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Abstract

Background: Rabies is a deadly preventable viral disease that affects all warm-blooded animals and widespread in
many regions including Africa. The disease remains of major public health importance in Uganda.

The purpose of this study was to establish Knowledge, Attitude, Practice (KAP) of Rabies in Moyo and Ntoroko districts
and to characterize Rabies virus (RABV) strains from seven districts of Uganda with consistent prevalence of rabies.

Methods: KAP survey data were collected based on animal biting history by interviewing the head of the veterinary
departments, the medical centers and selected households from the study sites. Data were obtained from 84
households in Ntoroko and Moyo districts. Thirty-five (35) brain samples were collected from bovine, dogs, goats, foxes,
jackals ad sheep between 2011 and 2013. Samples were tested using fluorescent antibody test (FAT), One step RT-PCR
(following RNA extraction) and partial RABV N gene was sequenced by Sanger method before phylogenetic and
phylogeographic analyses of sequences.

Results: Scarcity of post-exposure prophylaxis services in the health centers was noted. Poor attitude of wound
washing and deficiency of knowledge on how to handle wounds related to dog bites and the significance among
household participants lacked. There is a high risk of rabies infection due to a limited dog’s vaccination. Dog biting
episodes in humans were of 75.00 and 62.50% in Moyo and Ntoroko districts respectively. Twenty-seven (27) samples
tested positive for rabies by FAT and PCR. Ugandan sequences were closely related (97% nucleotide id) to the rabies
virus sequences from Tanzania, Rwanda, Burundi, Nigeria, Central African Republic and Sudan with both the “Africa TA”
and "Africa 1B" RABV clades represented. A putative new clade 1D was also detected.
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communities.

Conclusions: Rabies remains a public health hazard in Uganda. There is urgent need to establish advocacy programs

in both schools and communities to curtail the spread of rabies. Increasing the knowledge regarding wound washing,
post-exposure prophylaxis and dogs vaccination would enhance prevention of rabies. A strong collaboration between
medical and veterinary sectors under a one health platform is required to ensure sufficient preventative services to the
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Background

Unearthing globally the lyssaviruses remains of persistent
scientific interest and importance to both public and ani-
mal health. Indeed, lyssaviruses are recognized to cause
fatal encephalitis, generally referred to as rabies infection
[1]. The RABV is a neurotropic agent of the Lyssavirus
genus, Rhabdoviridae family. RABV is responsible of Ra-
bies (i.e. disease in human and animals) and it is the only
viral pathogen agent associated with 100% fatality in the
absence of treatment and after the clinical manifestation
of the disease [2]. Human get infected by direct contact
(i.e. through biting, scratching or licking of wounded skin)
with RABV infected animals including dogs, raccoons,
skunks, bats, jackals and foxes. Dogs account for more
than 99% of the human cases and consequently Rabies is
worldwide recognized as a high-priority zoonotic disease.

RABV present an RNA genome that encodes five highly
conserved genes including: the nucleoprotein (N),
Phosphoprotein (P), matrix protein (M), glycoprotein (G),
and a viral RNA polymerase (L). The virus nucleoprotein
(N) plays significant role in replication and transcription
and has been widely used for molecular typing, and phylo-
genetic studies of the virus [3-5].

In Africa, molecular detection of RABVusing the N-
gene clustered the isolates with China lineage 2 that co-
circulate with Africa lineages in Monrovia and Liberia
where the first case in Africa was reported [5]. RABV
strains from domestic dogs and livestock in Africa are di-
vided into 4 main lineages including: Africa 1A, with a
broad distribution across the continent and predominant
in northern and eastern Africa; Africa 1B found mainly
from eastern and southern Africa; Africa 2, from western
Africa; and, Africa-4 from western Africa [6].

Rabies is endemic in Uganda and significantly affects
public health and livelihoods with an average of 16,414
human dog bites registered annually [7].

