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Abstract
Taenia solium taeniasis/cysticercosis in humans and pigs remains endemic to Uganda. Although, looking at 
the lifecycle of the parasite, the risk factors are well known, and many biomedical control options exist – no 
substantial progress has been made in the eradication of T. solium infections in Uganda to date. Contextual 
factors including socioeconomic, cultural and infrastructural factors, may influence the adoption of interventions. 
A community-based study using mixed methods and relying on system effects modelling approach was carried 
out between March and April 2021 in Kamuli district, Eastern Uganda, and Hoima district, Western Uganda. 
System effects modelling is a non-linear methodology that captures the varied nature of the unique, individually 
lived experiences and aggregates them to reflect what is experienced at a population level. The aim of the study 
was to capture individual stakeholder perceptions on the consequences of T. solium infections and barriers to 
practice known control options. Overall, 27 factors were identified by 192 participants as consequences of being 
infected with neurocysticercosis (NCC). For taeniasis, 35 factors were identified with 700 edges/connections made 
by the participants. Enlargement of stomach, weight loss, diarrhoea, weakness, and stunted growth were the 
most important consequences. Although porcine cysticercosis (PCC) seemed to be poorly understood by the 
participants, 14 factors were identified which included poor pig growth, loss of market for pig/pork, and poor pork 
quality. The study also identified important barriers hindering the adoption of control practices, including lack of 
knowledge on transmission, sociocultural factors, and resource constraints. For women, lack of knowledge on the 
mode of transmission and lack of a toilet in the compound ranked highly as important barriers with a weighted 
degree of 31 and 21, respectively, meaning they were identified by more participants unlike men who ranked lack 
of a toilet first with a weighted degree of 39, followed by lack of knowledge at 24. Different barriers are associated 

Why are toilets not used? Using system 
effects modelling to understand stakeholder 
perceptions on the impacts and barriers 
to Taenia solium control in Eastern 
and Western Uganda
Nicholas Ngwili1*, Salaviriuse Ahimbisibwe1,6, Derrick N. Sentamu2, Luke Craven3, Lian F. Thomas1,4 and 
Kristina Roesel1,5*

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12917-025-05026-x
http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-025-05026-x&domain=pdf&date_stamp=2025-9-19


Page 2 of 16Ngwili et al. BMC Veterinary Research          (2025) 21:588 

Background
Taenia (T.) solium is a zoonotic cestode which causes 
T. solium taeniasis in humans as well as cysticercosis in 
humans and pigs [1]. Humans are the definitive hosts 
harbouring the adult T. solium worm (taeniasis) after 
consuming undercooked or raw pork infected with cysts. 
Scavenging pigs are exposed to T. solium eggs dispersed 
in the environment through open defecation by taenia-
sis carriers, resulting in the larval stage cysts developing 
in the intermediate porcine host porcine cysticercosis 
(PCC) [2]. Environmental contamination with T. solium 
eggs in areas with poor sanitation and hygiene provides 
a pathway for humans, as aberrant hosts [3]. They ingest 
T. solium eggs that hatch into larvae which can migrate 
to striated/heart muscles and sub-cutaneous tissues 
human cysticercosis (HCC). The cysts tend to migrate 
and encyst in the central nervous system including the 
brain, causing human neurocysticercosis (NCC) [4, 5]. In 
endemic settings, T. solium has been estimated to cause 
approximately 30% of preventable epilepsy cases [5]. T. 
solium is endemic to Uganda, and transmission is largely 
attributed to the presence of risk factors across pig rear-
ing regions of the country. These include free ranging of 
pigs, open defecation of infected humans, weak enforce-
ment of pork inspection, consumption of undercooked 
pork, weak human and animal health services, poverty, 
and poor sanitation [6–9]. T. solium infections are an 
exemplary health problem which require a One Health 
approach to address because the diseases occur at the 
intersection of human, animal and environmental health 
and its control requires the integration of the three fac-
ets, including the social environment [10, 11].

The World Health Organization of the United Nations 
(WHO) identified T. solium as one of the eradicable 
neglected tropical diseases (NTD) and called for inten-
sified control of the diseases in hyperendemic areas by 
2030 through its NTD roadmap 2021–2030 [12]. Con-
trol of the parasite involves change of practices includ-
ing pig husbandry, pork consumption and preparation, 
individual and household hygiene which can be improved 
through health education, pig vaccination and treat-
ment and the treatment of humans using dewormers 
such as praziquantel. Globally, T. solium control strat-
egies including health education are implemented in 
local settings which have unique sociocultural and eco-
nomic contexts which can influence adoption and need 
to be well understood [13]. Although, a toolkit of control 

strategies exist, no substantial progress towards wide-
spread control has been made to date [14, 15]. Designing 
effective strategies and interventions for T. solium con-
trol requires a deeper understanding of the contexts and 
drivers that support maintenance of transmission but 
also the mitigation of its risk factors within households 
and communities. Contextual factors including socioeco-
nomic, cultural and infrastructural factors may influence 
the adoption of the interventions as has been shown in 
Uganda and Zambia [16–18].

The complexity of human behavior, its drivers, how this 
is amplified in society, and the interconnections between 
different variables require innovative study method-
ologies. System effects (SEM) modelling is a non-linear 
methodology that captures the varied nature of unique 
individually lived experiences and further aggregates 
them to reflect what is experienced at a population level. 
The integrative approach draws on soft systems method-
ology, fuzzy cognitive mapping, and graph theory [19]. It 
can investigate different impacts, barriers, enablers, and 
perceptions around given issues within a system. SEM 
can therefore help to understand the drivers of human 
behavior and how to modify them at an individual and 
societal level to cause change [19, 20].

The current study uses the SEM to understand the local 
community’s perceptions regarding barriers towards 
adoption and utilization of practices intended to con-
trol T. solium. Based on the “how to prevent the pork 
tapeworm” poster, the transmission of the parasite can 
be interrupted by using toilets, keeping pigs confined in 
pens, vaccinating or treating pigs, meat inspection, cook-
ing pork thoroughly to kill the cysts, washing hands, 
fruits and vegetables and taking dewormers to kill the 
tapeworms in humans [21]. The current study focuses 
on toilet use, pig confinement and pork preparation. 
The study further sought to understand consequences 
of T. solium infections as perceived by the local com-
munity. To be able to understand the complex intercon-
nections, we focused on individual perceptions of the 
consequences and barriers to adopting recommended 
practices. This ensured we fully captured the dynam-
ics among individuals that shape behavior and decisions 
making process on the practices to adopt. This empirical 
evidence will contribute to a better understanding of why 
levels of T. solium remain high even though biomedically, 
the parasite appears easy to control, potential risk factors 
are known, and a set of control options exist.

with the adoption of T. solium control practices among community members, stakeholders, and farmers. Despite 
efforts to address T. solium infections, misconceptions and limited understanding persist among stakeholders, 
particularly regarding NCC and its associated consequences. The system effects approach supports developing 
contextualized interventions to help in the control of the diseases associated with this parasite.
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Materials and methods
Study area
The study was conducted between March and April 2021 
in Kamuli district, Eastern Uganda, and Hoima district, 
Western Uganda. The two districts have a high number 
of pig-rearing households and high demand for pig meat 
and pig products [22]. The study districts have differ-
ent cultural, socio-economic, physical and environmen-
tal contextual factors which shape the occurrence of T. 
solium infections and its control as reported by Ngwili et 
al. [8].

Study design and selection of stakeholders
A community-based, mixed qualitative and quantitative 
study design relying on system effects approach for data 
collection and analysis was used. We organized com-
munity group meetings based on stakeholder roles in 
T. Solium control as shown in Table  1. The participants 
were selected from the following stakeholder categories: 
pig farmers, community leaders, animal health assistants, 
human health assistants and pig/pork traders. Ten com-
munity leaders from each district were randomly selected 
from a list of 30 village leaders provided by the District 
Veterinary Officers. For farmers, the participants were 
randomly selected from a list of pig farmers who partici-
pated in the cross-sectional study in 2019 [8] using the 
“random function” in Excel. The remaining categories 
were purposively selected across the subcounties in the 
districts following discussion with the district veterinary 
officer or district health officer. A maximum of 10 par-
ticipants per category were invited for the group meeting 
to ensure social distancing as per COVID-19 pandemic 

protocols. For the pig farmer stakeholder category sepa-
rate group meeting were held for men and women. 
Data collection was facilitated by two enumerators flu-
ent in Runyoro language for Hoima district and Lusoga 
language in Kamuli district with the support of the lead 
researcher.

