

2.3. Shipment, transportation and storage of vaccine baits 

Vaccine baits were shipped according to IATA guidelines on dry ice 
(UN 1845) directly from the manufacturer to the importing company in 
Windhoek (Swavet, Windhoek, Namibia), using a commercial courier 

Fig. 1. Location in Africa and map of Namibia and the Zambezi region highlighted (red). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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service. After temporary storage, the vaccine baits were cold-chain- 
transported to the field trial area in Zambezi region and stored in a 
central freezer and fridge at the site of the project location. Maintenance 
of the cold chain was monitored and documented using temperature 
data logger and integrated electronic measuring. 

2.4. Vaccination teams 

Four vaccination teams were working simultaneously, with each 
team consisting of at least three DVS staff members (state veterinary 
officer or animal health technician) to share the tasks of driving, 
vaccinating and data collection. Vaccination teams used four-by-four 
pickup trucks equipped with cool-boxes, cooler bags, gloves, trash 
bags hand disinfectants and information leaflets. Immediately prior to 
the field trial, a two-hour introductory workshop was conducted during 
which staff was trained on the objectives of the field trial, oral rabies 
vaccination, vaccine bait handling, safety issues, techniques for 
approaching free-roaming dogs, best practice on offering vaccine baits 
to dogs, and data collection. 

2.5. Vaccinations 

The field trial was carried out at the beginning of the rainy season 
during the second half of November 2022. During this time, vaccinations 
were performed over four full working days. Vaccination campaigns 
were planned in advance and announced via local radio one week ahead 
of the campaign, the evening before and on the morning at which the 
campaigns took place. 

Vaccine baits were transferred to portable cool bags the evening 
before field use, allowing the baits to thaw before they were offered to 
the dogs. Baits left unused at the end of the vaccination day were kept at 
fridge temperatures (4–8 ◦C) and offered to dogs the next day to avoid 
repeated freezing and thawing of vaccine baits. 

In Katima Mulilo, an urbanized community with formal and informal 
settlements, areas were selected for the individual teams and vaccine 
baits were distributed directly from 4WD trucks to free-roaming dogs 
during morning vaccination sessions between 07:00–09:00 a.m. Vacci-
nation in other parts of the Zambezi region took place between 10:00 am 
and 5:00 pm and were conducted both at individual homesteads or 
villages where visually identified dogs were targeted. Dog owners were 
informed about ORV using a leaflet with ORV related information pro-
vided in both the official (English) as well as the local (Lozi) language 
that also contained an emergency contact phone number in case of any 
adverse events. Also, a rabies vaccination card for the dog was offered 
upon request. If possible, discarded baits or sachets were retrieved, 
collected in trash bags and disposed of as infective materials according 
to prevailing regulations on hazardous waste. Team debriefings and 
daily evaluations were held at the end of each vaccination day. 

2.6. Data collection and vaccination monitoring 

For collection of vaccination and survey data as well as project 
management, e.g. navigation within demarcated boundaries, sharing 
real-time team locations during roaming work and survey assessment 
(supplementary file), a smartphone application including the WVS web- 
based backend platform was used essentially as described [35,49]. 

2.7. Evaluations and statistical analysis 

Animals were regarded as successfully vaccinated via the oral route if 
bait chewing and intensity (thoroughness) was observed and/or perfo-
ration of the sachet clearly visible. Any dog that swallowed the bait 
immediately, or walked away with it and could not be observed, or 
insufficiently chewed the bait without visible perforation of the sachet, 
was assigned an ‘unknown’ vaccination status. The status ‘non-vacci-
nated’ was assigned if the dog was not interested, the bait was only 

shortly taken up and immediately dropped with the bait casing and 
sachet still intact, or bait consumption was interrupted by external 
factors (interference by other dogs, humans, cars, etc). 

Data were uploaded daily to a cloud-based server and downloaded 
by evaluation supervisors as an Excel document Microsoft Excel 2013 
(Microsoft Corporation, Redmond, WA, USA) for initial review. Subse-
quent analyses were performed using GraphPad Prism v9.0 (GraphPad 
Prism Software Inc., San Diego, USA). Spatial information was analyzed 
and displayed using QGIS Geographic Information System (QGIS.org, 
2022.http://www.qgis.org). 

2.8. Ethical and legal considerations 

The ORV field trial was planned in close cooperation with the 
Namibian Directorate of Veterinary Services (DVS) within the Ministry 
of Agriculture, Water, Forestry and Land Reform (MAWLR). Import 
approval of the vaccine was conducted as described before [35]. 
Approval of the oral rabies field study in the Zambezi region and its 
ethical clearance was afforded in August 2022 by the chief veterinary 
officer of the Republic of Namibia in agreement with the registrar of the 
medicines at the Namibian Medicines Regulatory Council. 