At National Animal Disease Diagnostics and Epidemi-
ology Centre (NADDEC), Ministry of Agriculture, rabies
diagnosis is performed following the gold standard of
virus detection test using the Fluorescent Antibody Test
(FAT), as recommended by WHO and OIE [8] . When
brain specimens from both domestic and wild animals
are tested at NADDEC for RABV antigen detection, re-
sults are timely reported to district veterinary officers

responsible for controlling the spread of the disease. Al-
though, Uganda spends an average of UGX 7 billion
($1.9 m) on rabies management, mainly for procurement
of pre- and post-exposure prophylaxis (PEP) vaccines in
humans and rabies vaccination for dogs and cats, effect-
ive control of rabies is still a challenge. The true burden
of the disease is not yet established due to underreport-
ing. Therefore, rabies in Uganda remains a neglected
disease and one of the seven priority zoonotic diseases
listed by Uganda ministry of Health and Agriculture.

The present study aims at investigating Knowledge,
Attitude, Practice (KAP) of rabies among selected house-
holds of the Moyo and Ntoroko Districts and to
characterize the RABV strains circulating among several
districts of Uganda and to estimate their contribution to
the global diversity of rabies in Africa.

Methods

Study sites and material

A total of 35 brain tissues were collected from suspected
dogs, cattle, goats, sheep, fox, jackals in seven districts of
Uganda (Moyo, Ntoroko, Jinja, Kabaale, Kabongo,
Namayingo and Kabarole districts) (Fig. 1).

Data collection from selected households

The survey was conducted in the two districts of Moyo
and Ntoroko to collect data based on dog biting history
reported by the selected households. These two districts
were selected for the KAP study because of their high
reporting of rabies suspected samples to NADDEC, for la-
boratory rabies confirmation, as compared to any other
districts in Uganda from 2009 and 2013. Eighty-four
(Moyo, n =44; Ntoroko, n=40) households affected by
dog bites participated in the study, as well as the local gov-
ernment health centers and medical private centers where
first aid treatment due to dog bites were offered. Data was
collected using a well-designed tool with both objective
and open-ended questions (Supplementary Material: SMO
- questionnaire). Collected parameters include knowledge
status of the households about rabies, handling of dog
bites by local community, age, dog bite site, death associ-
ated with suspected rabies and, affected livestock. Dogs
were defined as owned or confined, free roaming or stray
dogs in the community.
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Fig. 1 Rabies study sites (Districts), Uganda (2009-2012). Stripped Blue = District with cross-sectional study and brain tissue analyzed for virus
detection; Light red = District that provide only brain tissue for virus detection. Map adapted from https://geojson-maps.ash.ms. Geo-coordinates
of localities: 03°39'N 31°43'E, 01°06'N30°24'E, 00°25"24"N 33°12'14"E, 01°15'S 30°0'E, 03°32"24"N 34°07'30"E, 00°17'N 33°51'E, 00°17'N 33°51'E
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Retrospective review of registers in rural medical settings
An animal bite was defined as any injury or wound
inflicted by a suspected rabid animal to humans and reg-
istered during the review period. In 2013, patient and
availability of anti-rabies vaccine, PEP protocols in the
selected health facilities were reviewed. Data on age,
gender, number of patients bitten by suspected rabid
dogs and other animal species involved in biting people
were also recorded. The survey also focused on chal-
lenges in the management of dog bite victims in the vis-
ited medical centers.

Retrospective review of registers from district veterinary
department

From 2009 to 2013, the access to the livestock disease
register provided the number of dogs vaccinated, target
areas, suspected number of rabid animals, animal species
involved in biting humans and health status of animals.
Methods of controlling stray dogs if any were recorded
as well as the number of livestock, wildlife and dogs sus-
pected of rabies, all data provided by the district veterin-
ary officer.

Data management

Data were registered using Microsoft Excel 2007 (Micro-
soft, Seattle, WA, USA), and analyzed using STATA 10
package for statistical analysis [9]. The Fisher’s exact test
or the Chi-square X test was applied according to the
number of observations with a statistically significant
threshold set at a P < 0.05 (95% confidence interval).

A number of categorical variables were stratified (2 by
2 tables) according to the district of origin in order to
assess the significance among the tested variables of
interest in Moyo and Ntoroko. Differences in frequency
of observations between districts and the association be-
tween key variables of interest using uni-variable analysis
were calculated.

The statistical analysis performed was descriptive,
qualitative and quantitative among the 84 households of
Moyo and Ntoroko districts. The data captured in-
cluded: age, gender, knowledge about rabies (transmis-
sion, clinical signs and management of dog bites),
vaccination and treatment, ownership, care and number
of bites. The reason for using the non-probabilistic
method of sampling was to explore the knowledge, atti-
tude and practice about rabies in the specifically affected
households.

