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Introduction: The zero by 30 initiative aims to eliminate dog-mediated human rabies by 2030, for which dog vaccination is a crucial pillar. This study piloted four different dog vaccination campaign strategies in Kyegegwa, a rural district in Uganda, where rabies is endemic, and compared the vaccination coverages achieved by the strategies.

Methods: Four vaccination strategies were rolled out, each in three parishes from different sub-counties: (i) static point vaccination (SP), (ii) school-based (SB, i.e., information campaigns were mainly conducted at schools and vaccination was done at the school during weekends), (iii) integrated dog with livestock vaccination (D-L), and (iv) integrated dog vaccination with human health services (D-H, One Health approach). Vaccination coverage was estimated using transect and household survey data, analyzed with a Bayesian model that estimated, besides the vaccination coverage, the dog population size and the proportion of ownerless dogs for each dog population.

Results: The mean vaccination coverage achieved among the owned dog population across the three parishes for each respective strategy was 29.5% for SP strategy (the model converged in one parish only), 53.9% (range 27.4–79.5%) for SB, 66.2% (range 53.5 and 86.0%) for the D-L, and 74.5% (range 63.7 and 88.4%) for D-H. The mean proportion of ownerless dogs in the villages investigated was estimated at 0.1% for the parishes with SP strategy, 7.0% (range 0.1–20.8%) for SB strategy, 29.7% (range 0.5–88.1%) for D-L, and 7.9% (range 0.3–17.7%) for D-H strategy villages.

Discussion: The strategy integrating dog vaccination with human health services outperformed the other strategies by achieving the highest mean vaccination coverage and reaching a constantly high coverage of above 60% for all the three parishes of that strategy. This demonstrates the potential of the human-animal integrated D-H vaccination strategy as an effective approach for rabies control. Sensitization strategies for dog owners also depended in the vaccination strategy performed, i.e., spread of information through health centers for the D-H strategy, which is part of the success of this strategy. The study needs to be taken as a pilot, because of limitations such as different settings between the sub-counties. Further testing across diverse settings can help assess integrated dog vaccination strategies’ consistency and scalability, providing valuable insights for developing a One Health model to strengthen future rabies elimination efforts.
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Introduction

Rabies is a viral zoonotic disease that causes progressive encephalitis and leads to death once symptoms occur (1). Globally, rabies is estimated to cause approximately 59,000 human deaths annually, of which 99% are dog-mediated (2). The World Health Organization (WHO) estimates that about 40% of rabies deaths occur in children below 15 years (3). In Uganda, 14,865 animal bites were officially recorded between 2015–2020, 90% of which were bites from dogs (4). In addition, 36 human deaths from suspected rabies were recorded during the same period (4). Most likely, as in other regions, these records are largely underreported. Historical surveillance data between 2001 and 2015, shows that most exposures in Uganda occur in the Central and Northern regions, where each accounts for 27% of reported animal bite injuries, with the Northern region also recording the highest bite incidence of 76 per 100,000 population (5).

In 2015, the WHO, the World Organization for Animal Health (WOAH), the Food and Agriculture Organization of the United Nations (FAO) and the Global Alliance for Rabies control (GARC) launched the “zero by 30” goal to eliminate dog-mediated human deaths by 2030 (6). Public awareness on rabies, post-exposure prophylaxis (PEP) in humans after exposure to a suspected rabid animal, and dog mass vaccination are crucial pillars of the strategy to reach this goal (7–9). Empirical and simulation studies in several regions, including Africa, have repeatedly shown that a 70% vaccination coverage of dogs is effective for the elimination of rabies from canine populations (10–12). However several studies have reported failure in achieving such vaccination coverage, especially in Sub-Saharan Africa, caused by lack of availability and affordability of vaccines, low political priority, and technological challenges (12–15).

Most dog vaccination campaigns use static points or door-to-door strategies. Some studies have demonstrated that door-to-door strategy can reach a higher coverage, however it demands substantial logistical effort and is expensive to roll out (16, 17). Development and testing other approaches to supplement these vaccination campaigns are expected to increase vaccination attendance (16). Earlier studies in Chad tested combined animal and human vaccination approach among nomadic pastoralists for diseases other than rabies (18, 19). These campaigns revealed that the approach was successful regarding vaccination coverage in both humans and animals, and less expensive as compared to separate interventions. In addition, it was shown that the integrated approach better involved community members, which increased the level of trust for both, vaccination of children and livestock (18, 20). Similarly, a study in Tanzania revealed lower costs for integrated health delivery services, such as anthelmintic treatments for school children combined with rabies vaccination in dogs, compared to offering the two services separately (19). Integrating vaccination campaigns between dogs and livestock has also been discussed. For example, the WOAH strongly encourage countries to implement vaccination programs against Peste des Petits Ruminants (PPR) and rabies (20). It is important to explore the potential for integration of these vaccinations.

In Uganda, where nearly 90% of the population reside in rabies endemic communities (21), dog vaccination campaigns against rabies use static or DTD strategies (4, 17), and have been conducted inconsistently across districts depending on districts’ capacities and logistical hindrances and with varying vaccination coverages reached (21–23). In 2022, the country validated its National Rabies Elimination Strategy (2022–2030), adopting a One Health approach in line with the global “Zero by 30″ goal. Key components include annual mass dog vaccination campaigns, improved access to PEP, strengthened rabies surveillance and diagnostics, and community awareness initiatives (24). The Ministry of Animal, Agriculture, Industry and Fisheries (MAAIF) procures approximately 500,000 rabies vaccine doses annually for dogs and distributes them to districts on request free of charge. However, the country wide dog vaccination coverage was estimated as low as 10% (4), attributed to operational challenges, limited resources, low political prioritization, distances involved and low public awareness and demand, depending in the region (4, 17). Integrated strategies as used in other countries may also be successful to increase vaccination coverage for rabies in Uganda.

