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1  | INTRODUC TION

Addressing the spread of zoonotic diseases is a complex global 
health needs requiring interdisciplinary and multisectoral expertise 

and cooperation from governmental, non- governmental and edu-
cational agencies. One Health is a collaborative, multisectoral and 
transdisciplinary approach— working at the local, regional, national 
and global levels— with the goal of achieving optimal health outcomes 
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Abstract
In Uganda, the borders are highly porous to animal movement, which may contribute 
to zoonotic disease spread. We piloted an animal adaptation of an existing human- 
focused toolkit to collect data on animal movement patterns and interactions to 
inform One Health programs. During January 2020, we conducted focus group dis-
cussions and key informant interviews with participatory mapping of 2 national- level 
One Health stakeholders and 2 local- level abattoir representatives from Kampala. 
Zoonotic disease hotspots changed in 2020 compared with reports from 2017– 2019. 
In contrast to local- level participants, national- level participants highlighted districts 
rather than specific locations. Everyone discussed livestock species; only national- 
level participants mentioned wildlife. Participants described seasonality differently. 
Stakeholders used the results to identify locations for zoonotic disease interventions 
and sites for future data collection. This implementation of an animal- adapted popu-
lation mobility mapping exercise highlights the importance of multisectoral initiatives 
to promote One Health border health approaches.
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recognizing the interconnection between people, animals, plants and 
their shared environment (CDC, 2020). In Uganda, the One Health 
platform prioritized the following seven zoonoses in 2017 through 
a multisectoral, One Health Zoonotic Disease Prioritization work-
shop: anthrax, zoonotic influenza, viral haemorrhagic fevers, brucel-
losis, trypanosomiasis, plague and rabies (CDC, 2017; Sekamatte 
et al., 2018). Six of the 7 priority zoonotic diseases have been re-
ported in Uganda in recent years, especially in the West Nile region 
of Uganda bordering South Sudan and the Democratic Republic of 
the Congo (DRC).

In Uganda, the borders are highly porous to informal animal and 
human movement, which is common in countries where animal pro-
duction is not intensive (Valerio et al., 2020; JEE, 2017). Mitigating 
the importation, exportation or further spread of zoonoses requires 
their prevention, detection and control at ground crossings, along 
the porous land border and in border communities. This includes reg-
ular disease surveillance, the compulsory notification of prescribed 
zoonoses, animal inspection, movement quarantines, isolation of in-
fected premises, testing, treatment or vaccination and the depopu-
lation of infected animals or contaminated materials (OIE terrestrial 
code). All these interventions require knowledge of where, when and 
why animal populations move and interact with each other and with 
people (Merrill et al., 2017). This information is key in understand-
ing areas at highest risk for spread of zoonotic disease and where 
preparedness, detection and response efforts should be focused 
(Munyua et al., 2016; Oyas et al., 2018). However, the movement and 
connections of animals and trade systems are highly complex and 
dynamic, and concrete data are often scarce (Valerio et al., 2020).

With technical support from the US Centers for Disease Control 
and Prevention (CDC), the Uganda National One Health Platform 
and the Infectious Diseases Institute (IDI) have implemented human 
population movement risk assessments in the districts of West Nile 
and other parts of Uganda using the Population Connectivity Across 
Borders (PopCAB) toolkit. The PopCAB package is a low- burden tool 
used to characterize the formal and informal movement patterns 
and connectivity of mobile populations across and around borders. 
PopCAB facilitates the collection of qualitative, quantitative and 
geospatial data through national-  and local- level focus group dis-
cussions (FGD) or key informant interviews (KII) with participatory 
mapping (Merrill et al., 2021; Nakiire et al., 2020). This toolkit has 
been implemented in multiple African countries to address a vari-
ety of needs, including overall preparedness planning and to inform 
responses to Ebola and Lassa fever outbreaks (Kakaī et al., 2020; 
Merrill et al., 2021; Nanziri et al., 2020).