Samples and rabies virus detection

The brain samples were collected from dead animals
which where owned by private individuals. Some were
from farmers and fishermen on along river Nile. Some
were from dogs that were straying in these communities.
The affected goats, cattle, and sheep brain samples used
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in this study were willingly provided by farmers for la-
boratory testing, after suspected clinical signs of rabies
disease were observed. Verbal consent to collect samples
of dead Jackals that were found lying dead in Kidepo Na-
tional Game park was given by wildlife authority, be-
cause in Uganda only National Animal Disease
Diagnostics and Epidemiology Centre (NADDEC) has
the capacity to diagnose rabies using the direct fluores-
cent antibody test method. Thirty-five (35) brain tissue
samples sourced from dogs, cattle, goats, sheep, foxes
and jackals were tested at NADDEC for RABV antigen
detection using Fluorescent Antibody Test (FAT) as pre-
viously described by OIE in 2013 [8]. Brain specimen
were stored in 50% glycerol-saline at —80°c and later
shipped to Instituto Zooprofilattico Sperimentale delle
Venezie (IZSVe, Italia) for RABV culture and viral RNA
extraction, and one-step RT-PCR and sequencing.

Viral RNA extraction

Under class II Biosafety cabinet, 30 mg of each sample was
homogenized with motor and pistol to mechanically lyse
the nerve cells, then 3.5 pL of cell suspension on RAI PBS,
guanidinium and f3-mercaptoethanol were lysed using a
vortex mixer, followed by one-minute centrifugation (12,
000). The entire procedure of RNA extraction was per-
formed by using the Nucleospin RNA II kit, following the
manufacturer’s instructions (Macherey—Nagel GmbH &
Co., Diiren, Germany). One hundred pl of supernatant
was pipetted and placed in new sterile RNA collection
tubes with columns to be washed with buffer and centri-
fuged 1 min (12,000 rpm). After DNA digestion on silicate
membrane and centrifugation, RNA was eluted from the
membrane. The purified RNA was eluted in a final volume
of 40 pl and subjected for amplification by One Step RT-
PCR.

One-step RT-PCR (reverse transcription- polymerization
chain reaction)

RT-PCR was performed using the One-Step RT-PCR kit
(Qiagen®, Germany), following the manufacturer’s in-
structions. Published primers were used to amplify a
603 bp region of the N gene as previously described [10].
This region of the N gene is highly conserved and in-
volved in the nucleoprotein region (450—451 amino
acids) that protects the genome from nucleases and me-
diates evasion or induction of type 1 interferon. PCR
products were visualised on 7% acrylamide gel electro-
phoresis (Fig. 2).

Nucleotide sequencing and analysis

PCR products were purified with ExoSAP-IT (USB Cor-
poration, Cleveland, OH) and sequenced in both direc-
tions using the Big Dye Terminator v3.1cycle
sequencing kit (Applied Biosystems, Foster City, CA),
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Fig. 2 Acrylamide gel electrophoresis of RT-PCR products targeting the Rabies virus N-gene of positive Rabies samples. Lane M = Roche DNA
marker; Lane P = positive control; Lane N = negative control; Lanes 1 to 8 are selected positive brain samples showing a 653 bp band size. A 7%
acrylamide gel electrophoresis showing representative results obtained with primers targeting the N-gene of Rabies virus

the Performa DTR Ultra 96-well kit (Edge Biosystems,
Gaithersburg, MD) and a 16-capillary ABI PRISM
3130x] Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). Nucleotide sequences were then assem-
bled using SeqScape v.2.5 program (Applied Biosystems
78,744 Austin, Tx).