Data collection
Participants were invited for a group meeting where T. 
solium infections and the SEM approach was explained 
to them. This was done to reduce variations in the expla-
nation offered and this was feasible logistically. The data 
collection was done in two parts focusing on (i) the con-
sequences of being infected with NCC and taeniasis in 
humans and infection of pigs with PCC and (ii) the barri-
ers to the adoption of practices which can disrupt trans-
mission along the parasite’s life cycle. The participants 
were issued with flip charts and marker pens to aid in the 
exercise. To ensure that the participants understood the 
approach, the process was explained and simulated using 
a normal occurrence, e.g. the scenario of losing a phone. 
For consequences, the participants were asked to draw a 
circle in the middle of the manila paper and write “when 
I lost my phone” in the middle of the circle. They were 
then guided to individually draw outward-facing arrows 
to denote the various consequences of losing a phone and 
draw any connections which existed between the listed 
consequences to generate a rich picture to relate their 
experiences and perceptions as described by Craven [19] 
(Fig. 1).

The simulation exercise was repeated to collect data on 
barriers to implementing the different practices, with the 

Table 1  Stakeholder categories and their description
Stakeholder 
category

Description/Target person or group Relevance to T. solium control Method for data col-
lection & number of 
group meeting across 
the districts

Number of 
partici-
pants

Pig farmers Pig farmers randomly selected from a list 
of pig farmers from 30 villages

They are responsible for control of the parasite at 
the intermediate and final host stage by practic-
ing proper hygiene and good pig husbandry.

6 with men
6 with women

n men = 56
n 
women = 60

Community 
leaders (Local 
Council chair-
man 1)

Selected randomly from villages across 3 
sub-counties

They are village leaders and are the link between 
the national government administration and the 
community. They are involved in enforcing latrine 
use and other bylaws within the village.

2 n men = 14
n 
women = 5

Animal 
Health 
Assistants

Purposively invited through the district 
veterinary officer and were drawn from 
the different sub-counties in the district.

They oversee meat inspection and promotion of 
good animal husbandry at sub-county level.

2 n men = 14
n 
women = 4

Human 
Health 
Assistants

Purposively selected and invited through 
the district health officer and were drawn 
from the different sub-counties in the 
district.

They oversee human health activities in a sub-
county and act as the heads of level 3 health 
facilities (the government health facility at the 
sub-county level

2 n men = 12
n 
women = 8

Pig/pork 
traders

Selected by snowballing from differ-
ent sub-counties within the district 
starting from the district headquarters. 
Three traders were picked from each 
sub-county.

They buy pigs from farmers and operate butcher-
ies and pork joints at the sub-country level where 
they sell raw and ready-to-eat pork.

2 n = 19
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process being the same, but inward arrows were drawn 
into the factor/node in the middle of the sketch. The links 
between the listed factors were drawn to show the inter-
actions between the different factors or nodes within the 
network. The participants wrote in the local language but 
at the end of the data collection, the facilitators inserted 
the English translation with the help of the village elders. 
Additionally, the facilitators moved around the room and 
probed for further information on the points listed by the 
participants. A guide which had developed and reviewed 
by 2 experts was used which contained the probes the 
facilitators used to guide the participants through the 
exercise. Each manila paper was labelled with a unique 
code representing the participants’ stakeholder category 
and the village name, photos of each were taken and 
labelled with the same code. All hard copies were col-
lected and stored.

The participants were asked what makes it hard/dif-
ficult or the obstacles in adopting the practices which 
aim at breaking or disrupting the transmission of the T. 
solium infection. The practices included (1) use of toilets, 
(2) washing hands, fruits, and vegetables, (3) deworm-
ing children and adults regularly, (4) pig confinement, 
(5) meat inspection, (6) proper cooking of pork, and (7) 
selling inspected pork. Special focus was given to the 
farmer category, and the groups are disaggregated by 
gender. This approach helped us to identify how the dif-
ferent genders experienced the barriers and how they 
responded to specific challenges affecting them. For the 
other categories we relied on government officials where 

gender parity does not exist. The pig or pork trader cate-
gory was dominated by men and therefore it was not pos-
sible to get female participants.

Data management and analysis
Data entry for both the consequences of and barriers to 
control the diseases was done in the system effects plat-
form (https://systemeffects.com) developed by Luke ​C​r​
a​v​e​n​. Data were analysed in the same system effects by 
producing different system effects maps to visualize the 
relationship and importance between the various nodes. 
The analysis involved aggregating the individual maps to 
represent the community. During analysis the individual 
maps were taken as network diagrams with the factors/
consequences representing the nodes and the connection 
between them taken as edges [23]. Additionally, the data 
matrix was downloaded as Excel files (.csv), transformed 
and uploaded as adjacency matrix for further analysis in 
the network mapping software Gephi (https://gephi.org/) 
to produce more visuals and statistics. In Gephi, directed 
network graphs were generated using the Fruchterman-
Reingold force directed layout algorithm [24]. The nodes 
represented the barriers to the identified practices and 
consequences of the three diseases. Each connection rep-
resented the number of participants identifying that link. 
We had tried to analyse the data at the district level, but 
this was not producing any reasonable differences, and 
the factors were too many making visualization difficult 
hence the difference between the districts was described 
qualitatively.

Fig. 1  Simulation of capturing consequences of an event under the system effects methodology (Frame A) and capturing barriers to a practice (Frame 
B). Photo credit: Nicholas Ngwili, ILRI

 

https://systemeffects.com
https://gephi.org/
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We report the PageRank and eigenvector centrality 
scores for the different nodes which represented the con-
sequences or barriers in the network. Eigenvector cen-
trality shows how a node is central if it is connected to 
other important nodes within the matrix and it is calcu-
lated based on the nodes connection to other nodes and 
their centrality [25]. On the other hand, PageRank or the 
importance score is an algorithm that ranks nodes based 
on their importance by considering the number and 
quality of inlinks to calculate the importance score [26]. 
The PageRank score uses the eigenvectors to determine 
the importance of a node with the matrix or network 
map. For example, nodes linked to other highly ranked 
node will have a higher PageRank score. Weighted in-
degree is the sum of the weights assigned to each edge/
link connecting to a node while weighted out-degree is 
the sum of the weights assigned to each edge/link con-
necting from a node [27]. The weighted degree is the sum 
of both weighted in-degree and out-degree. Between-
ness centrality measure the times a node acts as a bridge 
between two other nodes, in other words the node act-
ing as connectors to other parts of the network [28]. Cen-
trality scores were not because the participants did not 
build connections between the nodes or factors possibly 
because they did not comprehend how the points they 
raised were connected within the system.

For the consequences of the 3 diseases, the participants 
appeared to have limited knowledge on the transmission 
pathway and the resultant disease. This led to mix up of 
the consequences they identified in the sketched network 
diagram where some consequences were indicated under 
the wrong infection type. For example, consequences 
due to PCC being indicated under consequences due to 
NCC or taeniasis. To make sense of the network, a data 
cleaning exercise was incorporated where some conse-
quences were dropped during further analysis based on 
the authors biomedical knowledge and literature.

Results
Although data were collected for all perceived barriers to 
toilet use, washing hands, fruits and vegetables, deworm-
ing, confinement of pigs, meat inspections, cooking pork 
well, in this paper, we report on barriers to toilet use, 
pig confinement and proper pork preparation. These 
were selected based on the pathway of infections in the 
T. solium life cycle. Infective materials become avail-
able in the environment through failure to use toilets or 
poor sanitation. The life cycle of the parasite is perpetu-
ated by having unconfined pigs which eat the eggs while 
scavenging and developing the intermediate stage which 
is infective to humans if poor cooked pork is consumed. 
Cooking pork well is the last “line of defense” to the 
humans from infections and therefore barriers to cook-
ing pork well are also emphasized. Moreover, humans 

ingesting infective eggs from the environment due to 
poor hand washing practices, may develop NCC as acci-
dental hosts. Additionally, the perceptions on the conse-
quences of taeniasis, NCC and PCC, are presented and 
discussed. Additional data on barriers to the other prac-
tices are mentioned in the tables and figures included in 
the supplementary materials (supplementary File 1).

