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Introduction: This study examines rabies incidence and associated risk factors at
the interface between wildlife and human communities near Pian-Upe game
reserve in Eastern Uganda. We hypothesized that human settlements in closer
proximity to the reserve would exhibit higher rabies risk compared to those
located further away.

Methods: Using a standard questionnaire, households within <4, 4-14, and >14
km from the Pian Upe game reserve in Bukedea District were interviewed. Data
on socio-demographic characteristics, recent rabid animal bites, and suspected
human and livestock rabies cases for the past year (2023) were collected after
seeking informed consent. Descriptive statistics were used to analyze socio-
demographic information and incidence data, while separate binomial
generalized linear models with log-link function were used to identify
predictors of rabies incidence and mortality.

Results: Between January and March 2023, 302 participants were interviewed.
Respondents had an average age of 44 years with 34% (n=103) being female. All
households owned at least one dog, though only 47% (n=142) had vaccinated
their dogs against rabies in the past year. Additionally, 39% (n=118) of
respondents used dogs for hunting. Rabies annual incidence increased with
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decreasing distance to the game reserve (7.5 to 15.7% for humans, for the dogs,
and 5.0 to 9.8% for livestock, including cows, goats and sheep). Significant factors
associated with rabies in humans included primary education level (aRR=3.8, 95%
Cl 1.0-23.7) and grazing livestock in the reserve (aRR=5.30, 95%CI 1.0-40.3).
Mortality was associated with fetching firewood from the game reserve (aRR=4.7,
95%Cl 1.3-17.5).

Conclusions: This study reveals that there is an increased risk of rabies for
domesticated animals and people located within proximity to the game reserve.
Further efforts to prevent the spread of rabies could include increasing education
and awareness for communities along with targeted dog vaccination in

settlements surrounding wildlife protected areas.

KEYWORDS

rabies, wildlife-human interface, Uganda, Pian-Upe, Bukedea, cross-sectional

cohort study

Background

Rabies, a disease caused by a negative sense single-stranded
RNA virus in the family Rhabdoviridae, is an acute viral infection of
the brain that results in high mortality for humans and other warm-
blooded animals (1, 2). The disease occurs when saliva or brain
tissue from an infected animal comes into direct contact with
mucus membranes or broken skin (generally via a bite). Despite
vaccination campaigns and post-exposure prophylaxis, rabies
continues to kill approximately 50,000-61,000 people globally
each year (1, 3). Over 95% of these fatal rabies cases occur in
Asia and Africa (4). For example, rabies claimed approximately
21,000-25,000 lives in Africa during 2015 (5). In Uganda, a total of
14,865 annual dog bites were reported in 2021 (6) and rabies
claimed approximately 36 lives per year (7).

The global estimates for rabies incidence and prevalence in
Africa are not well documented. A meta-analysis by Wobessi et al.
reports misrepresented incidence of rabies in Africa for exposed
humans, dogs and other species as 83.4%, 44.1% and 33.8%,
respectively, and the prevalence as 33.8%, 19.8% and 3.6% (8). In
Uganda, the prevalence has been over-estimated to be 78.9%, 66.7%
and 84.6% by Omodo et al (9) in dogs, jackals and livestock (goats,
sheep, and cows), respectively (9). The exact statistics on rabies
prevalence among humans in Uganda is lacking.

Rabies prevention and control programs, such as mass dog
vaccination, sterilization, and post-exposure prophylaxis (PEP), have
been performed seasonally in Uganda. However, due to limited funding,
various endemic parts of Uganda do not receive these programs.
Consequently, this leads to sub-optimal coverage according to the
GARC, OIE, FAO recommendations and ensures that transmission of
the virus continues in rural parts of Uganda. Limited PEP availability,
awareness, and access makes it even more difficult to provide timely
treatment for those that are infected. Only two out of ten people bitten
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by a suspected rabid animal have access to PEP in Uganda. This is due
to many factors, including cost and long distances to hospitals. For
example, PEP is approximately 40 USD in Uganda, yet citizens live on
less than 1 USD per day. Also, it takes an average of three hours to reach
the nearest hospital (Atutur) from Pian sub-counties (i.e. Kocheka).