Phylogenetic and Phylogeographic analyses

Phylogenetic analysis was based on partial N gene se-
quences. Original sequences were trimmed and aligned
with a set of sequences representing the genetic diversity
of RABV using MAFFT [11]. First phylogenetic analyses
were performed in maximum likelihood using PhyML,
implemented in Seaview [12]. Then, Bayesian phylogen-
etic analyses were implemented in BEAST (version
1.8.4) [13], using the most appropriate model according
to the corrected Akaike Information Criterion (AICc)
from Jmodeltest2 [14]. The model included the general
time reversible model of substitution with a gamma dis-
tribution and a proportion of invariant sites (GTR + I +
G). The random starting tree used the coalescent (con-
stant size) model. A relaxed molecular clock with an un-
correlated lognormal distribution was implemented in
combination with a tip date sampling [15]. The MCMC
(Markov-Chain Monte Carlo) was launched 3 times with
10 E7 iterations and 10 E3 samples each in order to
reach Effective Sampling Size (ESS) values above 200
after logs and trees files were combined using log Com-
biner with a 10% discard. In order to evaluate spacial dif-
fusion dynamics of rabies in Africa, a discreet
geographic model (i.e. based on country and associated
biogeographic zone) were coded as discrete traits for
each genetic sequence and incorporated into the model
as an additional data partition. Symmetric substitution
model and a social network using BSSVS (Bayesian Sto-
chastic Search Variable Selection) procedure were used

to infer a discrete ancestral state reconstruction and to
estimate most probable geographical diffusion pathways
[16]. This discrete model was complemented by a model
in continuous space, by using geographic coordinates of
taxa with Brownian random walk used as continuous
trait model with bivariate trait representing latitude and
longitude values. The ancestral state reconstruction
(geographic coordinates of nodes) was performed in
continuous space and for each ancestor to evaluate the
most probable diffusion route of lineages. The maximum
clade credibility tree with continuous traits was then
combined with GeoJSON map file (https://geojson-
maps.ash.ms) to produce the graphical output using
spreaD3 software version 0.9.7 [16].

Results

Knowledge, attitudes and practices of selected
households on rabies

In this study both Ntoroko and Moyo districts inter-
viewed population equally presented their dogs for vac-
cination against rabies. In Moyo 38.64% of respondents
owned dogs as compared to 57.50% in Ntoroko. Among
the interviewed households in Moyo and in Ntoroko,
45.45 and 47.50% had access to veterinary services, re-
spectively. Also, 36.36 and 42.50% of the respondents
who owned dogs presented their dogs for parental vac-
cination against rabies in Moyo and Ntoroko respect-
ively. The world rabies day (WRD) events participation
represented 13.64 and 2.5% of respondents in Moyo and
Ntoroko, respectively.

The association between knowing rabies (presentation,
risk, transmission) and knowledge of WRD showed that
all respondents had some knowledge about rabies while
10% only truly knew about rabies disease. Among the re-
spondents who took their dogs for vaccination, 20.00%
had some knowledge about rabies and 40.51% were
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knowledgeable about rabies. In both districts over 90%
all respondents were aware about rabies as a disease of
dogs, however only 18.99% of the responds washed their
wounds before seeking medical treatment to nearest re-
gional hospital.

The most affected age range of humans with dog bites
episodes was between 11 and 20vyears and female
accounted for most cases with 51,35% and 63,89 in Moyo
and Ntoroko, respectively (Table 1).

The study revealed that respondents in the two dis-
tricts of Ntoroko and Moyo were knowledgeable about
rabies and in agreement (P =0.665). From these 84 re-
spondents in Ntoroko and Moyo districts, majority of
the interviewed households knew the clinical signs and
how the virus is transmitted through dog bite (Table 2).
In Moyo and Ntoroko, respectively 63 and 55% of the
dog-bite victims that visited the hospital, were not aware
of wound cleansing and report to either hospital or to
the village health centres without cleaning the wound
but visited the health units for PEP.

Only 36.36 and 42.50% took their dogs to the commu-
nity vaccination centres in Moyo and in Ntoroko, re-
spectively. Farmers where not attentive presenting their
dogs for vaccination even some of them reported to be
bitten by stray dogs. In several instances, stray dogs were
then killed by shooting, chemical or poisoning and
others infected stray dogs died from rabid disease.

In Moyo only 25.00% young individuals attempted to
answer the questionnaires, while in Ntoroko there were
30%. In the adult age-class 43.00% respondents were
from Moyo and 37.50% from Ntoroko. In the highest
age-class, 27.27% respondents were from Moyo and
27.50% from Ntoroko district. In Moyo, 70.45% of re-
spondents were male and 62.50% in Ntoroko district,
while 29.55 and 37.50% were female, respectively.