3. Results 

Since the last rabies mass dog vaccination campaign was held in 
2017, dog owners appreciated the possibility to have their dogs orally 
vaccinated and were extremely positive regarding the use of oral baits. 
Using ORV only, we distributed a total of 3097 baits in four days. 

In various urban and suburban parts of Katima Mulilo, 750 dogs were 
offered a bait during the four days at vaccinations during morning hours 
(Fig. 2 A). Additionally, the morning after the 4 days officially scheduled 
for the field trial, 115 baits were distributed from two teams at vacci-
nation rounds between 05:30 a.m. – 6:30 a.m. in previously omitted 
areas of Katima Mulilo. 

In rural parts of the Zambezi region, 2347 baits were distributed, 
covering mostly areas accessible by roads (Fig. 2B). 

While in rural areas using door-to-door vaccinations, 93.1% of dogs 
offered a bait were considered vaccinated, in urban areas this was 83.1% 
(Fig. 3A). Thus, we successfully vaccinated at least 2725 dogs in just four 
days with four teams. The vaccination efficiency was slightly higher in 
urban areas with a mean of 25.2 dogs orally vaccinated per hour and 
team as opposed to rural areas with 22.1 dogs vaccinated per hour and 
team, while both was higher than during parenteral vaccinations in the 
Oshana region at central points (Fig. 3B). 

4. Discussion 

Similar to other areas in developing countries, the Zambezi region of 
Namibia faces many challenges to development, e.g. an increasing 
population, and under-resourced public services, including veterinary 
and public health. Rabies is one of the burdens for the society with cases 
reported in animals and humans [50]. Veterinary control interventions 
have been hampered by a number of challenges, incl. Transport (avail-
ability of 4WDs); competing disease priorities (FMD,CBPP, etc.) and 
availability of field staff (not all staff members themselves are vacci-
nated against rabies), so that mass dog vaccination campaigns have been 
on hold since 2017. While the initial plan was to conduct ORV as a 
supplement to parenteral MDV, under these setting we initiated ORV- 
only as a research study, but also as an emergency response to a given 
rabies outbreak. The results of this field trial confirm the high accept-
ability of this method and the attractiveness of the egg-flavored bait. 
Interestingly, the percentage of dogs being assessed as vaccinated was 
>81%, higher than seen in other parts of Namibia [35], even without 
using additional gravy. Without any central point vaccinations and with 
an average distance travelled per team of 250 km per day, individual 
teams vaccinated >20 dogs/h on average (Fig. 4). This confirms similar 
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data from an emergency vaccination in Windhoek, Namibia (supple-
mentary file). Compared to parenteral vaccinations [51]., the effec-
tiveness was much higher than encountered in the initial pilot phase of 
mass dog vaccination in the Oshana region of the NCAs (Fig. 4B). 
Currently ORV is considered only as a complementary tool to parenteral 

vaccination, particularly to increase herd immunity in hard-to-reach 
dogs. However, the results of our field data show that “complemen-
tary” could be widely interpreted to any situation and circumstance 
where this tool offers advantages to traditional parenteral vaccination, 
be it for epidemiological reasons or costs. While the cost of the vaccine is 

Fig. 2. A) Distribution of baits offered at four days during urban vaccinations. Dogs considered vaccinated are displayed as green dots (N = 624), dogs with an 
unknown status are displayed blue (N = 98) and non-vaccinated dogs (N = 28) are displayed as black dots. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 3. Display of vaccinations and human settlements in the Zambezi-region, overlayed with a 4x4km grid. Insert: Estimation of vaccination coverage in grid cells 
with ORV using population counts from High Resolution Population Density Maps and a human:dog ratio of 5. 
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a minor component for parenteral vaccination campaigns [45], using 
the costs for rabies vaccinations in Namibia (Supplementary file) this 
benefit is only valid if >85 dogs are vaccinated per team and day 
(Fig. 5). If numbers, like in our case, of >188 dogs/team are vaccinated 
per day, even with higher costs for the vaccine, this approach would be 
more cost effective than the currently used parenteral vaccination. 
While we could not assess ORV in comparison with a combined 
approach, it was shown in Haiti, that the combination of door-to-door 
vaccinations and ORV increased the effectiveness and reduced the 
price per dog vaccinated [45]. 

Unlike the previous field trial where large parts of the costs were 
incurred by establishing a central cold storage [35], here we used 
available storage capacities at the accommodation. Such approach is 
feasible if baits are to be used in a relative short time frame of a few 
weeks. Also, we used cheap cooling bags in the front of the car where 
temperatures we cooler due to air conditioning and never exceeded 
critical thresholds as demonstrated by data loggers (Supplementary 
material). 