In the present study, we aimed at piloting four rabies vaccination campaign strategies for dogs in Kyegegwa district in rural Uganda: the static point (SP) strategy, plus three more innovative strategies, i.e., school-based (SB), integrated dog with livestock vaccination (D-L) and integrated dog vaccination with human health services (D-H). We compared the success of the pilot vaccination strategies by estimating the coverage reached. In addition, the methodology applied allowed us to estimate the dog population size and the proportion of ownerless dogs in the villages under investigation.



Materials and methods


Study area and setting

The study was conducted in Kyegegwa district, a rural area located in the Mid-Western part of Uganda. According to the last national population and housing census conducted in 2024, the district has approximately 501,000 inhabitants (25). Most inhabitants across the district carry out economic activities of mixed farming and small-scale trading and have a range of cultural and religious backgrounds. There is no published data on dog population and rabies situation in the district, however unpublished estimates from the district veterinary office indicated that the district has approximately 25,000 dogs with about 300 dogs per parish and 25 dogs per village. Additionally, approximately three suspected rabies dog bites are reported every month to the veterinary office, some of which human victims succumb to rabies.

The study was conducted between March and September 2023 in 12 parishes from four sub-counties, i.e., Nkanja, Ruyonza, Kyatega and Mpara Town Council. Nkanja has two public health facilities (26), with Bujubuli HCIII as a major health facility that has an active community health outreach program for human health services such as immunization, serving close to 24% of the refugees in Kyaka II (27). Bujubuli HCIII is located in Bujubuli parish, which was included in our study with a large proportion of refugees. Ruyonza is located in the cattle corridor of the district, and predominantly occupied by the Bahima tribe, who mainly are cattle keepers for livelihood. Kyatega has many schools including 17 primary and one secondary schools (28, 29). Mpara Town Council has mixed background, urban and peri-urban. Therefore, the sub-counties were purposively selected based on either having a high number of schools (Kyatega), livestock (Ruyonza), reported rabies cases (Mpara Town Council), or public health facilities with active community outreaches (Nkanja), respectively, linked to the four campaign strategies to be investigated. The three parishes within each sub-county were randomly selected (Figure 1).
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FIGURE 1
 A map of Uganda showing the four selected sub-counties with the names of the 12 selected parishes in Kyegegwa district for a dog vaccination campaign study against rabies in 2023.




Four dog vaccination campaign strategies

Four different dog vaccination strategies were piloted in the 12 selected parishes, namely (i) static point vaccination (SP), (ii) school-based vaccination (SB), (iii) integrated dog with livestock vaccination (D-L) and (iv) integrated dog vaccination with human health services (D-H). Each of the strategies was conducted in the selected three parishes of the same sub-county. The decision to implement a specific strategy in a sub-county, as well as the selection of the specific study sites and vaccination points in each parish, was preceded by consultative discussions with key stakeholders, including representatives from the District Health Office, District Veterinary Office, District Education Office and the community. The message of dog vaccination to the public was first announced at the launch event for the dog vaccination in Kyegegwa town in March 2023, followed by a radio announcement diffused within the entire district.

The SP strategy was conducted in Mpara Town Council at five vaccination points in March–April 2023 during weekdays (Supplementary Table S1). Dogs were brought for vaccination by dog owners (adults or children) to a static vaccination point that was defined by the local authorities. Mobilization and information sharing about vaccination were done through the local council chairpersons, churches and house-to-house three to 5 days in advance of the campaign.

The SB strategy was conducted in Kyatega subcounty at 17 vaccination points, in June 2023 (Supplementary Table S1). Sensitization on rabies and its prevention was conducted in schools by the research team. The researchers shared the vaccination schedule with the teachers and the teachers shared the schedule with pupils and asked them to communicate to their parents and guardians. In addition, the researchers shared the schedule with the local council chairperson, and community health workers who supported the mobilization and sensitization. On the vaccination day, either parents or pupils brought the dogs to the vaccination point. This strategy was organized only on weekends when the school children had no classes.

The D-L strategy was conducted in Ruyonza sub-county at eight vaccination points in March–April 2023 during weekdays (Supplementary Table S1). Dog vaccination was carried out at the time when routine livestock vaccinations were conducted, for example, against foot and mouth disease (FMD) or Peste des Petits Ruminants (PPR). Sub-county veterinary officers were contacted and the livestock vaccination schedule consulted. Upon reaching consensus to integrate dog and livestock vaccination, the area veterinary officer communicated to the dog and livestock owners through the local council chairpersons the days and farms of integrated livestock (PPR or FMD) and dog (rabies) vaccination. Dog owners in the surroundings brought the dogs close to the respective farms.