Rabies virus detection and genetic analysis

Among thirty-five brain samples tested, 77.1% were posi-
tive for rabies by FAT (Table 3), and were unequally dis-
tributed among the different species (Table 4). The
phylogenetic analyses showed that the RABVs detected in

Table 1 Age distribution of rabies human cases bitten by
animals in the households of Moyo and Ntoroko districts,
Uganda (2012-2014)

Age Moyo Ntoroko

< 5° 4/37 (108)° 4/36(11.11%)
6-10 2/37 (541%) 12/36 (33.33%)
11-20 18/37 (48.65%) 13/36(36.11%)
21-30 3/37 (8.11%) 3/36 (8.33%)
>35 10/37(27.03%) 4/36 (11.11%)
Total 37 36

Legend: ® = year old; PPositive / total tested (%)
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the study belonged to the cosmopolitan lineage, with both
Africa 1A and Africa 1B clades detected (Figs. 1, 2, 3).
Four distinct sub-clades (sub-lineages) of RABV circulat-
ing contemporaneously in Uganda were identified (Fig. 3b).
Four sub-clades belong to the African 1B lineage and an-
other (6 sequences) to the African 1A group (Fig. 3). In
the present study, no Africa 1C related virus (SM2) was
detected. According to the discrete and continuous geo-
graphical models developed (Figs. 3, 4, SM1, 2 and 3), the
rabies genetic clustering correlates to biogeography (Fig.
3a) and the RABV detected in Uganda are related to sev-
eral phylogenetic lineages coming from several African
biogeographical zones (Figs. 3 and 4). Isolates identified as
13RS266_29/Jackal/2011/Kabongo/Uganda, 13RS266_3/
Dog/2012/Kabarole/Uganda,  13RS266_23/Bovine/2012/
Moyo/Uganda clustered with Tanzanian carnivore isolates
(DQY00555/Dog/2001/Tanzania, DQ900567/spotted
hyena/2004/Tanzania, = DQ900554/Dog/1998/Tanzania)
which belongs to Africa 1B lineage circulating in East and
Southern Africa.

A dog isolate from Moyo district (13RS266_9/Dog/
2010/Moyo/Uganda), strongly clustered with a Nigerian
strain (U22488_Nigeria_RVU22488) (Fig. 3 and SM1).
Together they form a clade that clearly diverges from
the root of all other Africa 1B.

Six Ugandan virus isolates from Northern and South
Western Uganda (13RS266_10/Dog/2012/Moyo/Uganda,
13RS266_14/Dog/2010/Moyo/Uganda, 13RS266_20/Dog/
Ntoroko/Uganda, 13RS266_1/Goat/2010/Ntoroko/Uganda,
13RS266_30/Bovine/2012/Kabarole/Uganda,  13RS266_8/
Dog/2010/Moyo/Uganda) were close to Sudanese isolates
from dogs (AY502129/Dog/2001/Sudan, AY502131/Dog/
2002/Sudan, AY502126/Dog/2001/Sudan) belonging to the
lineage Africa 1A circulating in dogs from Northern and
eastern Africa (Fig. 3 and SM1).

Virus strains of the African 1B group detected in
Uganda (mostly from Moyo, Ntoroko and Kabarole dis-
tricts, 2010 to 2012), clustered as a sister-clade of RABV
that circulated in Sudan since 2001 and appear to share
a common ancestor among the Afrotropical-Ethiopia-
Somalian Biogeographical zone (i.e. Ethiopian clade)
(Fig. 3). The relaxed molecular clock analysis suggests
that the diversification of this clade occurred during the
second half of the twentieth century. Phylogenetic ana-
lyses link the circulation of one lineage 1B in Uganda
(detected from 2010 to 2012 in all localities sampled) to
Tanzanian viruses and the episodic presence of a second
lineage (in 2010 in Moyo), also to a Tanzanian lineage.

Discussion

Rabies disease is endemic and remains an important
public health challenge in Uganda, because dog rabies is
poorly controlled and transmission of the rabies virus to
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Table 2 Knowledge, attitude and practices on rabies of different households of Ntoroko and Moyo districts, Uganda (2009-2012)