Demographic characteristics
A total of 192 discussants participated in 22 group meet-
ings that comprised of 12 group meetings with pig farm-
ers, two each with animal health assistants, human health 
assistants, community leaders, and pig/pork traders 
(Table  1). For the pig farmers, six group meetings were 
conducted in each district, and one meeting in each dis-
trict for the other stakeholder categories. The overall 
sample comprised of 60 women and 56 men for the pig 
farmer category and 76 participants from the other stake-
holder categories all together.

Consequences of NCC
Overall, 27 factors were identified by 192 participants as 
consequences of being infected with NCC. A total of 13 
factors were dropped because they appeared to be related 
to taeniasis and were identified possibly due to lack of 
knowledge on T. solium infections among stakeholders, 
leaving 14 factors that the participants perceived as direct 
consequences of NCC. The consequences have been pre-
sented in Table  2 and are ranked in descending order 
based on the number of times they were mentioned by 
the participants or the weighted degree. The network was 
also visualized using an aggregated network map with the 
thickness of the arrows representing the weight of the 
edges (Fig.  2). Having seizures was mentioned by most 
participants as shown by the weighted indegree of 121, 
it was also the most connected node within the network 
as shown by the weighted outdegree of 36. The impor-
tance and influence of having seizures as a node within 
the network was also high, PageRank of 0.11 and eigen 
centrality of 1. Stigmatization, inability to attend school, 
impaired cognitive development, accidents, and death 
were also influential factors within the network. The 
participants explained that once someone starts having 
seizures, nobody wants to associate with them and they 
cannot work anymore and for school children, they stop 
going to school. Some nodes also had also acted as inter-
mediaries or bridges by connecting other nodes within 
the network as shown by the high betweenness centrality. 
Stunted growth, seizures and headaches had the highest 
betweenness centrality of 117, 67.1 and 60.5, respectively. 
When probed, the participants also cited these as the 
main symptoms of epilepsy. They explained that having 
epilepsy also affected the growth rate of children and 
therefore stunted growth was a major consequence. A 
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graphical presentation of the PageRank is presented in 
Fig. 3 with the size of the circles showing the PageRank of 
each factor, the larger the circle, the more important the 
node (high PageRank).

Consequences of taeniasis
For taeniasis, 700 edges were made by the partici-
pants from 35 factors with 13 of them being dropped 
because they were not related to taeniasis. Enlarge-
ment of stomach, weight loss, diarrhoea, weakness, and 
stunted growth were the most important consequences 

of taeniasis, weighted degree of 190, 135, 121, 85 and 74, 
respectively (Table 3). These factors also appeared to be 
more influential within the network as shown by the high 
eigenvector centralities. The network seemed to be more 
complex and had several nodes being connectors within 
the network. Enlargement of the stomach, loss of weight, 
stunted growth, weakness and diarrhoea ranked highly 
(Table  3). The participants explained that children who 
had worms usually have large stomachs, do not feed well 
and hence do not grow well. This shows these nodes are 
crucial in the flow of information within the network.

Table 2  Network statistics on consequences of infection with NCC as indicated by the participants ranked by importance (weighted 
degree)
Consequences of NCC infection Weighted 

indegree
Weighted 
outdegree

Weighted 
degree

PageRank Eigenvector 
centrality

Between-
ness 
centrality

Stunted growth 104 21 125 0.157544 0.886571 117
Seizures or convulsions 121 36 157 0.113108 1 67.1
Headache 45 19 64 0.039457 0.363657 60.5
Body weakness 64 17 81 0.053182 0.693327 40.1
Accidents 41 8 49 0.043872 0.385846 25
Delayed mental development 80 15 95 0.060278 0.78063 18.1
Stigmatization 63 4 67 0.066703 0.917229 9.4
Sickness 11 4 15 0.033259 0.419911 5.4
Loss of memory 26 2 28 0.04468 0.504508 5.3
Cannot work/attend school/education 19 1 20 0.05249 0.60088 3
Loss of weight 15 2 17 0.028281 0.261609 1
Death 44 0 44 0.05903 0.432458 0
Confusion 18 1 19 0.035451 0.382157 0
Fever 15 2 17 0.009903 0.001998 0

Fig. 2  An aggregated network map on the consequences of NCC infections as indicated by the participants. The thickness of the edges (arrows) is pro-
portional to the weighted-out degree representing the number of participants mentioning that node/factor (generated in Gephi)

 



Page 7 of 16Ngwili et al. BMC Veterinary Research          (2025) 21:588 

Table 3  Consequences of taeniasis as indicated by the participants ranked by importance (weighted degree)
Consequences of taeniasis Weighted 

indegree
Weighted 
outdegree

Weighted 
degree

PageRank Eigenvector 
centrality

Between-
ness 
centrality

Enlargement of the stomach 133 57 190 0.076174 0.97119 249.1
Loss of weight 100 35 135 0.067141 0.997176 183.3
Stunted growth 66 8 74 0.128229 0.987568 174.4
Weakness or can’t walk 75 10 85 0.074405 1 111.8
Diarrhoea 97 24 121 0.026123 0.59182 105.5
Itching of body parts 24 1 25 0.024862 0.085243 30.2
Swollen body parts 25 2 27 0.025435 0.431519 29.7
Blood in stool 5 2 7 0.009306 0.111157 25
Anemia 22 4 26 0.02678 0.665298 24.5
High treatment cost 31 1 32 0.064638 0.756681 24.2
Headache 40 14 54 0.020581 0.534601 14.4
Loss of appetite 32 4 36 0.02678 0.665298 11.2
Spread of diseases 5 1 6 0.011553 0.024825 3.8
Shed worms 14 4 18 0.013354 0.292586 0.5
Vomiting 15 2 17 0.011646 0.183303 0.22
Appearing sickly 16 1 17 0.009306 0.111157 0
Constipation 11 1 12 0.011646 0.183303 0
Digestive tract complications 9 2 11 0.007599 0.001873 0
Reduced immunity 5 0 5 0.03016 0.374148 0
Body rash 5 1 6 0.007599 0.001873 0
Pain in body parts 4 0 4 0.007599 0.001873 0
Cannot work/attend school 3 0 3 0.007599 0.001873 0

Fig. 3  Ranking of consequences of NCC as indicated by the participants by in-degree and outdegree. The circles size represents the PageRank value for 
each factor (generated in the system effects platform)
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Consequences of porcine cysticercosis
For PCC 34 factors were identified by the participants 
with 20 factors being dropped. Although PCC seemed to 
be poorly understood, poor pig growth, loss of market for 
pork, poor pork quality, and spread of diseases were the 
most identified issues by the participants with weighted 
degree of 96, 62, 41, 41 respectively (Table 4). Poor body 
condition, stunted growth and poor pork quality were 
important connectors or bridges across different parts of 

the network as shown by the betweenness centrality of 
26.5, 18.1 and 11.3, respectively.

Barriers to toilet use
Overall, 582 edges were made by the participants from 
across all stakeholder categories on what makes it hard 
for people to access and use of toilets. The analysis shows 
that about 25 factors hindered the use of toilets with 16 
of these being identified by majority of the stakehold-
ers (weighted degree > 10) (Table  5). Lack of knowledge 

Table 4  Consequences of PCC in pigs as indicated by the participants ranked by importance (weighted degree)
Consequences of porcine 
cysticercosis

Weighted 
indegree

Weighted 
outdegree

Weighted 
Degree

PageRank Eigen centrality Between-
ness 
centrality

Poor body appearance 19 7 26 0.03776 0.2178 26.5
Stunted growth 85 11 96 0.0392 0.41075 18.1
Poor pork quality 39 2 41 0.09214 0.49467 11.3
Increased cost of treatment cost 26 2 28 0.07555 0.58502 11
Loss of market for pork 60 2 62 0.07244 0.4999 2.5
Spread of diseases 41 0 41 0.01173 0.00392 0
Rough hair coat 32 1 33 0.02897 0.44987 0
Transmits to people 18 6 24 0.01173 0.00392 0
Cysts in tongue 10 2 12 0.01173 0.00392 0
Digestive tract complications 6 0 6 0.02669 0.02195 0
Condemnation of pigs or pork 4 0 4 0.01173 0.00392 0
Change of body color 2 2 4 0.01173 0.00392 0
Reduced immunity 2 0 2 0.01173 0.00392 0
Constipation 2 0 2 0.01173 0.00392 0