The D-H strategy was conducted in Nkanja sub-county at 13 vaccination points in June–July 2023 during weekdays (Supplementary Table S1). Dog vaccination campaigns were carried out at the time and place where the healthcare workers conducted routine health services like children’s immunizations, nutrition assessments, and health sensitizations campaigns. Bujubuli Health Centre III, which offers health services in the parishes involved was consulted and dates of outreach health services were obtained. The schedule of the children vaccination planned in the selected parishes was shared with the local council chairpersons and village health teams. They then mobilized the dog owners by door-to-door information to participate in the vaccination campaigns, and using posters at places of convergences like in trading centers and at churches. In addition, the healthcare workers of the health center supported in the mobilization by communicating the upcoming dog vaccination to the communities during their outreach activities. On the vaccination day, the dogs were brought to sites nearest to the human health services outreach site.



Organization of the vaccination campaigns

The vaccination team comprised of one veterinarian from the respective sub-county, employed by the Kyegegwa district local government, vaccinating the dogs and issuing the certificates. In addition, a member of the research team collected data and marked dogs, and a site-specific community mobilizer supported communication.

The vaccination campaigns targeted dogs, however in case a cat was presented, it was also vaccinated. The vaccination was free of charge for the owners. All animals 3 months and older were considered for vaccination. Each animal was registered to capture information on species, name, sex, age, village of residence, owner’s name, rabies vaccination history, number of dogs the person keeps, and age category of the person brought the animal for vaccination. The information was recorded digitally using the Worldwide Veterinary Service (WVS) application,1 and on hard paper by the district personnel for purposes of record keeping and accountability. Each dog received 1 mL of Nobivac® vaccine subcutaneously around the neck or the thigh. A nose-mouth muzzle was used if needed on the dog during vaccination to protect the vaccinator and dog handler from bites. Nonetheless, an emergency safety kit was present. The vaccines were obtained through the district vaccine requisition system, kept at the district in the vaccine fridges, and were carried to the vaccination site using vaccine carriers which contained ice packs to maintain temperatures between +2 and +8 °C.

Upon vaccination, each dog was marked on the head, neck and on flanks using an animal marking crayon for easy identification during post-vaccination surveys. A certificate indicating the date for the next vaccination, with dog and owner details, including a barcode for the vaccine was offered to the owner for each vaccinated animal. The campaign was supervised by district officials and a team of researchers who ensured that supply of consumables such as, syringes, vaccines, nose muzzles and crayon markers, was done timely.



Post vaccination data collection

To determine the vaccination coverage, estimation of the total dog population, and proportions of ownerless dogs in all the surveyed sites, a capture-recapture method as previously piloted by Kayali et al. in N’Djamena (30), and later used to evaluate coverage of large-scale mass-vaccination in the same town (14) was used. This approach combines two datasets, one collected during transect walks, and one during a household survey. Villages with at least five dogs vaccinated during the campaigns were selected for the surveys.

Two teams each comprising of one to two researchers and one local official walked along the predefined transect lines in the morning from 08:00–10:00 h and evening from 16:00 to 18:00 h the day after the vaccination campaign. Using the WVS application, the area to be covered by the transect was recorded as a polygon, and transect lines were drawn with the polygon following main routes as well as in routes passing through areas with concentrated households (Supplementary Figure S1). The proportion of the polygon area covered by observation was calculated by dividing the total length of the transection lines times 100 m (assuming that observation was done 50 m to each side of the transect line) by the area of the polygon. The two teams started from the start and end point in the transect line, respectively, moving in opposite directions. During the walks, they counted every dog seen and noted whether the dog had a mark (implying vaccinated) or not (implying unvaccinated), and whether the dog was sighted on the street or in the compound, providing insights regarding dog confinement. This data, together with the actually walked paths, was captured digitally using the transect survey module of the WVS application.

On the same day of the transect walks, a household survey was conducted in all households of the respective village. The following information was collected during interviews that lasted about 10 min each: whether people keep dogs, how many dogs are kept, how many dogs they had vaccinated during the current vaccination campaign, reasons for non-vaccination, whether their dogs roamed or were always confined, and if they see unowned dogs around their homes. The questionnaire was written in English, and where needed, translated orally during the interview into the local language Rutooro. This data was captured digitally in the household survey module of the WVS application.



Data management and analysis

To ensure data quality, data was checked for accuracy, completeness, and consistency on the evening of each fieldwork day, and corrected if needed. The data from the WVS application was downloaded in comma-separated value (CSV) format. Descriptive statistics were performed on the vaccinated dogs and data collected during the transect and household surveys to describe the study population reached by vaccination. R version 4.4.1 was used for the descriptive analysis (31).

A Bayesian model as previously used in Chad was applied to estimate the vaccination coverage amongst the dog population, the total dog population size, and the proportion of owned to unowned dogs (30, 32) (Supplementary material S1). Prior information on the confinement probabilities for owned and unowned dogs, as well as recapture probabilities of dogs during the transects was assumed to be the same for all villages. Values of the prior information for dog confinement as well as for the proportion of ownerless dogs were taken from an earlier conducted study in Chad (32) (Supplementary Table S2). The model analysis was conducted at parish level, by summing up the data collected during the transect walks and household surveys from the villages in the respective parish. The data included into the model for a parish consisted of the total number of dogs vaccinated within the villages investigated in the respective parish, the numbers of marked and unmarked dogs collected, separated for the morning and evening transect walks, as well as the number of vaccinated and unvaccinated owned dogs recorded during the household survey (Table 1), and their confinement rate.