People living in Pian Upe are largely nomadic pastoralists with
poor access to health facilities. Practices and beliefs of these
pastoralists, such as grazing cows with dogs, fetching firewood in
the game reserve (GR), and frequent hunting (generally twice a
week) predispose them and their animals (dogs and livestock) to
close encounters with wildlife.

Approximately 99% of human rabies cases are transmitted by
rabid domestic dogs (2), while a relatively small proportion of human
cases are caused by wildlife. For example, a study in South Africa
revealed that black-backed jackals (Canis mesomelas) contributed to
0.14% of rabies cases in the country during 2016 (10). Anecdotal
findings in Bukedea region show frequent jackal and dog bites in
humans, especially for communities near Pian Upe GR. This may be a
potential risk for Rabies spillover, leading to epidemics in
communities surrounding GRs and national parks. The aim of this
study was to determine community reported incidence and mortality
estimates of rabies at the wildlife-dog-livestock-human interface of
Pian Upe GR in Bukedea, Eastern Uganda. We hypothesized that
households near the GR experience more rabies cases than their
counterparts situated more than 14km away.

Materials and methods
Study design

A cross-sectional cohort study was conducted among
households from six selected sub-counties of the Bukedea district,
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Eastern Uganda. People that reported having been bitten by a dog
were followed retrospectively for one year to identify the incidence
of clinical rabies cases. Demographic and practice related factors
were recorded as potential exposure variables.

Study setting

Six subcounties in this pastoral setting were studied. Three sub-
counties were located >14 km from the Pian Upe GR, including
Bukedea Trading center (2,360 households), Kocheka (3,510
households), and Kidongole (3,268 households). Three sub-
counties were located < 14 kms from the GR, including Aminit
(2,115 households), Kamutur (2,265 households), and Kangole sub-
county (2,300 households) (Figure 1). The common husbandry
practice in Bukedea district is communal grazing, where animals are
left to freely graze on shared land (called “Aaro”). Cows and other
livestock can be left in Aaro for many weeks without the herdsman’s
attendance. Instead, they are left to be taken care of by livestock
guardian dogs, which protect against attacks from wildlife
(especially jackals). Sub-counties near to the GR practice hunting
more frequently than those further away from the GR, including
hunting small animals like squirrels and edible rats.

Study population and selection criteria

This study was conducted among households in Bukedea
district between January 2023-March 2023. A household was
defined as either a unit made up of a father, mother and children
or a caretaker and children living together in a home. Interactions
between domestic animals (dogs or livestock) and wildlife were
quantified if habitat was shared at least once a week (either for food
or water). We stratified households by distance to the GR since the
latter variable is a potential effect modifier of rabies risk.
Households that owned either dogs (following January 2022) or

10.3389/fitd.2024.1272141

dogs and livestock were included in the study. Those participants
who were interrupted by neighbors during the interview or lost
interest in responding to certain questions were excluded from the
study to minimize information bias.

Sampling strategy

Six sub-counties were purposively selected from Bukedea
district based on geographical distance to the Pian Upe GR.
Parishes were purposively selected from each sub-county. Villages
from each parish were selected randomly using systematic random
sampling based on the Local Council Record Book. From each
Village, a household was picked purposively based on whether it
had livestock interacting with wildlife and dogs.

Sample size estimation

Modified Daniel’s formula was used (Wayne Daniel, 2013) with
alpha = 5% and a minimum statistical power of 80% considering
finite population correction and a precision of 5%. We were able to
interview 302 households from six parishes of Bukedea district,
Eastern Uganda.