Table 5  Barriers to toilet use as indicated by the participants (aggregated for all stakeholder categories)
Barriers to toilet use Weighted indegree Weighted outdegree Weighted degree Eigenvector centrality PageRank
Lack of knowledge 1 96 97 0.027143 0.024126
Lack of toilet 0 84 84 0 0.016934
Social and cultural factors 0 55 55 0 0.016934
Lack of money/Economic reasons 0 48 48 0 0.016934
Negligence 0 34 34 0 0.016934
Laziness 0 27 27 0 0.016934
Ill health (sickness) 0 23 23 0 0.016934
Poorly constructed toilet 0 20 20 0 0.016934
Disability and weakness 0 19 19 0 0.016934
Poor soil texture 0 17 17 0 0.016934
Lack of public toilets 0 17 17 0 0.016934
Lack of land 1 15 16 0.027143 0.024126
Distance to the toilet 0 13 13 0 0.016934
Fear of toilet use 0 11 11 0 0.016934
Alcohol abuse 0 10 10 0 0.016934
Age (too young children) 0 10 10 0 0.016934
Presence/closeness of bushes 0 8 8 0 0.016934
Pregnancy 0 6 6 0 0.016934
Poor mindset 0 5 5 0 0.016934
Population growth 0 4 4 0 0.016934
Lack of construction materials 0 4 4 0 0.016934
Weather 0 3 3 0 0.016934
Lack of stakeholder sensitization 0 3 3 0 0.016934
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on the negative effects of open defecation (97), limited 
access to toilets (84), sociocultural factors, for exam-
ple beliefs that pregnant women should not use toilets, 
women in childbearing age should not use toilets and 
children faeces are not harmful and therefore they can 
defecate in the open (55), insufficient funds for construc-
tion (48) ranked highly based on the weighted degree. 
Lack of land and lack of knowledge on toilet construction 
appeared to be influential and important both having an 
eigenvector centrality of 0.027 and PageRank of 0.024. 
This is further supported by the figures visualizing their 
position and influence within the network map (Figs.  4 
and 5). Looking at the difference in the factors across the 
different stakeholder categories, lack of knowledge was 
ranked highly by community members (55), community 
health workers (17) and community leaders (5). The other 
factors were ranked differently depending on the type of 
stakeholder with the community members ranking lack 
of toilets highly at 60, community leaders ranked lack of 
knowledge at 5 and community health workers ranked 
sociocultural (e.g. belief that pregnant women should not 
use toilet) at 18 (see Tables 8, 9 and 10 in supplementary 
materials).

The data collection and analysis were also disaggregated 
by gender for the barriers to toilet use because women 
and men may be affected differently and at varying scales 
by the factors. There was similarity in the factors identi-
fied by both women and men as barriers to toilet use but 

these factors received different weights. For women, lack 
of knowledge and lack of toilet in the compound ranked 
highly as important barriers with a weighted degree of 
31 and 21, respectively (Table 6) unlike men who ranked 
lack of toilet first with a weighted degree of 39, followed 
by lack of knowledge at 24 (Table 7). Negligence (not will-
ing to construct or use toilet), laziness (not willing to dig 
and construct toilets), economic reasons (lack of money 
to construct toilets), and sociocultural were other impor-
tant factors for both men and women as well as distance 
to toilets and poorly constructed toilets.

Barriers to proper cooking of pork
The most important barriers as indicated by their 
weighted degrees were lack of time to cook pork well 
(92), lack of fuel or firewood (79), liking for meat (impa-
tience to wait until it is ready) (78), and lack of knowledge 
on how to prepare the pork (Table  4 in supplementary 
material). Other factors include the preference for meat, 
having too many clients or users who pressure the pork 
joint operator to cook fast, extreme hunger, lack of cook-
ing skills, negligence (not willing to do the right thing), 
lack of cooking utensils, laziness, alcohol abuse, profit 
maximization (interested in selling more than ensuring 
pork is well cooked), and lack of water.

Fig. 4  Ranking of barriers to toilet use as indicated by the participants based on in-degree and out-degree with the circles size and colour representing 
the PageRank value for each factor (generated in system effects platform)
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Barriers to pork inspection
Based on our analyses, there were several significant 
obstacles to inspecting pork for human consumption as 
shown by the high weighted degree. These included the 
lack of centralized slaughter points (33), knowledge gaps 
in how to conduct inspection of pork (30), low staffing 
of meat inspectors (16), lack of laws to support enforce-
ment of meat inspection (10) as well as resistance from 
some actors and interference from other state or political 
actors (15). Other barriers included the lack of inspec-
tion tool kits (11), and corruption (9) (Table 5 in supple-
mentary materials). Moreover, there were traders who 
avoided inspectors, lack of stakeholder sensitization, 
transport for inspectors, and sick pigs being cheaper 
and therefore traders bought these intentionally to save 
on cost. Additionally, there were difficulties in detecting 
cysts by the inspectors, and other barriers such as lack of 
collaboration between stakeholders, insecurity (the meat 
inspectors feeling not safe from physical harm or threat 
as they enforce meat inspection regulations),, negligence, 

poor mindset (not interested in doing the right thing), 
laziness, failure to compensate the pig owner for con-
demning the meat, alcohol abuse (consumer not able to 
inspect pork when buying), poor accessibility to slaughter 
points with skilled meat inspectors, inapparent infection 
(refers to PCC being asymptomatic), and the effect of 
cysticercosis not being appreciated by the stakeholders.

Barriers to washing hands, fruits, and vegetables
The key barriers to adequate washing of hands and fruits 
included lack of knowledge on why it is important to 
wash hands and fruits (91), lack of water (85) lack of time 
to wash hands or fruits before eating (35), liking for meat 
making people impatient (11) (do not wash hands before 
eating), laziness (46), lack of washing facilities (42), poor 
hygiene and sanitation practices (like not using soap) 
(28), negative mindset (not willing to do the right thing) 
(7), disability and weakness (5).(Table 6 in supplementary 
materials).

Fig. 5  An aggregated network map on the barriers to toilet use as indicated by the participants. The thickness of the edges is proportional to the 
weighted-out degree representing the number of participants mentioning that node/factor (generated in system effects platform)
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Barriers to pig confinement
Farmers faced a range of challenges confining their pigs. 
These obstacles were financial due to a lack of resources 
to construct pig pens (35), lack of knowledge (27), or lack 
of regulations and their enforcement (6). Other factors 
impede farmers from confining their pigs include inad-
equate facilities or land, neglect, resistance from some 
stakeholders, the desire to allow free-range grazing due 
to the believe that it will improve growth rates, boar ser-
vice, and a preference for low-input production systems 
(Table 7 in supplementary materials).

Discussion
System effects modelling approach of facilitating group 
meetings captures the varied nature of individual’s lived 
experiences. These individual responses are then aggre-
gated to produce a map which helps understand the 
problem better by considering all individual experiences. 
In the current study the SE approach was used to gain a 
deeper understanding of the consequences of the three T. 
solium diseases, and the barriers individuals experience 
in adopting practices which can help control infections 
with the parasite. Although many qualitative studies on 
knowledge, attitudes and perception of T. solium infec-
tions have relied on consensus building through focus 
group discussions, we chose to build individual maps to 
maximise on the number of items or factors the individu-
als generated. Guest et al. [29] in a randomized study to 
compare group versus individual based data collection 
in qualitative studies, noted that individual interviews 
were better in generating a broad range of items. Addi-
tionally, individual interviews have been found to be 
better in bringing out respondent’s personal thoughts, 
feelings, and world view. For the consequences of the 
3 diseases, the participants appeared to have limited 
knowledge on the transmission pathway and the resul-
tant disease. This led to mix up of the consequences they 
identified in the sketched network diagram where some 
consequences were indicated under the wrong infection 
type. For example, consequences due to PCC being indi-
cated under consequences due to NCC or taeniasis. This 
was expected among lay people because the infection of 
pigs with PCC remains asymptomatic over the infection 
period except the infection of the brain tissues with cysts 
which may produce some neurological symptoms.