Observation Moyo Ntoroko P**
Knowledge Rabies 42/44 (9545)* 37/42 (92.50) 0.665
World Rabies Day 8/ 445 (18.18) 2/40 (5.00) 0.092
Mode of rabies transmission Water 0/44 (0) 1/40 (2.50) 0476
Bites 41/44 (93.2) 37/42 (92.5) 1.000
Dog’s Clinical signs Salivation 31/44 (70.5) 29/42 (72.5) 1.000
Biting objects p//44 (52.27) 29/40 (72.50) 0.057
Eating 0/44 (0) 1/40 (2.5) 0477
Sleeping 1/44 (6.27) 3/40 (7.5) 0.345
Excitement 5/44 (11.36) 3/40 (42.50) 0.001
Management (Vaccine) after bites Dogs 16/44 (36.36) 17/40 (42.50) 0.580
Cats 3/44 (6.82) 3/40 (7.50) 1.000
Treatment Wash wounds 8/44 (18.18) 2/40 (17) 0.935
PEP 28/44 (63.64) 22/40 (55) 0421

Legend: * = Positive / total tested (%); ** = p value at95% confidence limit

healthy humans or animals occurs mainly through bites
of infected dogs.

Children, mainly under 20 years old, account for over
50 % (50%) of the dog bite cases, with females being the
most impacted. This study highlights factors that con-
tribute to knowledge, attitudes and practices on handling
rabies outbreaks in the rural communities of Uganda.
Such risk factors should be targeted to reduce transmis-
sion and human death due to rabies. Apart from collec-
tion of quantitative and qualitative data from the study
districts, the study captured circulating rabies virus ge-
notypes from livestock, dogs, Jackals and foxes.

Both circulating rabies virus genotypes Africa 1A and B
in wild canines and dogs were detected using brain sam-
ples after molecular characterization in the laboratory.

According to the study, participants lacked comprehen-
sive knowledge about the disease. They were ignorant
about the significance of wound washing and reporting.
They believed that only domestic dogs and foxes transmit

Table 3 Source of the brain specimen tested for rabies by
Fluorescent antibody test from seven districts of the four
regions of Uganda (Central, Western, Eastern, and Northern)
(2009-2012)

District of origin

Number of specimen /positive (%)

Moyo 11/ 8 (72.7%)
Ntoroko 13/ 12 (92.3%)
Jinja /1 (100%)
Namayingo 1/ 1 (100%)
Kabongo 3/ 1 (33.3%)
Kabarole 5/ 3 (60%)
Kabale 1/ 1 (100%)
Total 35727 (77.1%)

rabies to humans. According to the study, vaccination of
rabies was covered in high risk areas only, therefore to ef-
fectively control the transmission and spread of rabies, it's
necessary to conduct vaccination exercise on a wider
coverage. Since Uganda and Tanzania are neighbouring
countries, they have similar rural settings and structures.
Such findings are in agreement with a KAP study con-
ducted in Tanzania by [18].

Though most of respondents knew rabies and its
transmission pathways through dog bites, they lacked
knowledge regarding risk factors and prevention. Factors
influencing transmission and spread of rabies in these
areas under study include limited knowledge, inappro-
priate practices, poverty and ignorance hence implying
higher risk of developing rabies in such communities.
Therefore, Intensive and impactful awareness interven-
tions are needed to address a number of negative factors
contributing to rabies infection and death among the
local communities.

In the Ntoroko and Moyo districts forty (40%) inter-
viewed population owned a dog. Less than Fifty percent
(<50%) of the respondents in both study districts never
submit their dogs for vaccination against rabies. Although,
dogs were the most affected domestic species confirming

Table 4 Animal species samples tested by direct Fluorescent
Antibody Test for Rabies antigen

Species Total tested Positive
Dog 19 15

Cattle 7 6

Goats 5 4

fox 1 1

Jackals 3 2

Total 35 27 (77.1%)
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(expended tree and maximum likelihood phylogeny with 222 taxa available in supplementary material, SM1 and 2)

their critical role in rabies epidemiology [19], rabid sus-
pected goats were reported to have bitten people in both
Ntoroko and Moyo (unpublished) districts. Eighty (80%)
of sampled goats involved in biting both humans and
other animals and eighty six (86%) of tested cattle, were
confirmed positive for RABV. Likewise, the disease was
previously reported by wildlife authorities in Kidepo

National valley park where twenty eight (28) jackals were
found dead and confirmed positive for RABV antigen
using FAT at National Animal Disease Diagnostics and
Epidemiology Centre [20].