Data collection method

A semi-structured questionnaire (Supplementary material, S1)
designed by a web based mobile App kobo collect toolbox version
2022.3.6 (11) was used to collect face to face data by four trained
research assistants and the principal investigator. The variables
collected fell under three main categories, including 1) socio-
demographic characteristics of study participants, 2) risk factors
of rabies at the wildlife-livestock-human interface, and 3) incidence
and mortality of rabies.

28.000 32,000 36.000
§ MAP OF UGANDA 1
- Key
[ Bukedea
0 Pian Upe Game Reserve
-
7 Legend
# HH: <dkms from GR
0 100 200 km ¥ HMs: 4-14kmsfrom GR
_— ) ° ©® HHs:>14 kms from GR
|
28.000 32.000

FIGURE 1

Map showing households studied in Bukedea district (Eastern Uganda) based on their proximity to the Pian Upe Game Reserve.
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Variables

The dependent variables were 1) community reported incidence
and 2) mortality attributed to rabies in households of Bukedea
district. A rabies case was defined as a household member,
previously bitten by either a suspected rabid dog or jackal, who
later developed signs of rabies including weakness, discomfort,
abnormal behaviour (barking) and hydrophobia.

Incidence was measured as the proportion of community
members that had been bitten by a suspected rabid dog or jackal
in the last year and had developed clinical signs of rabies divided by
the total sample size, computed to the base of 1000 persons or
animals as illustrated in Equation 1.

suspected Rabies cases
total sample size

Incidence = x 1000 (1)

Mortality was defined as the proportion of individuals that were
bitten by a suspected rabid dog or jackal in the last year and had
died of rabies (following classical signs of rabies) in this time period
divided by the total sample size, computed to the base of 1000 as
illustrated in Equation 2.

suspected Rabies deaths

Mortality =
4 total sample size

x 1000 2)

The predictors included 1) socio-demographic factors [age, sex,
occupation, education level and religion], 2) geographic factors
[distance to the GR], and 3) practice factors [hunting, grazing in a
GR, history of dog vaccination, fetching firewood and water from
the GR].

Statistical analysis

All statistical tests were carried out using STATA version 14.2.
Socio-demographic and practice characteristics were analyzed
descriptively as percentages, frequencies for categorical data, and
medians, lower quartile and upper quartile for numerical data.
Stratified analysis for descriptive statistics was done based on
distance to the GR. Statistical comparisons were done using Chi-
square and Fisher’s exact test, F-test and Kruskal Wallis ANOVA.
Community-reported incidence and mortality of rabies among
livestock, humans, wildlife and dogs were analyzed descriptively
using Venn diagrams.

Incidence of Rabies was modelled using bivariable and
multivariable binomial generalized linear model using the log link
function for risk ratios. The response variable was incidence in
humans, while the predictors were religion, education level,
firewood source, grazing area, and sources of water stratified over
location to the GR.

A similar regression model was used for rabies mortality. In this
model, the outcome variable was mortality, while predictors were 1)
rabies post-exposure prophylaxis status, firewood source, grazing
area, water source, and education level.
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Quality control

Data entry was checked using validation checks and “must
enter” check points in Kobo collect tool (11). Statistical analysis was
performed in parallel by two statisticians for quality outputs.

Ethical clearance

Ethical clearance was obtained from the Makerere University
School of Public Health Research Ethics Committee (SPHREC-
2023-509). Permission to collect data was obtained from Bukedea
district Chief Administrative officer through Bukedea District
Veterinary Officer. The study was fully explained in mother
tongue (Ateso) and English to the participant before written
informed consent for voluntary participation was obtained.
Interpretation in the local language (Ateso) was provided when
the respondent in a household was not well versed in English.

Results
Study flow diagram

There were 302 households in this study, including those
located furthest away from the GR (>14km; n=161), near the GR
(4-14km; n=90) and bordering the GR (<4kms; n=51) (Figure 2).

Socio-demographic and practice-related
characteristics of study participants

The mean age of study participants was 44 years, with 34% (n=104)
of the households being headed by females. About 8% (n=25) of the
study participants had not attended any formal education. The
majority of participants were Anglicans (52%, n=80) and Catholics
(30%,n=51) (Table 1).In the case of families that were situated<4 km to
the GR, they were predominantly women and children who fetch water
and firewood (Table 2).