The factors influencing the ability of community mem-
bers, stakeholders, and farmers to adopt T. solium control 
practices operate at different levels including national 
and at community level or household level and affect 
individuals differently. These factors also operate under a 
complex ecosystem of factors and contextual background 
with a lot of uncertainty as has been observed in other 
global challenges such as food insecurity [19, 30, 31]. 
There are also connections to the broader socioeconomic 

Table 6  Barriers to toilet use as identified by female community 
members
Barriers to toilet use Weighted 

outdegree
Weighted 
Degree

PageR-
ank

Lack of knowledge 31 31 0.02397
Lack of toilet 21 21 0.02397
Negligence 10 10 0.02397
Laziness 10 10 0.02397
Lack of money 10 10 0.02397
Social and cultural factors 10 10 0.02397
Disability 9 9 0.02397
Lack of public toilets 7 7 0.02397
Poor hygiene 6 6 0.02397
Alcohol abuse by men 5 5 0.02397
Ill health 5 5 0.02397
Poorly constructed toilet 5 5 0.02397
Poor soil texture 4 4 0.02397
Lack of land 4 4 0.02397
Fear of toilet use 4 4 0.02397
Age (too young children) 4 4 0.02397
Distance to the toilet 4 4 0.02397
Weather 3 3 0.02397
Household and neighbor 
conflicts

2 2 0.02397

Pregnancy 1 1 0.02397
Presence of bushes 1 1 0.02397

Table 7  Barriers to toilet use as identified by male community 
members
Barriers to toilet use weighted 

outdegree
Weighted 
Degree

PageR-
ank

Lack of toilet 39 39 0.02397
Lack of knowledge 24 24 0.02397
Poor hygienic practices 17 17 0.02397
Negligence 16 16 0.02397
Ill health 15 15 0.02397
Lack of money 11 11 0.02397
Laziness 9 9 0.02397
Social and cultural reasons 9 9 0.02397
Disability and weakness 6 6 0.02397
Pregnancy 5 5 0.02397
Fear of toilet use 5 5 0.02397
Age 5 5 0.02397
Lack of public toilets 5 5 0.02397
Distance to the toilet 4 4 0.02397
Poorly constructed toilet or 
latrine

4 4 0.02397

Alcohol abuse 2 2 0.02397
Lack of land 2 2 0.02397
Lack of time 2 2 0.02397
Presence of bushes 2 2 0.02397
Need to see own faeces 1 1 0.02397
Fear of getting infection 1 1 0.02397
Lack of water for use in toilets 1 1 0.02397
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and political settings and influences which shape how 
people perceive problems affecting them and how to 
respond to them. In the current study, the use of explor-
atory approaches to build network models as described 
by Hevey [32] to understand the complexities and uncer-
tainties which shape the perception of T. solium infec-
tions and its control was helpful.

The stakeholders appeared to have a clearer under-
standing of NCC compared to taeniasis although they 
mostly concentrated on consequences associated with 
epilepsy which may or may not be caused by the pork 
tapeworm. Having seizures was the most named conse-
quence of having NCC and the most important and more 
influential node in the network. Psychological studies 
based on the Illness Perception Questionnaire Revised 
(IPQ-R) have shown that illness perception is based on 
five attitudinal dimensions which include illness identity, 
cause, timeline about the duration of the illness, conse-
quence, control and illness coherence [29]. We believe 
that these mental representations of illness, which are 
composed of parallel cognitive, emotional dimensions 
shaping illness-related behaviors came to play when the 
participants were responding to the questions regarding 
taeniasis and NCC [33, 34]. This further supports our 
choice of building the network maps at individual level.

One of the major characteristics of epileptic patients 
regardless of the cause of the infection is having seizures 
but this is not the only symptom of epilepsy as this varies 
from patient to patient with some experiencing confusion 
and severe headache [35–37]. Consequences due to the 
seizures such as accidents, delayed mental development 
and stigmatization were identified by the participants. 
The burden of epilepsy has been estimated for Uganda 
and Tanzania and other regions of the world and globally. 
For Uganda was estimated at 170,000 disability-adjusted 
life years (DALYs), in Tanzania 3.0 per 1000 person-years 
and 2.8 million DALYs globally [35, 38, 39]. The fact that 
the participants perceived the consequences of epilepsy 
highly may form a good basis for pushing stakeholders 
to adopt T. solium control practices but only if they can 
clearly understand the link between the infections and 
NCC which usually is not the case as reported by Ngwili 
et al. where stakeholders could not link T. solium infec-
tion in pigs and the infection in humans [18].

Taeniasis was confused with other gastrointestinal 
infections including round worms (Ascaris spp.), whip-
worms (Trichuris spp.), or threadworms or pinworms 
(Enterobius spp.). Therefore, the mention of some of 
the consequences which can also be attributed to these 
infections. It is worth noting that most worm infections 
are similar, and although tapeworm segments can be rec-
ognized and look different from Ascaris spp. or Trichu-
ris spp., the eggs of those worms shed by humans can 
also infect pigs and lead to chronic disease in pigs (that 

resemble the signs of sickness that respondents listed 
like the rough coat, weight loss etc.) as observed previ-
ously [8, 10]. The participants’ positive perception of 
gastrointestinal parasites infections even if not directly 
on the pork tapeworm is an important indicator which 
can be leveraged to improve health seeking behaviour. 
For instance regular deworming, or mass deworming 
of children, who are the dominant group defecating in 
the open, with albendazole and mebendazole which are 
known to be broad spectrum and have been used to treat 
tapeworm and other gastrointestinal infections [40, 41].

For PCC, the stakeholders have somewhat better per-
ception and understanding of the disease, but three 
consequences stood out in the network model. Loss of 
market for pork was possibly due to traders not willing 
to buy infected pork with cysts and condemnation of 
pigs by government meat inspection officials at slaugh-
ter were important consequences. These indicated some 
level of understanding about the disease in pigs but not 
good knowledge on its transmission. This good percep-
tion can create good local stakeholder support for inter-
ventions aimed at reducing the spread of the disease in 
pigs PCC is asymptomatic, meaning it does produce 
noticeable symptoms in pigs, and this makes farmers not 
perceive it as a major production limiting disease. Similar 
findings were reported by Ngwili et al. [18] who reported 
that farmers in Uganda had poor and fragmented knowl-
edge on Taenia solium infections. Similarly Zulu et al. in 
a study in Zambia reported that, although, participants 
were aware of cysts in pigs they did not know the mode 
of transmission and prevention [42]. Similar findings 
have been reported in northern Uganda where Ngwili et 
al. reported that value chain actors were aware of cysts 
found in pork but they had low knowledge on the trans-
mission [43]. Overall, for the consequences of taeniasis, 
NCC and PCC, some have factors had a high between-
ness centrality which measures the importance of a node 
based on the node with the highest frequency of connec-
tion along the shortest path [44]. For example, stunted 
growth had high between centrality in all the three net-
work maps meaning for all the consequences identified, 
this factor acted as a connector to other consequences. 
This could imply that the participants tried to understand 
the diseases better and express their perception more 
accurately.

The maintenance of the transmission of T. solium 
within a community depends solely on the availability of 
infective eggs in the environment with the only source 
being human faeces from a tapeworm carrier. There-
fore, understanding what makes it difficult for people in 
endemic areas to use toilets may contribute to designing 
better educational interventions to change behaviour. 
Lack of knowledge was an important factor in the net-
work model; this could have been the lack of knowledge 
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on the negative effects of not using a toilet, or a lack of 
knowledge and skills to construct toilets. The lack of land 
to build the toilets was another important factor which 
was compounded by poor knowledge on toilet construc-
tion and lack of resources to construct the toilets. This 
could be explained by the high levels of poverty and the 
type of land tenure which is more communal under the 
Bunyoro and Busoga kingdoms in Hoima and Kamuli 
districts, respectively, making people view themselves as 
not having a place of their own to build a permanent toi-
let. This is further worsened by the type of soil structure 
which may not support toilet construction because the 
structure is weak made up of mostly sandy soils near the 
water basins, or the soils being rocky and on steep slopes 
making construction difficult and expensive as reported 
in Ngwili et al. [18].

Farmers were more affected by lack of knowledge on 
toilet construction while community health workers 
identified sociocultural factors such as lack of resources 
to construct toilets as being important barriers facing 
farmers. Some factors, for example, ignorance, not will-
ing to work hard, alcohol abuse, presence of bushes which 
make people feel they have enough privacy for open def-
ecation may require innovative interventions aimed at 
changing human behaviour including the psychological 
and social drivers [45, 46]. For female community mem-
bers, the lack of a toilet was an important barrier possi-
bly because they felt that this was beyond their control in 
terms of the responsibility of ensuring the household has 
toilet which is a responsibility entrusted to male heads of 
the family. Toilet construction is both labour intensive 
and expensive, and in most male headed households the 
responsibility of the men. Ngwili et al. [18] in the same 
regions of Uganda reported that the role of men was to 
dig the pit, cut logs and build the toilet with the women 
supporting the construction by cutting grass for thatch-
ing and fetching water. Similary, in Zambia the role of 
building toilets belonged to men [16]. Lack of knowedge 
or ignorance, cleanliness, on the need to use toilets was 
also an important factor and has also been noted in other 
studies [16, 18].