TABLE 1 Number of vaccinated dogs during dog vaccination campaigns in 12 parishes in Kyegegwa district, Uganda, the number of marked (i.e., vaccinated) and unmarked (i.e., unvaccinated) dogs observed during transect walks, and dogs found in households the day after the vaccination campaigns.


	Subcounty and Parish
	No. dogs vaccinated*
	Morning transect route
	Evening transect route
	Household survey



	No. of marked dogs
	No. of unmarked dogs
	No. of marked dogs
	No. of unmarked dogs
	No. marked dogs in the households
	No. unmarked dogs in the households

 

 	Mpara town council: static point (SP)


 	Mpara central 	8 	0 	27 	3 	17 	1 	4


 	Kisambya 	7 	6 	3 	0 	1 	11 	1


 	Bugido 	39 	13 	7 	3 	9 	13 	10


 	Kyatega: School-based (SB)


 	Kyatega 	124 	3 	7 	2 	16 	14 	40


 	Nkomangani 	95 	14 	2 	11 	0 	7 	7


 	Katamba 	44 	6 	7 	4 	5 	12 	3


 	Ruyonza: integrated dog with livestock vaccination strategies: D-L


 	Kisagazi 	18 	9 	7 	2 	2 	4 	3


 	Karwenyi 	29 	0 	2 	9 	2 	7 	1


 	Kijongobya 	42 	9 	35 	0 	0 	13 	12


 	Nkanja: integrated dog vaccination with human health services: D-H


 	Bujubuli 	159 	14 	16 	17 	16 	37 	15


 	Kakoni 	33 	1 	4 	0 	0 	9 	1


 	Kyabirikuya 	28 	4 	6 	8 	6 	12 	7


 	Total 	626 	79 	123 	59 	74 	140 	104





*Indicates the number of dogs vaccinated in the villages where the transect walks and household surveys were conducted.
 

The model was implemented in OpenBUGS software.2 For each analysis at parish level, three chains of the simulation were run independently for 100,000 iterations after an initial burn-in of 50,000 iterations and a thinning of 10 iterations, leading to a sample of 300,000 iterations. The posterior values of the outcome variables together with 95% credibility intervals were obtained using Markov chain Monte Carlo simulation (33). Outcome variables contained, on parish level, the vaccination coverage amongst the entire dog population and amongst the owned dog population, the dog population size, as well as the proportion of ownerless dogs in the observed dog population in the streets. A sensitivity analysis was performed to investigate the influence of the prior values on the posterior estimates. One parish was chosen randomly from each of the four strategies and the priors for the uniform distribution (pmin-pmax) for the recapture probabilities during transect (originally pmin = 0.056; pmax = 0.54) were varied with values of 0.01 and 0.1 for pmin and 0.6, 0.8 and 0.99 for pmax, resulting in the six combinations of pmin-pmax of (0.01/0.6 0.01/0.8, 0.01/0.99,0.1/0.6, 0.1/0.8, 0.1/0.99). Similarly, the prior values for the means (m1, m2) and standard deviations (s1, s2) of the confinement probability of the marked dogs (originally m1 = 0.286, s1 = 0.1) and the unmarked dogs (originally m2 = 0.196, s2 = 0.1) were varied with values of (m1/s1 with 0.1/0.1, 0.3/0.2 and 0.5/0.2).



Ethical approval and consent to participate

The study was approved by the Uganda National Council for Science and Technology (UNCST) (HS3463ES) and the Makerere University School of Public Health Research Ethics Committee (MakSPH-REC, approval number 187). Additionally, official permission for data collection at the district and parish levels was obtained from the responsible authorities.




Results


Descriptive statistics of study population


Animals vaccinated during the vaccination campaigns

In total, 890 animals were vaccinated, 850 (95.5%) dogs and 40 (4.5%) cats, out of which 552 (62.0%) were males, 298 (33.5%) were females, and for 40 (4.5%) sex was not recorded. All 890 animals were 3 months old or above (according to the owners’ reports) at the time of vaccination. Of the females, 230 (77.2%) were non-pregnant, 34 (11.4%) were pregnant, 30 (10.1%) lactating, and 4 (1.3%) had unknown pregnancy status (owners were not sure and no visible signs of pregnancy noted during vaccination). In total, 116 (13.0%) of the animals were brought to the vaccination sites by children aged 15 years and below, while 768 (86.3%) were brought by adults above 15 years, and for 6 owners (0.7%) their age bracket was not recorded. Ninety-eight (11.5%) of the dogs presented to the vaccination site had been previously vaccinated against rabies, 702 (82.6%) had never been vaccinated, while the previous vaccination status of 50 (5.9%) dogs was unknown according to the owners.

The number of dogs vaccinated during the SP strategy was 152 in five sites (Supplementary Table S1). In the SB strategy, 17 sites were used reaching a total of 292 vaccinated dogs. During the D-L strategy, 124 dogs were vaccinated in 8 sites, and in the D-H strategy 282 dogs were vaccinated in 13 sites.



Dogs observed during transect walks and household survey

The villages that contributed more than five dogs at vaccination sites for vaccination were counted and included in the survey as follows; 7/24 (29.2%) for the SP strategy, 9/16 (56.3%) for the SB, 7/12 (58.3%) for the D-L, and 15/22 (68.2%) for the D-H strategy. In total, 626 (73.6% of all dogs) were vaccinated within the villages that were used to estimate vaccination coverage, i.e., where the transects and household surveys were conducted (Table 1).