In line with their mission to support One Health, the Uganda 
Ministry of Agriculture, Animal Industries and Fisheries (MAAIF) 
collaborated with IDI and CDC to support the prevention of zoo-
notic disease spread in Uganda. Through planning discussions, the 
Ugandan districts of Arua and Moyo were selected to pilot the ad-
aptation of PopCAB to characterize cross- border and national- level 
movement of animals that may spread zoonotic diseases across the 
tri- state area of Uganda, South Sudan and DRC. The specific objec-
tives were to collect preliminary data on animal movement patterns; 

generate maps illustrating animal movements and interactions; iden-
tify geographic areas for zoonoses prevention and control interven-
tions, including areas for future local- level animal- adapted PopCAB; 
and disseminate results to stakeholders to facilitate discussions to 
strengthen multisectoral interventions and develop action plans. We 
present the initial results from our pilot, in advance of completing 
more in- depth local- level data collection, to inform others collecting 
animal movement data for the purposes of preventing cross- border 
and intracountry spread of zoonotic diseases.

2  | METHODS

The IDI and CDC conducted initial stakeholder engagement in 2018 
and 2019 with MAAIF, the Uganda Ministry of Health (MOH) vet-
erinary public health and surveillance teams, the Uganda country of-
fice of the Food and Agricultural Organization of the United Nations 
(FAO), Makarere University, the Uganda Wildlife Authority (UWA) 
and Veterinarians Without Borders (VSF). In preparation for these dis-
cussions, we identified recent zoonotic disease outbreaks in Uganda 
through desk review and facilitated discussions. Based on these dis-
cussions, we identified the Arua and Moyo districts for data collec-
tion activities, along with a plan for preliminary activities at both the 
national level and the local level in Kampala to evaluate the adapted 
toolkit. PopCAB materials, primarily the FGD and KII discussion guides, 
were adapted by MOH, CDC and IDI to tailor the guides to the zo-
onotic disease and animal movement context. We also made minor 
modifications to base maps, database structure and facilitator training 
materials as needed to match the discussion guides (Table S1). Changes 
were not made during this study to any materials, although after ac-
tion discussions were used to identify areas for improvement. CDC and 
the Uganda agencies approved the project through formal review that 
determined that the initiative did not meet the definition of research.

Infectious Diseases Institute facilitated 1 national- level FGD 
with 10 participants from MAAIF, 1 national- level KII with 1 FAO 
representative and 2 local- level FGD with the Wambizi pig abattoir 
(8 participants) and the City Market abattoir (5 participants). The 
City Market abattoir is one of the largest in the country, receiving 
animals from across Uganda and neighbouring countries.

Prior to the FGD or KII, participants were oriented to the 
purpose of the activity and given time to become familiar and 

Impacts

• Uganda's borders are highly porous to animal movement.
• Zoonotic disease outbreaks may result from cross- 

border spread by animals.
• Characterizing animal mobility can improve zoonotic 

disease prevention and control.
• Uganda piloted a toolkit to characterize and map animal 

mobility.
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comfortable with the map. Facilitators used the FGD and KII discus-
sion guides and relevant maps to ask participants to identify and de-
scribe areas of interest where they take or see animals. Participants 
identified routes of interest, areas of animal interaction and areas 
that fit with criteria as having One Health priority (e.g., history of 
zoonotic disease outbreaks, large numbers of animals, busy market-
place). Probing questions were used to inquire about the why, when 
and how of the animal movement, and where animals go after they 
reach the identified locations. The FGD and KII discussion guides 
were modified to include probing questions specific to animals and 
zoonotic diseases, including animal species (large livestock, small 

ruminants, pigs and wildlife), animal dispositions (live animals, fresh 
animal products and other animal products), methods of animal 
transportation, unique events with animal movement and season-
ality of movement.