Factors that made it hard for participants to cook 
or roast pork well were lack of time to cook pork well, 
lack of fuel or firewood, and the liking for meat (unable 
to wait until it’s ready) as indicated by the network map. 
These findings highlight the fact that the participants 
appreciated that sometimes they did not cook pork 
properly, and that, they ate poorly cooked pork espe-
cially when they ate outside the household in butcher-
ies and roadside eateries (pork joints). Proper cooking of 
pork at 80  °C for at least 10  min has been shown to be 
sufficiently kill viable T. solium cysts, hence eliminating 
the risk of transmitting the parasite [47]. Eating under-
cooked pork can lead to a range of zoonotic infections, 

including taeniasis which results from ingesting viable T. 
solium metacestodes [48]. Eating undercooked pork has 
been documented in other tropical areas where taeniasis 
remains endemic, such as Tanzania [49] and Vietnam [50] 
and LAOs [51]. Although, consumers might have an idea 
about the advantages of eating properly cooked pork, the 
barriers identified in this study and in other studies are 
mainly driven by socioeconomic and cultural factors [49, 
52]. This makes it more critical to try to understand the 
contextual influences in these endemic areas and design 
interventions aimed at changing human behavior and 
empowering the different stakeholder categories.

In rural Uganda, pork is not routinely inspected, 
and even when done, it is done at the butchery or pork 
joint and not the slaughter facility [43]. The absence of 
centralized slaughter facilities constitutes a significant 
impediment to the efficient inspection of pork. Backyard 
slaughter being the only alternative in the area, imply-
ing that the inspector must travel from one pork joint or 
butchery to another scattered over a larger geographi-
cal area. These form part of the barriers identified by the 
stakeholders and which in most cases were beyond the 
control of the officials at local level where more focus 
is given to cattle value chains in budgetary allocation. 
Similar findings have been reported in other studies in 
Uganda, for example in northern Uganda pig slaugh-
ter occurred in undesignated slaughter points which are 
rarely visited by meat inspectors [43] and staff absentee-
ism, insufficient and unpredictable budgets, weak leg-
islation were reported as major challenges affecting the 
veterinary service delivery in Uganda [53].

A major driver for T. solium infections is free roam-
ing pigs especially in communities with poor sanitation 
where the pigs are able to pick infective materials in the 
environment as they scavenge for feed [54]. While the 
participants were aware that free-ranging pigs could 
potentially expose them to risks such as diseases and 
worms, they chose to allow them to roam due to their 
inability to confine them or the need to meet production 
targets such as weight gain or boar service without incur-
ring costs in terms of feeding and paying for mating ser-
vices, respectively. Free ranging is still common in other 
parts of Uganda where landholding is averagely still high 
coupled with low-resource investments in piggery [55]. 
In areas where the population density is relatively high 
and people have small parcels of land; they tend to be 
pushed to practice some form of confinement to prevent 
pigs from destroying neighbours’ crops unlike areas with 
larger parcels of land. Pigs are kept in low-input low-
output production systems, often for purposes of meet-
ing immediate livelihood needs such as school fees or 
medical care, and not for profitability but as a household 
asset [55]. This temporary production aim coupled with 
the lack of means for capital investments, contributes to 
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producers choosing low-input systems as observed by 
Lekule et al. [56] and Thomas et al. [57].

Access to water and sanitary facilities remains a chal-
lenge for most communities in low- and middle-income 
countries (LMICs), although some improvements are 
being made [58]. As observed in this study, the lack of 
washing facilities and negligence were highlighted as 
key barriers to proper hygiene. Furthermore, these bar-
riers are compounded by poverty, characterized by a lack 
of resources, food insecurity, and low levels of knowl-
edge regarding foodborne illnesses. Community hygiene 
and household hygiene including washing hands and 
fresh food like fruits and vegetables can contribute to 
preventing NCC through the ingestion of the parasite 
eggs. Although, hand washing behaviour significantly 
improved during the COVID 19 pandemic [18], barri-
ers still existed preventing complete shift in behaviour. 
In a review conducted by Tseole et al. [59] in Southern 
Africa who highlighted similar issues such as ignorance 
or lack of knowledge, defective local community engage-
ment and poor financing affecting interventions aimed at 
improving household hygiene.

Unlike other methodological approaches which show 
linear associations, SEM use complexity frameworks 
to understand the interrelations of the consequences of 
the T. solium infections and the barriers to the control of 
the parasite. These consequences and barriers are com-
plex and shaped by individual experiences, perceptions 
and knowledge. By focusing on the individual percep-
tions of the consequences and barriers, system effects 
can capture and help us understand the complex dynam-
ics through which T. solium infections are perceived 
and help amplify contextualized individual experiences 
within a system which would otherwise be lost within 
group responses based on consensus or the opinions of 
the majority [19]. However, some limitations exist includ-
ing the potential for bias through collection of the data 
based on self-reported practices and poor understanding 
of the data collection approach among stakeholders with 
low levels of education like the rural farmers.

Conclusions and recommendations
The study highlights the multifaceted barriers associated 
with the adoption of T. solium control practices among 
community members, district level officials, and farmers. 
The findings show the interplay of various factors operat-
ing at different scales, influenced by complex ecosystem 
dynamics and contextual backgrounds. Despite efforts to 
address T. solium infections, misconceptions and limited 
understanding persist among stakeholders, particularly 
regarding NCC and its associated consequences. While 
epilepsy is recognized as a significant consequence of T. 
solium infections, its linkage to NCC and T. solium infec-
tions is not always clear to stakeholders. The study also 

identifies important barriers hindering the adoption of 
practices that lead to the control of parasite, including 
lack of knowledge, sociocultural factors, and resource 
constraints. Challenges such as absence or inadequate 
sanitation facilities, poor cooking practices, and weak 
enforcement of pork inspection contribute to the perpet-
uation of T. solium transmission.

To address these challenges effectively, targeted inter-
ventions are needed, considering the unique context of 
each community. Educational campaigns should priori-
tize raising awareness about T. solium infections, empha-
sizing the link between pork consumption and disease 
transmission. Efforts to improve sanitation infrastructure 
and promote hygienic practices are essential, alongside 
measures to enhance pork inspection and production 
standards. Moreover, empowering stakeholders through 
capacity building and community engagement initiatives 
can foster sustainable behavior change and enhance con-
trol efforts. More broadly this study illustrates the impor-
tance of considering social, cultural, and other issues 
within the discipline of One Health as they make a signif-
icant contribution to transmission and impact of NTDs 
like T. solium.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​7​-​0​2​5​-​0​5​0​2​6​-​x.

Supplementary Material 1.

Acknowledgements
We acknowledge facilitators who helped in data collection and the 
community members and leaders for their participation. We would also 
like to thank Kategere Charles, Ahuura David, Kasiri Dorothy, Stella Sheila, 
Betty Okolimong, and Daniel Kitimbo for their assistance in the field. The 
administrative and logistical support received from the ILRI-Uganda office is 
highly appreciated.

Authors’ contributions
Conceptualization: NN, KR and LFT; Data curation: NN, SA, DNS; Formal 
Analysis: NN, SA, DNS, LC; Funding acquisition: LFT, KR, NN; Investigation: NN, 
KR; Methodology: LC and KR; Project administration; LFT; Supervision: LFT, 
KR; Data collection: NN; Validation: NN and LC; Visualization: NN, SA, LC and 
DNS; Writing - original draft: NN, SA, DNS; Writing - reviewing and editing: all 
authors.