The proportion of the area covered by the transect walks ranged between 1 and 100% (median 33%, interquartile range 26–50%). The number of total dogs sighted during the morning transect walks (n = 202) was higher than during the evening transect walks (n = 133). Among the 335 dog sightings, 138 (41.2%) were marked, indicating they had been vaccinated during the performed study, while 197 (58.8%) were unmarked. Notably, a larger number of dog sightings (179, 53.4%) were observed within household compounds, compared to the 156 sightings (46.6%) recorded on the streets (Supplementary Table S3).

A total of 608 households were visited in the household survey, with 153 (25.2%) of them keeping dogs. The proportion of dog-owning households is higher in Mpara Town Council compared to the other sub-counties, which have a comparable proportion of households with dogs (Table 2). In total, 274 dogs were found in these households, leading to a mean of 1.82 dogs per dog keeping households (median = 1.0, min = 1, max = 9), although data on the number of dogs kept from 25 owners was missing. The number of dogs per dog-owning household is similar for all sub-counties (Table 2). The overall dog:human ratio within the interviewed households was estimated at 1:3.4 (95% C. I. 1:3.1–1:3.8), and differed between sub-counties, with a decreasing ratio from Kyatega, Nkanja, Ruyonza to Mpara Town council (Table 2). Amongst the 274 dogs found in the households, 140 (57.4%) were marked and 104 (42.6%) were not marked during the household survey (Table 1).


TABLE 2 Comparison of dog keeping characteristics between the four sub-counties involved in a dogs vaccination study in the district of Kyegegwa, Uganda.


	Sub-county
	No. households
	No. households with dogs
	Proportion of households with dogs (estimate, 95% C. I,)
	Median (min-max) no. dogs per Household
	Human population in households
	Dog population in households
	Dog-human ratio estimate (95% C. I.)

 

 	Nkanja 	164 	37 	22.6 (16.5–30.0) 	2 (1–6) 	216 	81 	1:2.7 (1:2.3–1:3.2)


 	Mpara town council 	160 	59 	36.9 (29.5–44.9) 	1 (1–6) 	380 	60 	1:6.3 (1:5.0–1:8.1)


 	Ruyonza 	159 	29 	18.2 (12.7–25.3) 	2 (1–8) 	198 	54 	1:3.7 (1:2.9–1:4.7)


 	Kyatega 	125 	28 	22.4 (15.6–30.9) 	2 (1–9) 	153 	83 	1:1.8 (1:1.6–1:2.2)




 

In 85 (55.6%) of the households which had dogs, some or all dogs were not taken for vaccination. Several reasons for non-participation were indicated: 21 (24.7%) reported that they had not been informed about their campaign, five (5.9%) had no means of transport, five (5.9%) had very young puppies, and three (3.5%) had too aggressive dogs. However, the majority (48.2%, n = 41) did not mention any reasons for not taking their dogs for vaccination.




Estimation of vaccination coverage and dog population size

The dog vaccination coverage amongst the owned dog population across the parishes ranged between 27.2% in Kyatega, Kyatega sub-county applying the SB strategy, and 83.8% in Karwenyi, Ruyonza sub-county, applying the D-L strategy (Table 3). The proportion of ownerless dogs across parishes ranged between 0.1% in Kyatega, Kyatega sub-county, and 81.1% in Kijongobya, Ruyonza sub-county. This reduced the vaccination coverage amongst the entire dog population to 27.2% in Kyatega subcounty (SB) to 83.8% in Karwenyi subcounty (D-L). The dog population size per parish was estimated between 30 dogs in Kisagasi, Ruyonza sub-county, and 453 dogs in Kyatega, Kyatega sub-county (Table 3). In Mpara Town Council and Kisambya parishes, the Bayesian model did not converge, because the number of vaccinated dogs found during the household surveys was higher than the number of vaccinated dogs recorded during the campaign. Thus, only data from Bugido parish is presented.


TABLE 3 Estimates of the overall dog vaccination coverage, vaccination coverage amongst the owned dogs, dog population size, and proportion of ownerless dogs amongst 10 parishes in four sub-counties in Kyegegwa district, using four different strategies.


	Sub-country (strategy) Parish
	Overall vaccination coverage (%)
	Vaccination coverage amongst owned dogs (%)
	Total dog population size estimate
	Percentage of ownerless dogs in dog population (%)



	
	Estimate (95% credibility interval)
	Estimate (95% credibility interval)
	Estimate (95% credibility interval)
	Estimate (95% credibility interval)

 

 	Static point (SP)*


 	Bugido 	29.3 (26.2–32.9) 	29.5 (26.6–33.0) 	132.4 (118.1–146.8) 	0.1 (0–5.7)


 	Mean 	29.3 	29.5 	132.4 	0.1


 	Kyatega (School-based: SB)


 	Nkomangani 	54.6 (50.7–59) 	54.8 (51–59.1) 	173.4 (160.7–186.1) 	0.1 (0–3.3)


 	Katamba 	66.3 (42.4–79.3) 	79.5 (72.9–87.9) 	55.4 (50.1–60.4) 	20.8 (0–96.1)


 	Kyatega 	27.2 (25.6–28.5) 	27.4 (26.3–28.6) 	452.6 (433.2–471.8) 	0.1 (0–5.9)


 	Mean 	49.4 	53.9 	227.1 	7.0


 	Ruyonza (integrated dog with livestock vaccination strategies: D-L)