Most of the dog-bitten victims traversed long journeys
to seek PEP services in the district referral hospital.
Health centers provided only first aid treatment of
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Fig. 4 Phylogeographic diffusion of rabies in Africa according to a continuous model. Spatial-temporal phylogenetic reconstruction using the
same genetic dataset as for Fig. 3: 84 rabies virus including 27 virus strains isolated in Uganda and the other major strains circulating in Africa.
Nodes and terminal taxa are represented by circles. Blue nodes are internal probable nodes, with position resulting from ancestral reconstruction
state. Other (colored) nodes represent terminal taxa. Main lineages Africa 1 to 4 are represented by number 1 to 4, respectively. Node size
represents the median length of the corresponding branch (and here reflects the age of the node). Red polygons represent the uncertainty
range around internal node position (location 80% HPD). Branches are color gradient depicted according to their rate of evolution (2, 34E-4
[1,29E-4 — 3,31E-4] 95%HPD; blue: slower rate; red: faster rate). Maps were downloaded from https://geojson-maps.ash.ms

wounds washing with clean water, soap and disinfectants
such as iodine. In some private clinics, the PEP services
were available but costly as previously observed [21].
Only 1/5 hospitals in the west Nile region provided PEP
services.

While dog bites in human are a serious public health
burden [22], in our study, over 70% of respondents who
go to clinic did not wash wounds before seeking medical
treatment. This is crucial because this simple measure de-
creases the risk to develop infection [23]. In agreement
with a previous study [24], 40% of people of Ntoroko and
Moyo districts are children victims of dog bites and that
can be attributed to their playful behaviour with dogs.
Both households had basic knowledge about rabies, but

most of the respondents had no prior knowledge about ra-
bies clinical sign in infected animals while all believed that
only dog is responsible of rabies transmission. In addition,
with respect to all variables studied, there was no signifi-
cant difference between Moyo and Ntoroko districts. The
majority of respondents declares to not wash the wounds
(70%), indicating a lack of basic prevention practices
knowledge in affected populations. Indeed, between the
two districts, 1/10th only of the respondents had know-
ledge about “World Rabies Day”, however none of them
participated. While more than 90% had no rabies know-
ledge, 20% of the interviewed households had knowledge
about dog vaccination but less than half of them presented
their dogs for vaccination.
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Phylogenetic analyses compared 27 RABV sequences
obtained from dogs, goats, cattle, jackals and fox from
seven districts of Uganda to other regional strains avail-
able from the literature and Genebank. The phylogenetic
analyses suggest a diversified circulation of RABV Africa
1 clade (cosmopolitan) in Africa echoed in our Uganda
sampling where we found four distinct sub-groups of
RABV Africa 1 (Fig. 3, SM1 and 2). Therefore, Africa 1A
and Africa 1B clades clearly co-circulating in Uganda
while no Africa 1C member was found. Moreover, se-
quences from Moyo and Ntoroko showed that both, the
Africa 1A and 1B clades, circulate in dogs, while the Af-
rica 1B only was isolated from dogs, jackals and fox of
Jinja, Kabale, Kabarole, Namayingo and Kabongo dis-
tricts, of the eastern, north eastern and western Regions
of Uganda. Consequently, the presence of mixed lineages
circulating between northern and western Uganda could
be associated to the movement of dogs or wild animals
like foxes, jackals, mongoose and hyenas along these re-
gions (Lake Albert and the Semliki River). Moreover, the
cross-border movements of animals between Sudan,
Democratic Republic of Congo, Tanzania and Uganda
could potentially contribute to the introduction of these
two cosmopolitan main lineages in Uganda. Indeed, the
location of Uganda at the crossroads of three major bio-
geographical regions (Afrotropical — Ethiopio-Somalian,
Afrotropical — Sudano-Congolian, Afrotropical - Zambe-
zian), may favor the local circulation of different rabies
lineages from adjacent regions (Figs. 3, 4 and SM1).