Funding
Open Access funding enabled and organized by Projekt DEAL. The field 
research was funded by the Consultative Group for International Agricultural 
Research (CGIAR) Research Program on Agriculture for Nutrition and Health 
(A4NH) led by the International Food Policy Research Institute (IFPRI) and 
the German Academic Exchange Service (DAAD) through an in-region 
PhD fellowship in partnership with the International Livestock Research 
Institute (ILRI) awarded to NN (Grant No.91635410). Additional funding 
was received from the German Federal Ministry for Economic Cooperation 
and Development (BMZ) through the One Health Research, Education and 
Outreach Centre in Africa (OHRECA) led by ILRI. We also acknowledge all 
CGIAR Fund Donors: https:/​/www.cg​iar.org​/fun​ders/.

Data availability
Data is provided within the manuscript or supplementary information files.

https://doi.org/10.1186/s12917-025-05026-x
https://doi.org/10.1186/s12917-025-05026-x
https://www.cgiar.org/funders


Page 15 of 16Ngwili et al. BMC Veterinary Research          (2025) 21:588 

Declarations

Ethical statement and consent to participate
All data collection and handling procedures were done in accordance 
with ILRI’s institutional ethical principles and Republic of Uganda laws and 
regulations. Ethical clearance was obtained from the International Livestock 
Research Institute’s (ILRI) Institutional Research Ethics Committee (reference 
ILRI-IREC 2019-20, extension ILRI-IREC2019-20/2). Additional approval was 
sought from the Research and Ethics Committee at the College of Veterinary 
Medicine, Animal Resources and Biosecurity, Makerere University (reference 
SBLS/HDRC/19/008) and a research permit obtained from the Uganda 
National Council for Science and Technology (reference A606), Uganda. Before 
the start of the meeting all participants provided informed consent and 
signed an informed consent form.

Consent for publication
Not appliable.

Competing interests
The authors declare no competing interests.

Author details
1Health program, International Livestock Research Institute, Nairobi, 
Kenya
2Department of Public Health Pharmacology and Toxicology, Faculty of 
Veterinary Sciences, University of Nairobi, Nairobi, Kenya
3Partnerships for Local Action and Community Empowerment, 
Melbourne, Australia
4Royal (Dick) School of Veterinary Studies, University of Edinburgh, Easter 
Bush Campus, Edinburgh EH25 9RG, UK
5Department of Animal Breeding and Husbandry in the Tropics and 
Subtropics, University of Hohenheim, Garbenstr. 17, 70599 Stuttgart, 
Germany
6College of Veterinary Medicine, Animal Resources and Biosecurity, 
Makerere University, Kampala, Uganda

Received: 16 April 2025 / Accepted: 27 August 2025

References
1.	 Trevisan C, Devleesschauwer B, Praet N, Pondja A, Assane YA, Dorny P, et al. 

Assessment of the societal cost of Taenia solium in Angónia district, Mozam-
bique. BMC Infect Dis. 2018;18(1):127. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​1​8​-​3​0​
3​0​-​z.

2.	 Garcia HH, Gonzalez AE, Evans CAW, Gilman RH. Taenia solium cysticercosis. 
Lancet. 2003;362:547–56.

3.	 Flisser A, Sarti E, Lightowlers M, tropica PS-A. 2003 undefined. Neurocysti-
cercosis: regional status, epidemiology, impact and control measures in the 
Americas. Elsevier. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​s​​c​i​e​​n​c​e​​d​i​r​e​​c​t​​.​c​o​​m​/​s​​c​i​e​n​​c​e​​/​a​r​​
t​i​c​​l​e​/​p​​i​i​​/​S​0​0​0​1​7​0​6​X​0​3​0​0​0​5​4​8. Accessed 27 Mar 2019.

4.	 WHO. Taeniasis/cysticercosis. 2022. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​
s​-​​r​o​o​​m​/​f​​a​c​t​-​​s​h​​e​e​t​​s​/​d​​e​t​a​i​​l​/​​t​a​e​​n​i​a​​s​i​s​-​​c​y​​s​t​i​c​e​r​c​o​s​i​s. Accessed 26 Jun 2023.

5.	 Ndimubanzi PC, Carabin H, Budke CM, Nguyen H, Qian YJ, Rainwater E, et al. 
A systematic review of the frequency of neurocyticercosis with a focus on 
people with epilepsy. PLoS Negl Trop Dis. 2010;4:e870.

6.	 Alarakol SP, Bagaya BS, Yagos WO, Aginya EIO. Prevalence and risk factor asso-
ciated with Taenia solium cysticercosis among pig farmers in two districts 
(Amuru and Gulu) in Northern Uganda. J Parasitol Vector Biol. 2021;13:25–34. 
Available from: ​h​t​t​p​​:​/​/​​w​w​w​.​​a​c​​a​d​e​​m​i​c​​j​o​u​r​​n​a​​l​s​.​o​r​g​/​J​P​V​B. Accessed 17 Jul 2021.

7.	 Kungu JM, Dione MM, Ejobi F, Ocaido M, Grace D. Risk factors, perceptions 
and practices associated with taenia solium cysticercosis and its control in the 
smallholder pig production systems in Uganda: a cross-sectional survey. BMC 
Infect Dis. 2017. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​1​6​-​2​1​2​2​-​x.

8.	 Ngwili N, Thomas L, Githigia S, Muloi D, Marshall K, Wahome R et al. Co-infec-
tion of pigs with taenia solium cysticercosis and Gastrointestinal parasites in 
Eastern and Western Uganda. Parasitol Res. 121, 2021;1–13.

9.	 Ngwili N, Sentamu DN, Korir M, Adriko M, Beinamaryo P, Dione MM et al. Spa-
tial and temporal distribution of Taenia solium and its risk factors in Uganda. 
Int J Infect Dis. 2023;129:274–84. Available from: ​h​t​t​p​​:​/​/​​w​w​w​.​​i​j​​i​d​o​​n​l​i​​n​e​.​c​​o​m​​/​a​
r​​t​i​c​​l​e​/​S​​1​2​​0​1​9​​7​1​2​​2​3​0​0​​0​4​​8​6​/​f​u​l​l​t​e​x​t. Accessed 6 Jun 2023.

10.	 Zulu G, Stelzle D, Mwape KE, Welte TM, Strømme H, Mubanga C, et al. The 
epidemiology of human taenia solium infections: a systematic review of the 
distribution in Eastern and Southern Africa. PLoS Negl Trop Dis. 2023. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​n​t​​d​.​​0​0​1​1​0​4​2.

11.	 Parasitology ML-. 2013 undefined. Control of Taenia solium taeniasis/cysticer-
cosis: past practices and new possibilities. cambridge.org. Available from: ​h​t​t​
p​​s​:​/​​/​w​w​w​​.​c​​a​m​b​​r​i​d​​g​e​.​o​​r​g​​/​c​o​​r​e​/​​j​o​u​r​​n​a​​l​s​/​​p​a​r​​a​s​i​t​​o​l​​o​g​y​​/​a​r​​t​i​c​l​​e​/​​c​o​n​​t​r​o​​l​-​o​f​​-​t​​a​e​n​​i​a​
-​​s​o​l​i​​u​m​​-​t​a​​e​n​i​​a​s​i​s​​c​y​​s​t​i​​c​e​r​​c​o​s​i​​s​-​​p​a​s​​t​-​p​​r​a​c​t​​i​c​​e​s​-​​a​n​d​​-​n​e​w​​-​p​​o​s​s​​i​b​i​​l​i​t​i​​e​s​​/​6​4​F​5​8​4​6​D​
B​8​E​F​2​8​5​E​4​6​D​8​8​2​B​4​4​C​9​3​B​1​0​6. Accessed 27 Mar 2019.

12.	 WHO. Ending the neglect to attain the Sustainable Development Goals: A 
road map for neglected tropical diseases 2021–2030. Geneva; 2020. Available 
from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​i​​c​a​t​​i​o​n​​s​/​i​/​​i​t​​e​m​/​9​7​8​9​2​4​0​0​1​0​3​5​2. Accessed 16 
Oct 2024.

13.	 Ngwili N, Johnson N, Wahome R, Githigia S, Roesel K, Thomas L. A qualitative 
assessment of the context and enabling environment for the control of 
Taenia solium infections in endemic settings. Ramos AN, editor. PLoS Negl 
Trop Dis. 2021 Cited 16 Jul 2021;15:e0009470. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​n​t​​d​.​​0​0​0​9​4​7​0​.