 	Kijongobya 	29 (25.2–38.9) 	53.5 (49.0–58.8) 	78.5 (71.4–85.8) 	88.1 (35.4–100)


 	Kisagazi 	57.5 (48.2–65.6) 	59.2(51.7–68.9) 	30.4 (26.1–34.8) 	0.5 (0–27.0)


 	Karwenyi 	83.8 (71.8–91.2) 	86 (78.6–94.9) 	33.7 (30.6–36.9) 	0.6 (0–22.8)


 	Mean 	56.8 	66.2 	47.5 	29.7


 	Nkanja (integrated dog vaccination with human health services: D-H)


 	Bujubuli 	67.3 (50.9–72.9) 	71.3 (68.7–74.2) 	222.9 (214.4–231.3) 	5.7 (0–40.9)


 	Kakoni 	75.7 (46.7–87.5) 	88.4 (80.8–98.7) 	37.3 (33.4–40.9) 	17.7 (0–98.4)


 	Kyabirikuya 	62.4 (52.8–69.5) 	63.7 (57.5–70.8) 	44 (39.6–48.7) 	0.3 (0–21.7)


 	Mean 	68.5 	74.5 	101.4 	7.9





*The Bayesian model generated errors for the two parishes Mpara Central and Kisambya in Mpara Town council, the reason why estimates from only Bugido parish is presented.
 

On average, the D-H strategy reached the highest vaccination coverage among owned dog population (74.5%), followed by D-L (66.2%) (Table 3). When comparing the different vaccination campaign strategies across the parishes, the D-H strategy was the only strategy with vaccination coverages of above 60% in all the three parishes (Figure 2). The SB reached coverage above 60% in only one parish, while the coverage was moderate to low in the two other parishes. The D-L strategy reached a very high vaccination coverage in one parish, while for the other two less than 60% was achieved. The SP generally had the lowest coverage for the one parish. A vaccination coverage of above 50% was reached in all but two parishes.

[image: Graph showing 95% credibility intervals for vaccination coverage in owned dogs across different parishes by strategy. Parishes are listed on the y-axis. The x-axis represents vaccination coverage. Strategies are color-coded: D-H (red), D-L (green), SB (blue), and SP (purple). Data points with error bars illustrate varying coverage levels per parish and strategy.]

FIGURE 2
 Estimates and 95% credibility intervals for the vaccination coverage reached among owned dogs by four different campaign strategies in four sub-counties in Kyegegwa district, Uganda.




Sensitivity analysis

Sensitivity analysis for the priors for recapture probabilities (pmin, pmax) in the transect survey was performed by decreasing pmin and/or increasing pmax relative to the original priors. The largest differences – in terms of percentage difference to the original posterior estimates—were found for one parish (Karwenyi) in the total vaccination coverage with 1.17 and 1.22% for pmax values of 0.8 and 0.9, respectively. All other posterior percentage differences were less than 1%.

When the priors (mean and standard deviation) for the confinement probabilities of marked (owned) dogs were varied, the largest percentage difference in the posterior estimates of total vaccination coverage was 1.67%, observed when the prior mean was decreased to 0.1, and the standard deviation was 0.1. All other percentage differences from the initial posterior estimates were below 1%.

Varying the priors for the confinement probability of unmarked (unowned) dogs—specifically by increasing the mean values to 0.3 and 0.5 and the standard deviation to 0.2—resulted in the largest percentage differences of a maximum of 2.82% in the posterior estimates of total vaccination coverage.

Taken together, the sensitivity analysis gives evidence that – if the model converges – the priors have little impact on the posterior estimates.




Discussion

In this study, four strategies of dog vaccination campaigns against rabies were tested in rural Uganda.

Among the four strategies, the integrated approach involving dog vaccination and human health services achieved, as the only strategy, a consistently high coverage. One element of this success may be the mobilization tactics employed during its implementation. Human healthcare workers played a crucial role by integrating the message on dog vaccination while they reminded the mothers and children for the routine immunization. They communicated that while the mothers brought their children for immunization, they could take advantage and bring their dogs too for vaccination by the veterinary teams who would be around at the same location. Interestingly, many mothers considered bringing their children first, and then went back to get their dogs, possibly reflecting fears around the aggressiveness of dogs. This had been mentioned by participants during the vaccination campaigns. Another positive effect on the vaccination coverage achieved may be the perceived value of the dogs in this area. A part of the D-H strategy (Bujubuli Parish) was rolled out in a refugee setting where dogs were highly valued for hunting, security, and even as a source of food. This is a contrasting finding as established by other studies such as by Mbaipago et al. in Chad, which found participating in dog vaccination low in communities where dogs were a source of food, for reasons linked to the therapeutic effects of vaccine on dog meat (34). Chevalier et al. also reported higher vaccination coverage in dogs in communities where people value their dogs (35). Furthermore, the high performance of the D-H strategy could be linked to the organized and command-oriented leadership within the settlement. The chief commandant of the community helped to disseminate information about the campaigns, enhancing community responsiveness. Although the use letters and notices, and information of local councils and church leaders were considered as communication strategies, this community’s prior experience in mobilization prompted a more grassroot approach such as house to house announcements, and use of megaphones that were readily used during our campaign, a method also used successfully in a suburban community in Uganda (36). Future campaigns should consider varied campaign communication strategies to ensure sufficient reachability of vaccination messages to dog owners.