In this study population, 64% (n=192) of the households owned
dogs, with 47% (n=102) of them not having ever vaccinated them
against rabies during the previous year. The percentage of
unvaccinated dogs was even higher (61%, n=38) in families living

Study
population
n=302

[ |

Households near

Households away

(>14kms) from the (4-14kms) the

Game reserve Game reserve
n=161 n=90

Households close

(<4kms) Game
reserve n=51

FIGURE 2
Study flow diagram showing the distribution of households studied
and their distance to the Pian Upe Game Reserve.
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TABLE 1 Socio-demographic characteristics of study participants in Bukedea district, Eastern Uganda.

Variable Overall >14 km from 4-14 km from <4km from P-value™
(N=302) GR (n=161) GR (n=90) GR (n=51)

*Mean age in 43.8(16.1) 45.3(16.5) 42.7(16.6) 41.1(13.7) 0.20

years (SD)

Sex, n (%)

Female 104(34.4) 47(29.2) 39(43.3) 18(35.3) 0.002

Male 198(65.6) 114(70.8) 51(56.7) 33(64.7) <0.001

Education, n (%)

None 25(8.3) 6(3.7) 7(7.8) 12(23.5) 0.289

Primary 189(62.8) 106(65.8) 55(61.1) 28(54.9) <0.001

Secondary 77(25.5) 42(26.1) 24(26.7) 11(21.6) <0.001

Tertiary 7(4.4) 4(4.4) 0(0.0) 11 (3.6) 0.002

Religion, n (%)

Anglican 80(49.7) 51(56.7) 27(52.9) 158(52.3) <0.001

Catholic 51(31.7) 21(23.3) 17(33.3) 89(29.5) <0.001

Muslim 5(3.1) 3(3.3) 2(3.9) 10(3.3) 0.022

Other 25(15.5) 15(16.7) 5(9.8) 45(14.9) <0.001

TProbability value comparing the three groups; *One-way ANOVA (F-test).

4-14 km to the GR. Similarly, 92% (n=47) of the households living
<4 km to the GR reported practices such as hunting and grazing
livestock in the Pian Upe GR (Table 2).

Incidence of rabies among households in
Bukedea Eastern Uganda

The incidence of rabies was reported to be the same among
humans and dogs (89 cases per 1000 persons or dogs per year; 95%
CI 62-127). Approximately 66 rabies cases per 1000 animals per
year (95%CI 43-101) were reported in livestock (Figure 3).

Relationship of proximity to Pian Upe GR
and incidence of rabies among households
in Bukedea (Eastern Uganda)

Households closer to the GR experienced significantly more
rabies cases than those that were located further away (incidence
increased with decreasing distance to the GR). Incidence increased
from 75 to 157 per 1000 humans and dogs per year, respectively
(p<0.001), and from 50 to 98 per 1000 animals per year among
livestock (p<0.001) (Figure 4).

Mortality due to rabies among households
in Bukedea district, Eastern Uganda

A similar trend was observed for rabies mortality (Figure 4).
Mortality due to rabies in households increased with proximity to
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the Pian Upe GR. Among livestock, the mortality increased from
49.7 to 98.0 per 1000 animals per year (p<0.001), while human
mortality increased from 43.5 to 55.6 per 1000 persons per year
(p=0.21) (Figure 5).

Incidence and mortality of rabies among
livestock, dogs and humans in Bukedea
district, Eastern Uganda

About 3% (n=9) of households reported co-occurrence
[HN LN D=9] of rabies cases in humans (H), livestock (L), and
dogs (D) (Figure 6). Only 6% (n=18) of households reported co-
occurrence of rabies in humans and dogs [H N D=18], while no
cases were reported to occur from the same household between
humans and livestock [H N L=0] or livestock and dogs [L N D=0].