Base maps were adapted to facilitate participatory mapping for 
animal locations and movement. National park boundaries, areas 
that might be used for grazing (e.g., large areas of grassland) and 
known markets and abattoirs were included in the base maps for 
Uganda, Kampala city and the Moyo and Arua districts. Facilitators 
from MOH and IDI recorded verbatim transcripts of the FGD and 
KII. Facilitators and notetakers collaborated to link specific locations 

(Continues)
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(Continues)
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F I G U R E  1   (a, b and c): Locations of zoonotic disease outbreaks between 2015 and 2018 (a), zoonotic disease outbreaks between 2019 
and 2020 (b) and all zoonotic disease outbreaks (c) mentioned by participants from focus group discussions with the Ministry of Agriculture, 
Animal Industries and Fisheries, The Wambizi Abattoir and the City Market Abattoir and a key informant interview with the Food and 
Agricultural Organization. *Districts in grey with bold names were specifically mentioned by participants
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and routes on the map with the verbatim notes using unique letter 
IDs. Additional map annotations were used, including animal species. 
After each FGD and KII, the notes were consolidated, unique IDs 
checked and map markings clarified for correctness. Using the typed 
notes and annotated map, each unique location and route were geo-
coded and listed in an Excel database.

We extracted information from the discussion notes about 
locations, animal species/type, seasonality/temporality, type of 
movement, reason for movement and number of animals. Results 
were analysed for major themes. Digital maps were created using 
ArcGIS and AdobePro software to reflect the animal PopCAB 

results and locations of previous and current zoonotic disease out-
breaks (Figure 1) and key locations, routes and animal species/type 
(Figure 2). After the January pilot, MOH, CDC and IDI adapted the 
discussion guides and implementation process based on feedback 
from participants and facilitators.

3  | RESULTS

Districts, rather than specific locations and routes, were the most 
frequently mentioned locations, mentioned equally in number 

(Continues)
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(Continues)
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across the four stakeholder groups (Table 1). When describing move-
ment patterns, participants at the national level highlighted districts, 
rather than specific locations, as destinations or points of origin. 
However, points of entry were mentioned 22 times, with MAAIF 
identifying 20 of these. MAAIF and FAO referenced grazing areas 18 
times, but neither abattoir mentioned them; however, only the abat-
toirs highlighted other abattoirs in Uganda. Cross- border routes to 
South Sudan, DRC, Kenya and Tanzania were mentioned primarily by 
MAAIF and FAO. The DRC was referenced the most (11 mentions).

Cattle were the most discussed animal (66 mentions). Small 
ruminants were mentioned more by the City Market abattoir (29 
mentions) than any other stakeholder group. Only MAAIF and FAO 
referenced wildlife or animal products. The City Market abattoir 
mentioned all animal species with the highest frequency.

Anthrax was the most mentioned zoonotic disease, both in num-
ber and locations of outbreaks, and Rift Valley fever (RVF) was the 
second most mentioned disease. Brucellosis was the third most men-
tioned disease, but it was not mentioned by either abattoir stake-
holder group. Informal movement (not through a monitored POE or 
check- point) was the most common type of movement described 
(91% of movement) compared with controlled movement (9%). 
Slaughter was the most frequently mentioned reason for movement 
(50 mentions).

Locations of zoonotic disease events changed in 2020 from re-
ports collected between 2017 and2019, as shown by Figure 1. New 
hotspots for zoonoses were identified (1B), and some previously 
identified hotspots (1A) were no longer mentioned by stakeholders.

Mapping of animal species by town and district highlighted the 
widespread farming and grazing land in Uganda and hotspots of 

particular species (Figure 2a). Stakeholders described the informal 
movement of animals from Kenya to Uganda and the formal move-
ment of animal products back to Kenya (Figure 2b). National- level 
stakeholders mentioned areas of national parks spanning 2 coun-
tries where moving livestock had heavy interaction with the wild-
life populations. Particularly porous stretches of the border were 
described by MAAIF, both near and far from points of entry used for 
transboundary animal grazing. Additionally, numerous movement 
patterns and connection points between routes identified within 
Uganda.

Participants described seasonality of movement differently 
(Figure 3). MAAIF highlighted lower trade and pastoral movement 
during the May to September period, but FAO highlighted a lon-
ger period starting in February. Both abattoir groups discussed the 
higher abundance of animals in rainy seasons, which correlates well 
with the main selling season occurring in the dry season, as high-
lighted by MAAIF. No participants discussed ecological changes, nor 
the movement of vector species, such as mosquitoes or ticks.