The high vaccination coverage achieved for the integrated D-H strategy in this study resonate with findings in other studies. For instance, Lankester et al. found strong community support and high participation during integrated campaigns combining community wide mass drug administration targeting soil transmitted helminths and vaccination of dogs against rabies (19). High vaccination coverage can also be attributed to prior stakeholder engagements regarding their preferences on the strategies for roll out. During this study, an exchange with stakeholders was performed to commonly define which of the four strategies to apply. This observation is supported by a related study in Chad that recommended prior planning for joint campaigns to identify in advance potential services access barriers, that can be considered ahead of the roll out of interventions (37).

The D-L achieved high vaccination coverage only in one parish, and a moderate coverage in the other two parishes. A reason for the only moderate coverage could be linked to the fact that it was rolled out mainly in the cattle corridor of Kyegegwa district, which is predominantly occupied by the Bahima tribe. We learnt from the stakeholders in discussions after the campaign that this tribe are established cattle keepers, who attach a high economic value on their livestock, and not on dogs. This perspective is not unique to Uganda. A study by Belshaw et al. in United Kingdom also noted that participants were less interested in vaccinating dogs because of their lack of monetary value (38). Similarly, in Zambia, low participation in vaccination of dogs was equally attributed to the fact that dogs did not attract any monetary value (39). On the other hand, as argued by Hauskeller, the value of dogs should not only be taken when they serve a purpose to humans but rather when they have a purpose for other animals, in addition to their intrinsic value (40). Therefore, it is important to consider broader aspects of the importance of dogs to shape future vaccination campaigns planning.

Another aspect that was raised during conversation with stakeholders after the vaccination campaigns was the risk of spreading parasitic diseases from dogs to livestock. Indeed, some parasites, such as cestodes, perform a herbivore-carnivore cycle, so that biosecurity issues arise when dog feces are brought in contact with livestock pasture.

The SB strategy achieved a high, moderate, and low vaccination coverage in the three parishes, respectively. Notably children often brought dogs for vaccination indicating their relevant roles as reliable partners in dog vaccination campaigns. Sikana et al. established in their study that for the households which owned dogs, in 58% of them, it was the children responsible for taking dogs for vaccination (41). This resonates with experiences from the Namibia Rabies Elimination Program, where school-based education and active involvement of children were instrumental in increasing dog vaccination uptake and sustaining high coverage (42). The not constantly high performance was surprising, given that it was particularly rolled out in weekends when school children and their guardians were expected to be available to take dogs for vaccination. The low vaccination coverage among owned dogs in Kyatega Subcounty and in particular Kyatega parish can be explained by the dominant use of dogs for hunting activities, making them unavailable during vaccination exercise. For example, one evening while the team of researchers came from vaccination exercise, they met a dog owner with 17 dogs coming from hunting and all these dogs missed the vaccination.

The SP strategy performed poorly in this study. One reason can be the rather low number of vaccination points compared to the other strategies, leading to larger distances for dog owners to reach the sites. In the parishes Kisambya and Mpara Central, the model did not converge due to more dogs found vaccinated during the household survey in the involved villages, than had been recorded to be vaccinated during the vaccination campaign. This discrepancy points to the possibility of roaming dogs that crossover to different villages and homes. Another explanation may be a poor data quality both during the vaccination campaign and/or household survey. This strategy was chronologically the first one applied, so most prone for errors. Therefore, we could only estimate the vaccination coverage in one parish of the three, leaving the uncertainty about the performance and vaccination coverage reached for this strategy.

This study highlighted substantial differences in vaccination coverage among different parishes, ranging from 27.2 to 88.4% in owned dogs. Although the study aimed to explore the influence of the vaccination strategy on coverage reached, the within sub-county variation points out that other factors were influential. These include the differing sensitization and information campaigns, conduction of campaigns during weekdays versus weekends, or differing dog populations structures within people or dogs (for example some parishes with high proportion of refugees, varying density of dog owning households, varying dog:human ratios, different tribes, or presence of hunting dogs). Overall, the study could show that the three strategies that were so far not that often applied (SB, D-L, D-H) all performed well with vaccination coverages above 50% for all the parishes applied. It needs to be highlighted that the strategies selected for each sub-county was adapted to the respective setting, with the SB applied in a region with high density od schools, the D-L in the cattle corridor, and the D-H in a sub-county with active health centers. The study thus provided evidence for successful vaccination campaign when the performed strategies is adapted to the respective setting. Given the diversity of districts in terms of culture, dog ownership, and infrastructure, adapting strategies to local context for-example school based campaigns in areas with many schools or livestock campaigns in cattle corridors offers a practical pathway or national scale up.

An additional element that needs to be further investigated to inform future vaccination campaigns is the cost-effectiveness of the four campaign strategies. Public costs covered by governmental units on national ministry, district or sub-county level, need to be summed with private costs taken by dog owners, such as time and money spent to bring the dogs to the vaccination campaign to calculate the full cost of the campaign, and put it into relation with the number of dogs vaccinated (43, 44). Such an analysis was beyond the scope of this study. However it is planned to conduct a cost-effectiveness evaluation in combination with data from similar vaccination campaigns performed in another Ugandan district and publish them in a subsequent paper.