Another aspect for planning and conducting of ORV vaccination 
campaigns is the flexibility and independence. Training in ORV distri-
bution and data-capturing was reduced to two hours based on previous 
experiences [35]. DVS-staff were employed for vaccination but it would 
not be a prerequisite to use veterinary personnel but also laymen under 
veterinary supervision. Whilst authorities and communities were 
generally informed prior to the vaccination campaign, no central points 
were communicated regarding the presentation of dogs for oral vacci-
nation. This reduced the efficiency of the campaign, but it allowed for 
flexibility in conducting the vaccinations. For instance, owner consent 
was not required and specific oral vaccination certificates for dog 
owners were only provided upon request, in our case, for <10% of dogs 

vaccinated. Nevertheless, the use of central points for vaccination at 
village level under the ORV approach may further increase effectiveness. 

Generally, involvement of all stakeholders is essential to create e.g. 
awareness and change behaviors, however, this inclusive approach has 
the potential to delay agreements and arrangements, slow down the 
actual dog ORV campaign and thereby creates additional costs. It is, of 
course, in the hands of countries' authorities and NGOs to establish 
which method or combination may be more effective under particular 
circumstances that may differ from country to country. Besides effec-
tiveness, the overarching goal is to increase the level of herd immunity. 
During this field trial, we were restricted regarding the amount of baits 
and time available for vaccination. Therefore, we did not anticipate to 
reach an overall high vaccination coverage. However, when using 
gridded human population data as a proxy for dog population, we 
reached higher values than for MDV in the Oshana region [52]. In 
subsequent studies or field applications, it is envisaged to use mobile 
phone based or external GPS tracker, so that areas that were covered but 
without dogs could be identified. 

Other limitations to our study are the timing of the campaign at the 
beginning of the rainy season. This complicated the accessibility of 
certain communities in rural areas and streets in Katima Mulilo and also 
decreased the number of available dogs for vaccinations since they were 
partly accompanying their owners to the cattle grazing areas in the wet 
plains. Public announcement via radio was undertaken, but we under-
stood that additional notification using loud-speakers would increase 
compliance to present dogs for vaccination. Similarly, as with previous 
dog vaccination campaigns [51], school children, presenting dogs for 
vaccination, should be involved, preferentially during holidays. The 
planning and subsequent implementation of this field trial would have 
been impossible without the use of geographical information systems 
and mobile technology, as outlined before [10]. The employed mobile 
phone technology not only enabled the systematic direction of vacci-
nation teams in the field, but equally allowed for rapid assimilation and 
analyses of data, so that team debriefings could be undertaken via mo-
bile communication. The use of mobile phone technology principally 
enables the gathering of much more information more easily for sub-
sequent assessments, e.g. of vaccine uptake or other epidemiologically 
interesting aspects [35]. In this study, however, we restricted the 
number of data entries to a minimum (see supplementary file), partly, 
because some questions to ORV had already been answered [35], and 
also to balance between more data analyses and a more realistic effec-
tiveness of the method. For instance, based on the data on vaccination 
success using the egg-flavored bait, under these setting the simple bait 
distribution would be sufficient to derive vaccination data. 

In the framework of this field trial, vaccine exposure to humans that 
would require intervention did not occur and corroborates previous 

Fig. 4. Vaccination assessment (A) and team efficiency (B) for ORV stratified per location, i.e. the rural Zambezi region where door-to-door (D2D) was performed, 
and urban Katima Mulilo, were free-roaming dogs were baited directly from the car. Additionally, the per team performance in Oshana is shown, where vaccines were 
give parenterally at central points (CP). 

Fig. 5. Display of the dynamic range of costs per dog vaccinated depending on 
the number of dogs vaccinated per team and day, and the use of oral vacci-
nation compared to parenteral vaccination. 
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results [35]. Unused baits were retrieved when possible, i.e. the 
handout-and-retrieve model was only partly used. Sporadically, baits 
were provided with detailed instructions on their use for dog owners 
that presented without their dogs. This may seem to increase the risk of 
an unintentional human contact with the vaccine, but was jointly 
considered negligible against the background of the high safety profile 
of this vaccine construct [42,53]. 

5. Conclusions 

The acceptance of the method was overwhelming, and communities 
not reached during this study requested DVS to also vaccinate their dogs. 
Therefore, members of the Namibian DVS vaccinated a further 315 dogs 
during the following three days. The results of this field trial add to the 
body of evidence that ORV has the potential to be decisive tool in the 
fight against dog-mediated rabies. 
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