Mortality was 4% (n=12) for humans and 6% (n=18) for
livestock. Only 1% (n=2) of the households showed co-occurrence
of rabies mortality in humans and livestock, [H N L=2].

Factors associated with rabies incidence
among households of Bukedea,
Eastern Uganda

Households located near the GR had a higher risk of rabies than
those further away (>14 km). Predisposing factors at <4 km and 4-
14 km distances included 1) primary level of education (aRR[95%
CI] =3.8[1.0-23.7]) and grazing in GR (5.3[1.0-40.3]). Conversely,
primary and secondary levels of education at >14 km and 4-14 km
distance from the GR decreased the risk of rabies at: (aRR0.1[95%CI
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TABLE 2 Practice-related characteristics of study participants in Bukedea district, Eastern Uganda.

Variable >14km from

P-value™

4-14 km from
GR (n=90)

<4 km from
GR (n=51)

Who fetches water, n (%)

Children 76(25.2) 39(24.2) 21(23.3) 16(31.4) 0.003
Children and parents 14(4.6) 4(2.5) 9(10.0) 1(2.0) 0.03
Mother & children 207(68.5) 115(71.4) 58(64.4) 34(66.7) <0.001
Other 5(1.7) 3(1.9) 2(2.2)
Who fetches firewood, n (%)
Wife only 100(33.1) 56(34.8) 33(36.7) 22(21.6) <0.001
Husband only 15(5.0) 8(5.0) 6(6.7) 1(2.0) <0.001
Wife & husband 3(1.0) 1(0.6) 2(2.2) 0(0.0) 0.37
Wife & children 181(59.9) 94(58.4) 48(53.3) 39(76.5) <0.001
other 3(1.0) 2(1.2) 1(1.1) 0(0.0) 0.37
kMedian distance to water source in 1.2(0.2, 2.0) 2.0(1.0, 4.0) 1.0(1.0, 2.0) 0.45(0.1, 1.8) 0.0003
kms (Q1, Q3)
Do you own a dog, n (%)
No 110(36.4) 46(28.6) 40(44.4) 24(47.1) 0.029
Yes 192(63.6) 115(71.4) 50(55.6) 27(52.9) <0.001
Are your dogs vaccinated against rabies over 1 year ago, n (%)
Yes 113(51.6) 76(60.3) 22(35.5) 15(48.4) <0.001
No 102(46.6) 48(38.1) 38(61.3) 16(51.6) <0.001
I don’t know 4(1.8) 2(1.6) 2(3.2) - 0.368
Do you hunt from GRs? n (%)
No 204(85.4) 134(97.8) 47(72.3) 23(62.2) <0.0001
Yes 35(14.6) 3(2.2) 18(27.7) 14(37.8) 0.006
Are there straying wild animals in your household, n (%)
No 167(55.3) 100(62.1) 55(61.1) 12(23.5) <0.001
Yes 135(44.7) 61(37.9) 35(38.9) 39(76.5) 0.013
Do you graze animals in GR, n (%)
No 175(61.0) 135(90.0) 36(41.9) 4(7.8) <0.001
Yes 112(39.0) 15(10.0) 50(58.1) 47(92.2) <0.001
TProbability value comparing the three groups. “Kruskal Wallis ANOVA (H-test).
0.04-0.26]), (aRR=0.07[95%CI 0.12-0.30]) and (aRR=0.07[95%Cl  [Discussion

0.02-0.31]), (aRR=0.09[95%CI 0.01-0.56]), respectively (Figure 7).

Factors associated with rabies mortality in
households of Bukedea, Eastern Uganda

People fetching firewood from the Pian Upe GR were 4.7 times
more likely to be exposed to rabies than households that did not
fetch firewood from the GR (Figure 8; aRR=4.7; 95%CI 1.3-17.5). In
this multivariable model, PEP use was not associated with
Rabies mortality.