The findings of this study indicate that most dogs are owned, thus most dogs can be accessible once preliminary steps are carefully taken, such as sufficient mobilization, timely communication of the campaigns, and performance of free of charge services. Studies in Uganda and other African countries made similar observations, stating that most dogs in Africa are owned and accessible for vaccination, particularly when the vaccination is performed without costs for the dog owners (23, 34, 45–47). However, even amongst owned dogs, their accessibility by the owners, and the accessibility of dog owners themselves is not always given. During post vaccination evaluation, the vaccinators mentioned that in some parishes, like Kishagazi, dog owners were not accessible, despite the prior notices and mobilization for dog vaccination. This finding aligns with Kaneko et al., where low dog vaccination coverage was attributed to unavailability of dog owners at vaccination time (48). These cases highlight that for vaccination strategies focusing on owned dogs, information and motivation of owners is crucial for achieving a high vaccination coverage. The proportion of ownerless dogs estimated in this study range between 0.1–20.8%, with one outlier being Kijongobya parish with a proportion of ownerless dogs of 88.1%. The extremely large proportion of ownerless dogs is unclear and needs to be taken with caution. During interactions with stakeholders in this parish, they mentioned that there was a common practice by farmers who migrate to this area for agriculture. They often arrive with dogs to guard their crops after sowing. After harvesting, the dogs are left behind in the wilderness, while farmers return to their original locations, and become stray.

During this study, a substantially higher proportion of male dogs were vaccinated compared to females. This might be attributed on one hand to a higher population of male dogs kept by owners, driven by human preferences for specific tasks such as guarding and hunting that is perceived to be better performed by male dogs. Prior studies such as by Gibson et al. (49), Morters et al. (50), Davlin et al. (47), and Jibat et al. (23) have supported this observation, however only Jibat et al. (23) provided insights into reasons behind this occurrence, emphasizing the heightened demand for male dogs due to their aggressive nature and thus suitability for roles requiring security and hunting duties. On the other hand, this observation could have been because female dogs were less often presented at the vaccination points, either because they are not valued the same as males, or because of their reproductive cycles. During our vaccination campaigns, pregnant and lactating dogs were notably less presented for vaccination, a finding aligned with another study on barriers to attendance at static vaccination points in Malawi (51). Understanding these patterns is crucial for designing targeted and inclusive vaccination programs that address specific needs and barriers to improve overall vaccination coverage among different canine populations.

The study revealed that a significant majority of animals (up to 86.3%) were accompanied by adults when brought to vaccination sites, rather than children below 15 years of age. This is in contrast to other studies that reported a higher proportion of children bringing their dogs for vaccination (41). During consultations before the vaccination campaigns in Kyatega sub-county (SB strategy), stakeholders mentioned that their dogs are very aggressive and would pose a threat to children at the vaccination sites due to excitement from meeting other dogs. However, particularly for this sub-county that happened during weekends, the proportion of dogs brought by children was highest amongst all sub-counties. We thus more believe that the timing of the vaccination campaign during school days for the other three strategies contributed to less participation of children below 15 years.

Overall, this study comes with some limitations. First, the economic activities of Kyegegwa residents, particularly farmers leaving for gardens and crop fields with their dogs early and returning late, impacted the observations during transect walks and household surveys. Therefore, we likely observed fewer dogs than were actually there, which could affect our estimations. To overcome this limitation, transect walks were timed early in the morning and late in the afternoon, and household surveys were done around noon when farmers were anticipated to be back for lunch breaks in select villages. Secondly, the surveys (transect walks and household surveys) were conducted in villages with at least five dogs vaccinated during the vaccination campaign. This was done to reach a certain proportion of vaccinated dogs in the population to survey, to enable a suitable stability to the models. Although we believe that this approach mainly excluded villages with small dog populations, it might have led to an overestimation of the vaccination coverage in our study. Thirdly, roads in some of the areas got uncomfortable during the rainy season, therefore some of the study sites could not be accessed as had been planned. This was particularly obvious in Katamba parish. However, we did not observe a lower vaccination coverage in this parish compared to the other two parishes in the same sub-county, and thus we do not believe that this was a heavily impactful factor. Additionally, during estimation of dog population and vaccination coverage, we used priors from Chad, as we did not collect robust data from Kyegegwa to calculate them for our specific area- However, the priors were large enough so that it was still valid for our study area. Besides, the sensitivity analysis showed that the impact of the priors on the posterior estimates was negligible. Finally, we missed to collect gender-specific data on dog owners, depriving the study of potential insights to identify gender-specific compliance patterns for dog vaccination and to tailor approaches accordingly.

More broadly, the principle of integrating dog vaccination with existing community platforms is relevant across Africa, where resource constraints are common. Evidence from Chad, Tanzania and Malawi supports the potential transferability of such essential to establish their consistency, feasibility and cost-effectiveness for large application (52–54).



Conclusion

The integrated D-H campaigns achieved the highest coverage among all strategies tested, demonstrating the strong potential of integrating animal and human health services to enhance community participation. Our study also showed the benefit of engaging the animal health officials as well as community representatives before conducting a vaccination campaign. This demonstrated the inherent complexity of implementing dog vaccination programs and the need for multifaced, context specific approaches. Future campaigns should be tailored to community needs, dog ownership patterns, and cultural values, while exploring integration with existing health services to maximize reach and impact. Further testing across diverse settings can help assess integrated dog vaccination strategies’ consistency and scalability, providing valuable insights for developing a One Health model to strengthen future rabies elimination efforts.
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