4  | DISCUSSION

The pilot demonstrated that the animal PopCAB adaptation can rap-
idly collect diverse and granular data to characterize animal move-
ment. Also, this activity was a forum to bring together multiple One 
Health stakeholders, not just for sharing knowledge but also learning 
from colleagues through the process. Information on animal move-
ments and interactions is critical in developing prevention, control 
and emergency plans for zoonotic diseases at the national, district 

F I G U R E  2   (a and b): Key locations, animal species and grazing areas (a) and major routes (b) mentioned by participants from focus group 
discussions with the Ministry of Agriculture, Animal Industries and Fisheries, The Wambizi Abattoir and the City Market Abattoir and a 
key informant interview with the Food and Agricultural Organization. *Districts in grey with bold names were specifically mentioned by 
participants

F I G U R E  3   Seasonality patterns 
mentioned by participants from focus 
group discussions with the Ministry 
of Agriculture, Animal Industries and 
Fisheries (MAAIF), The Wambizi Abattoir 
and the City Market Abattoir and a key 
informant interview with the Food and 
Agricultural Organization (FAO). Known 
dry months are shown in beige and known 
rainy months shown in blue
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and sub- district levels. National-  and local- level knowledge of animal 
movement is expected to differ based on direct experience and ani-
mal or human health priorities. As locations became more granular 
(points of entry, abattoirs, markets), they were mentioned more fa-
vourably by distinct stakeholders, abattoirs mentioned most by the 
abattoirs and points of entry or grazing areas mentioned more by 
MAAIF and FAO. This reflects the importance of identifying multiple 
diverse stakeholders when the topic in question is as broad as animal 
movement.

The One Health approach to preventing the spread of zoo-
notic diseases, especially cross- border, is an emerging topic of in-
terest to multiple sectors and agencies. In response to Uganda's 
concern about the cross- border spread of zoonotic disease and 
efforts to promote border health, population mobility mapping 
tools were adapted to the animal context to fill the knowledge 
gap about where animals are moving, how they move and inter-
act and the reasons for moving. Pilot implementation and results 
highlight areas of strength or places for improvement for the an-
imal adaption of PopCAB in facilitation, data collection and data 
management.

4.1 | Results interpretation

In Uganda, cattle are the most prevalent livestock species, and it is 
unsurprising that they were most frequently mentioned across all 4 
stakeholder groups (Uganda Bureau of Statistics, 2016). Given the 
findings that abattoirs mentioned all animal species with the high-
est frequency, stakeholders such as City Market are key in gath-
ering large amounts of data about multiple species, as their daily 
experience encompasses that of many other stakeholders. Only 
the national- level groups discussed wildlife consistently. Thus, a 
diverse assembly of stakeholders is key in gathering well- rounded 
information.

Informal movement was the most common type of movement 
described (91%), and this correlates well with the national- level 
information that the majority of cross- border animal movement is 
informal. The ratio of animals mentioned is in line with animal popu-
lation estimates for Uganda and the informal/formal movement per-
centages match expectations (Uganda Bureau of Statistics, 2016). 
This is supportive of the data well representing the big picture of 
animal movement for Uganda, although true representativeness is 
impossible. However, homogeny of results is not a reliable marker of 
quality data for this tool, as stakeholders may provide contrary data 
based on what information they both know and prioritize.

Anthrax and RVF were mentioned most frequently, which cor-
relates with notable outbreaks in Uganda since 2017, including the 
anthrax hippopotamus outbreak, and RVF outbreaks in multiple dis-
tricts (Cossaboom et al., 2019; Kisaakye et al., 2018; Nyakarahura 
et al., 2019). Of interest, brucellosis was the third most mentioned 
disease, but although it is a disease of concern to abattoir workers, it 
was not mentioned by either abattoir stakeholder group. This may be 
because FGD facilitation did not focus on this topic or the abattoir 

participants did not see this information as relevant. For either rea-
son, the importance of engaging multiple diverse stakeholders can-
not be overstated, as collecting data as representative as possible is 
unlikely if a narrow range of stakeholders is engaged. Also, locations 
of zoonotic disease hotspots can shift over time and this has sub-
stantial implications for resource allocation and intensity of surveil-
lance efforts.