Frontiers in Tropical Diseases

In this study, we hypothesized that rabies risk would be higher
in communities near wildlife protected areas (GR). Our findings
support this hypothesis, as households closer to Pian Upe GR had
higher rabies incidence, possibly due to more frequent interactions
between livestock, dogs and wildlife. Rabies in wildlife can be a
threat to humans and domestic animals due to human demography,
animal translocations, and environmental alterations; however,
efforts to control wildlife associated rabies is largely lacking in
Uganda (12). The communally owned grazing lands in Bukedea
(Aaro) act as contact points between livestock, dogs, humans, and
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FIGURE 3
Overall incidence of rabies in households of Bukedea.

wildlife. Most of these Aaro’s are close to the GR, giving wildlife
(especially jackals) a greater chance of preying on livestock,
facilitating close contact between dogs, jackals, and livestock.
Anecdotal reports from community members and our own
observations during data collection confirmed that jackals were
frequently seen near livestock in the Aaro and near livestock
tethered at home (at least 3-4 times a week), especially along the
border between the GR and human settlements. Other studies show
similar observations. For example, in the Mymensingh district of
Bangladesh, jackals and dogs have been implicated in the
transmission of rabies to domestic ruminants (13). However,
Bangladesh has a far higher burden of rabies than Uganda. This
is likely due to the larger population, with approximately 165.7
million compared to Uganada’s 49.2 million people (14), and the
location, as it is situated between China and India, and is ranked
first and second globally in rabies burden (15). The similarity
concerning jackal and dog distribution in the two countries lies in
somewhat similar climatic conditions and forest cover that acts as
habitat for these canids (16).

In our study, we found a mean incidence of 8.9% for rabies cases
among humans and dogs and 6.6% in livestock. This is much higher
than the reported national rabies incidence in Uganda (0.04% (6).
This discrepancy could be due to the risk-based sampling that we
carried out as opposed to population wide sampling done from
national epidemiological data (6). The large discrepancy between
the two numbers implies a neglected rabies risk at the interface
between wildlife, dogs, livestock, and humans. The incidence is less
than 10%, which may be regarded as a low risk. However, as
untreated rabies cases are fatal, every single case is of high public
and economic importance for the household.

A study by Millan et al. 2013 (17) reported a similar sero-
prevalence of rabies in dogs (12.7-28.6 %) in Queen Elizabeth
national park (17). The two protected areas (Pian Upe GR and
Queen Elizabeth national park) host the largest numbers of canines
in Uganda, increasing the possibility for rabies spillover through
bites between the wild canines and dogs, along with canine-human
interactions (18). Furthermore, a study in Zimbabwe reported
rabies transmission between jackals (Canis adustus and Canis
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Incidence of rabies by distance to the Pian Upe Game Reserve in
Bukedea district, Eastern Uganda.

mesomelas) and dogs at the wildlife-human interface (19). Jackals
were the most implicated wildlife species, accounting for 91% of
wildlife rabies cases (20). The unmet need for rabies control in
wildlife is likely to make the rabies elimination agenda unattainable
by 2030 in some parts of Africa, especially those that surround
wildlife protected areas.

In the current study, mortality ranged between 44-56 cases per
1000 persons and 50-98 cases per 1000 livestock. These findings,
especially those for humans, are higher than estimates across
Uganda (16 deaths per 1000 persons per year (21). However,
Nyasulu et al. (21) used Uganda rabies weekly surveillance data,
which is not representative for some communities that are in rural
and hard-to-reach areas. We also think that the elevated figures of
mortality are due to risk-based sampling carried out in our study,
since we expect more rabies cases at the wildlife-dog-livestock-
human interface. Furthermore, our findings for livestock did not
agree with the study by Omodo et al. (9), which reported lower
incidence of rabies in cattle and goats using laboratory specimens
collected between 2015-2022 in Uganda. The discrepancy could
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Mortality due to rabies among households of Bukedea district,
Eastern Uganda.
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FIGURE 6
Co-occurrence of rabies in livestock, humans, and dogs among
households in Bukedea district, Eastern Uganda

have been brought about by differences in geographical areas, given
that they picked scattered regions in the country where the risk of
rabies varied greatly (9).