The temporal phylogeography of rabies in Africa high-
lights 3 probable major origins of diversification of Africa
2, Africa 3 and Africa 4 clades from the West, South and
North-East regions, respectively and estimates these
events to initiate in a period ranging from 1800 to 1900
(Figs. 3, 4 and SM1, 2, 3 and 4). Moreover, the Africa 1
clade exhibits a phylogeographic structuration in 3 main
clusters (1A: North-Eastern Africa to Uganda; 1B: West-
ern to Central and South-Eastern Africa: 1B and 1C: East,
mainly Madagascar), that suggests a gradual evolution of
RABV lineage 1 in Africa from three major geographical
origin (West, East and South) (Fig. 3, SM1, 2, 3 and 4). In
addition, the clustering of few viruses (including
12RS266_9/Dog/2010/Moyo/Uganda reported by this
study and U22488_Nigeria_RVU22488) in a rarely de-
tected clade that early diverges from the root of Africa 1B
clade, suggests the actual existence of yet unknown
missing-link taxa and a continuous diversification of sub-
clades (Fig. 3, SM1 and 2). This divergent clade, basal to
Africa-1B, sometimes classified in a polyphyletic Africa 1B
clade [25], or often omitted in more recent works, yet
clearly forms a sister-clade to Africa 1B and, may be con-
sidered independently of Africa-1A and Africa-1B and
seen as a separate lineage, that we propose to name
Africa-1D here (Fig. SM2). This putative new 1D clade is
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based on: 1°) The well supported clustering of RABVs
from Nigeria, Central African Republic, Uganda and
Tanzania in a clade basal to Africa 1B; 2°) The genetic dis-
tance of these viruses to other Africa 1A and Africa 1B
RABVS; 3°) The recent detection of RABVs in 2010 and
2011, from Uganda and Tanzania, respectively, which sug-
gests the actual circulation of this clade in dogs or wildlife.
These aspects strongly suggest the actual circulation of yet
unknown RABVs from this proposed Africa 1D clade in
the region.

Interestingly, even if some of these countries are dis-
tant, they all belong to the same biogeographical zone
[17] (Fig. 3, SM1). At first, one can hypothesize that ei-
ther 1/ a translocation of infected animals across the re-
gion may explain this pattern, 2/ a long time divergence
with respect to the genetic distance between these vi-
ruses with West to East independent and gradual evolu-
tion, eventually occurring during several waves.
However, given the paucity of the data that support
these hypotheses, there is a great need for further study
to detect other members of this sub-clade. Altogether,
biogeography, long-distance and transborder movements
are in favor of RABVs diffusion and a gradual long-term
evolution of RABVs Africa 1 since or before the middle
of the nineteenth century. The relaxed molecular clock
analysis suggests that the diversification of this clade oc-
curred at the latest during the second half of the twenti-
eth century. Phylogenetic analyses link the circulation of
one lineage 1B in Uganda (detected from 2010 to 2012
in all localities sampled) to Tanzanian and the episodic
presence of a second lineage (in 2010 in Moyo), also to a
Tanzanian lineage.

Limitation of the study

The study had limited funding and time for the re-
searcher to cover a wider scope of these two districts.
The study design was retrospective and descriptive. The
study implementation was focused on understanding the
risk and identifying Rabies control and prevention gaps
for the population. Also, the study sites where identified
to assess the transborder risk of rabies circulation.

Conclusions
This study demonstrated that rabies still remains a pub-
lic health hazard in Uganda. Scarcity of post exposure
prophylaxis services in the health centers was noted.
Low levels of knowledge regarding the importance of
wound washing was observed during the study. People
rarely knew the risk of encephalitis leading to death of
the victim. There is a vital need to create and support
programs aimed at rabies prevention and control in both
schools and communities.
Dog vaccination at wide scale would probably lower
the human cases and would stand for the next major
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step toward a successful prevention strategy. A strong
collaboration between veterinary and medical sectors
under a one health platform is also needed to ensure ad-
equate availability of preventative services to the
communities.

A bio surveillance (i.e. early warning of transborder
risk) of the RABV or RABV like strains circulation
among domestic and wild animals in Uganda is needed.
Moyo and Ntoroko districts (north western & western
Regions) had an active circulation of co-existing RABV
African 1A and 1B clades in dogs. The districts of Jinja,
Namayingo, Kabongo, Kabale and Kabarole (Southern,
East and North-Eastern_Regions) presented a single Af-
rican 1B clade only.

Despite the limited records available, our results sug-
gest that the RABV diversity circulating in Africa is
underestimated. We hypothesize that rabies strain diver-
sification is still ongoing (this is supported by the emer-
gence of a putative Africa 1D clade detected in Uganda)
and favored by limited and imbalanced immunization
coverage among animal populations, including unvaccin-
ated dogs and other free-ranging domestic animals.
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