4.2 | Implementation

The IDI facilitators were engaged early in the process of defining the 
project objectives. This early collaboration was key in successful ad-
aptation of the FGD discussion guides and FGD and KII facilitation. 
Although a discussion guide can ensure key themes are discussed 
with participants, facilitators need to know how to guide the topics 
and details because time to conduct the FGD is limited. The discus-
sion guides should always be adapted prior to use, ensuring local 
nuances are captured and that the discussion themes match the ob-
jectives. For example, the local- level pilot activity clarified that the 
initial local- level base maps, which reflected district- level informa-
tion, were challenging to use because animal movement was rarely 
restricted to the district. Future projects may need to consider a sup-
plemental national- level map for local- level FGD and KII.

Advanced planning for more complex map annotation was crit-
ical in this project because there were more variables to consider 
in the animal context than the human context, including grazing 
areas, multiple animal species and complicated seasonal patterns. 
Although the map annotation was mostly successful, some discrep-
ancies between the map and the written verbatim notes indicated 
that more facilitator and note- taking training was required to ensure 
map annotations were correctly linked to the notes. Themes such 
as seasonality or number of animals were particularly challenging to 
capture in the verbatim notes and the Excel database. Because one 
45- min FGD often provides insufficient time to gather complete in-
formation about each component, prioritizing 2 or 3 themes for each 
discussion may reduce stress on the facilitators and participants and 
ensure higher quality and focused data.

4.3 | Results application

Cognizant of the highly porous borders in Uganda, stakeholders 
were interested in learning how animals live and animal products 
move across these borders; frequency of animal inspection at points 
of entry; and how animals move in- country. All stakeholders wanted 
to learn more about which areas were affected by priority zoonoses 
to target public health interventions. Identifying areas of interaction 
of wildlife, livestock and people were key priorities at the national 
level so that the results could assist in positioning screening or isola-
tion facilities. Building on this, providing public health officers with 
a strategic view of animal movement in district-  and local- level con-
texts was important for resource allocation.
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Feedback from facilitators and stakeholders indicated that a 
large amount of important data were collected through a relatively 
quick and easy process. Stakeholders felt that both the database 
and digital map provided key information on inter-  and intracountry 
movement and areas of high animal density. Of note, they felt the 
information on why certain areas had high animal density or were 
places of connectivity were critical information for applying this data 
to targeted interventions. These interventions included targeted 
surveillance or risk communication in major animal trading and graz-
ing districts.

This pilot indicated areas for improvement in the future itera-
tions of this animal- adapted tool. The diversity of results on the same 
topic between the stakeholder groups indicate that involvement of 
diverse non- governmental stakeholders is necessary to collect com-
prehensive and representative information. Innovative adaptations 
were proposed, including expanding data collection to include eco-
logical patterns and vector movement, both of which are related to 
the spread of zoonoses. Dissemination of results to districts is also 
needed to support zoonotic disease surveillance initiatives both in 
Uganda and within the region. In addition, the activity itself provides 
a unique forum to educate participants on zoonotic diseases and dis-
ease reporting, which was not a pre- planned objective of this pilot, a 
need especially identified for participants at higher risk of zoonotic 
disease infections, such as abattoir workers.

Finally, due to COVID- 19 and the need to promote physical dis-
tancing or limit travel of facilitators, stakeholders suggested adapt-
ing the toolkit to support remote animal PopCAB activities. Training 
districts on the toolkit for routine data collection could replace the 
need for remote activities and bridge the gap of information scarcity.

4.4 | Summary

This pilot of an animal- adapted toolkit to gather information on pop-
ulation mobility highlights the importance of multisectoral initiatives 
to promote border health with a One Health approach, an emerging 
hot topic. Uganda is taking proactive steps to prevent cross- border 
and inter- district spread of priority zoonotic diseases. Results of the 
pilot and feedback from stakeholders and participants indicate that 
further use of this toolkit can provide granular and useful data at the 
national, district and sub- district levels.
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