In this study, 3% (n=9) of households reported co-occurrence of
rabies in humans, livestock, and dogs. This clearly indicates that
transmission is linked between all three species in these
communities. Culturally, in this pastoralist setting, dogs are often
used for herding in Aaro, where interactions with wildlife
(especially jackals) occur frequently. This fact is supported by
similar observations in selected districts in Tanzania, such as
Ulanga and Kilombero, where jackals were rampantly biting
livestock and human beings (22). We also report co-occurrence of
rabies between dogs and humans, but not between dogs and
livestock. This suggests that livestock can become infected from
sources other than dogs, which points the suspicion to the black
backed jackal, which is rampant in Pian Upe GR (23). This assertion
is further supported by the co-occurrence of mortality between
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Factors associated with incidence of rabies in the Bukedea district,
Uganda. ¥ Variables on the y-axis: graze=Grazing in GR;
primary=Primary Education; secondary=Secondary education;
tertiary=Tertiary education.
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Factors associated with rabies exposure in households of Bukedea,
Eastern Uganda.

wildlife and livestock, and between wildlife and humans. Reporting
of rabies cases in livestock is not often emphasized in Uganda, but
our study suggests that there is a significant need for this, especially
among pastoralist communities. Rabies has been previously
reported in cattle in Ethiopia (24). Our study emphasizes that
spillover events are most likely to hinder the success of the global
dog-mediated rabies elimination target for 2030 (25).

In our study, primary level of education, grazing, and fetching
firewood in the GR were associated with rabies cases in households
near to the GR. Primary level of education may only be associated
with less awareness and knowledge about rabies (26). Grazing and
fetching firewood in GR might be associated with rabies cases since
these practices increase the possibility for wildlife-dog-human
interaction (27). Additionally, those who fetch firewood and allow
their animals to graze from the GR are by default staying near the
GR. Hence, they find themselves further away from the hospital and
have less access to timely post exposure prophylaxis. The low socio-
economic status of these households also reduces their ability to
afford PEP (28). There are no similar studies in Uganda, with the
exception of a study in Wakiso and Kampala districts by Kisaka and
coworkers (2020), where they found that secondary level of
education was associated with compliance to rabies pre-clinical
control guidelines (29). There are volunteer groups, like the Uganda
veterinary student outreach program, that go out to communities to
implement rabies education efforts in primary and secondary
schools (30), but these programs seem inadequate due to poor
funding and political priority deficiencies.

One limitation for our study is that it lacks generalizability for
households without dogs and livestock, given that these were
criteria for household selection. However, having conducted a
risk-based sampling, our findings may be applicable to
households and communities neighboring wildlife protected areas
in Uganda, and Africa in general. We also had to rely on reports
given by household heads for rabies prevalence data, rather than
using laboratory-confirmed cases. This approach may suffer from
recall bias along with differences in knowledge of rabies symptoms
between households. Nevertheless, rabies is a very recognizable and
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devastating disease, which may be well recorded in people’s
memory. Thus, our estimates of rabies burden depict a proxy
measure that warrants further investigation.

Conclusion

The risk of rabies at the wildlife-dog-livestock-human interface
in Uganda is a neglected health threat. Both rabies incidence and
rabies mortality among humans, dogs and livestock increased as
proximity to the Pian Upe Game Reserve increased.

Those with primary level of education, fetching firewood in the
GR and grazing their livestock in the GR had higher risk for rabies.
This implies that communities of Bukedea need to exercise more
caution on rabies prevention strategies than the rest of neighboring
communities. More studies are necessary to carry out rabies
surveillance in wildlife cannids of Pian Upe game reserve.
Furthermore, increased sensitization for communities neighboring
wildlife reserve and national parks is highly urgent to address rabies

prevention and control.
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