14.	 de Coster T, Van Damme I, Baauw J, Gabriël S. Recent advancements in the 
control of Taenia solium: A systematic review. Food Waterborne Parasitol. 
Elsevier; 2018. p. e00030. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​s​​c​i​e​​n​c​e​​d​i​r​e​​c​t​​.​c​o​​m​/​s​​c​i​e​
n​​c​e​​/​a​r​​t​i​c​​l​e​/​p​​i​i​​/​S​2​4​0​5​6​7​6​6​1​8​3​0​0​1​7​9. Accessed 18 Feb 2019.

15.	 Braae UC, Gabriël S, Trevisan C, Thomas LF, Magnussen P, Abela-Ridder B, et al. 
Stepwise approach for the control and eventual elimination of taenia solium 
as a public health problem. BMC Infect Dis. 2019;19:1–6.

16.	 Thys S, Mwape KE, Lefèvre P, Dorny P, Marcotty T, Phiri AM et al. Why Latrines 
Are Not Used: Communities’ Perceptions and Practices Regarding Latrines in 
a Taenia solium Endemic Rural Area in Eastern Zambia. PLoS Negl Trop Dis. 
2015;9:1–20. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​n​t​​d​.​​0​0​0​3​5​7​0​.

17.	 Thys S, Mwape KE, Lefevre P, Dorny P, Phiri AM, Marcotty T, et al. Why pigs are 
free-roaming: communities’ perceptions, knowledge and practices regarding 
pig management and taeniosis/cysticercosis in a taenia solium endemic rural 
area in Eastern Zambia. Vet Parasitol. 2016;225:33–42.

18.	 Ngwili N, Thomas L, Githigia S, Johnson N, Wahome R, Roesel K. Stakehold-
ers’ knowledge, attitude, and perceptions on the control of Taenia solium in 
Kamuli and Hoima Districts, Uganda. Front Vet Sci. 2022;9:363. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​3​3​8​9​​/​f​​v​e​t​s​.​2​0​2​2​.​8​3​3​7​2​1.

19.	 Craven LK. System effects: A hybrid methodology for exploring the determi-
nants of food in/security. Ann Am Assoc Geogr. 2017;107:1011–27.

20.	 Chapot L, Nguyen-Tien T, Pham-Thanh L, Nguyen-Viet H, Craven L, Lindahl 
JF. A mixed-methods approach to understanding knowledge of mosquito-
borne infections and barriers for protection in Hanoi, Vietnam. Trop Med 
Infect Dis. 2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​t​​r​o​p​i​c​a​l​m​e​d​5​0​2​0​0​6​6.

21.	 WHO. How to prevent the pork tapeworm, a neglected parasitic infections 
caused by Taenia solium. 2021.

22.	 Ouma E, Ochieng J, Dione M, Pezo D. Governance structures in smallholder 
pig value chains in Uganda: constraints and opportunities for upgrading. Int 
Food Agribus Manag Rev. 2017;20:307–19.

23.	 Cravens RL, Goss GR, Chi F, De Boer ED, Davis SW, Hendrix SM, et al. The 
effects of necrotic enteritis, aflatoxin B1, and virginiamycin on growth perfor-
mance, necrotic enteritis lesion scores, and mortality in young broilers. Poult 
Sci. 2013;92:1997–2004. Available from: ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​v​/​​p​u​b​​m​e​
d​/​​2​3​​8​7​3​5​4​6.

24.	 Fruchterman TMJ, Reingold EM. Graph drawing by force-directed placement. 
Softw Pract Exp. 1991;21:1129–64.

25.	 Golbeck J. Network structure and measures. Anal Soc Web. 2013;25–44.
26.	 Ali F, Khusro S. Content and link-structure perspective of ranking webpages: a 

review. Comput Sci Rev. 2021;40:100397.
27.	 Candeloro L, Savini L, Conte A. A New Weighted Degree Centrality Measure: 

The Application in an Animal Disease Epidemic. PLoS One. 2016;11:e0165781. 
Available from: ​h​t​t​p​​s​:​/​​/​p​m​c​​.​n​​c​b​i​​.​n​l​​m​.​n​i​​h​.​​g​o​v​​/​a​r​​t​i​c​l​​e​s​​/​P​M​C​5​0​8​9​7​7​2​/. 
Accessed 17 Jun 2025.

28.	 Peng S, Zhou Y, Cao L, Yu S, Niu J, Jia W. Influence analysis in social networks: a 
survey. J Netw Comput Appl. 2018;106:17–32.

29.	 Guest G, Namey E, Taylor J, Eley N, McKenna K. Comparing focus groups and 
individual interviews: findings from a randomized study. Int J Soc Res Meth-
odol. 2017;20:693–708. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​6​4​​5​5​7​​9​.​2​0​​1​7​​.​1​2​8​1​6​0​1.

30.	 Chen X, Kwan MP. Contextual, Uncertainties. Human Mobility, and Perceived 
Food Environment: The Uncertain Geographic Context Problem in Food 
Access Research. Am J Public Health. 2015;105:1734. Cited 5 Feb 2024. Avail-
able from: /pmc/articles/PMC4539815/.

https://doi.org/10.1186/s12879-018-3030-z
https://doi.org/10.1186/s12879-018-3030-z
https://www.sciencedirect.com/science/article/pii/S0001706X03000548
https://www.sciencedirect.com/science/article/pii/S0001706X03000548
https://www.who.int/news-room/fact-sheets/detail/taeniasis-cysticercosis
https://www.who.int/news-room/fact-sheets/detail/taeniasis-cysticercosis
http://www.academicjournals.org/JPVB
https://doi.org/10.1186/s12879-016-2122-x
http://www.ijidonline.com/article/S1201971223000486/fulltext
http://www.ijidonline.com/article/S1201971223000486/fulltext
https://doi.org/10.1371/journal.pntd.0011042
https://doi.org/10.1371/journal.pntd.0011042
https://www.cambridge.org/core/journals/parasitology/article/control-of-taenia-solium-taeniasiscysticercosis-past-practices-and-new-possibilities/64F5846DB8EF285E46D882B44C93B106
https://www.cambridge.org/core/journals/parasitology/article/control-of-taenia-solium-taeniasiscysticercosis-past-practices-and-new-possibilities/64F5846DB8EF285E46D882B44C93B106
https://www.cambridge.org/core/journals/parasitology/article/control-of-taenia-solium-taeniasiscysticercosis-past-practices-and-new-possibilities/64F5846DB8EF285E46D882B44C93B106
https://www.cambridge.org/core/journals/parasitology/article/control-of-taenia-solium-taeniasiscysticercosis-past-practices-and-new-possibilities/64F5846DB8EF285E46D882B44C93B106
https://www.who.int/publications/i/item/9789240010352
https://doi.org/10.1371/journal.pntd.0009470.
https://doi.org/10.1371/journal.pntd.0009470.
https://www.sciencedirect.com/science/article/pii/S2405676618300179
https://www.sciencedirect.com/science/article/pii/S2405676618300179
https://doi.org/10.1371/journal.pntd.0003570.
https://doi.org/10.3389/fvets.2022.833721
https://doi.org/10.3389/fvets.2022.833721
https://doi.org/10.3390/tropicalmed5020066
http://www.ncbi.nlm.nih.gov/pubmed/23873546
http://www.ncbi.nlm.nih.gov/pubmed/23873546
https://pmc.ncbi.nlm.nih.gov/articles/PMC5089772/
https://doi.org/10.1080/13645579.2017.1281601


Page 16 of 16Ngwili et al. BMC Veterinary Research          (2025) 21:588 

31.	 Kwan MP. The uncertain geographic context problem. Ann Assoc Am Geogr. 
2012;102:958–68.

32.	 Hevey D. Network analysis: a brief overview and tutorial. Heal Psychol Behav 
Med. 2018;6:301. Available from: /pmc/articles/PMC8114409/. Accessed 9 
Feb 2024.

33.	 Knodel J. The design and analysis of focus group studies: A practical 
approach. Success Focus Groups Adv State Art. 2014;35–50.

34.	 Morgan D. Planning Focus Groups. Plan Focus Groups. 1998. Cited 24 Jun 
2025; Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​3​5​​/​9​​7​8​1​4​8​3​3​2​8​1​7​1

35.	 Dupont F, Trevisan C, Moriku Kaducu J, Ovuga E, Schmidt V, Winkler AS, et al. 
Human health and economic impact of neurocysticercosis in Uganda. Trop 
Med Int Health. 2022;27:99–109. Available from: ​h​t​t​p​​s​:​/​​/​p​u​b​​m​e​​d​.​n​​c​b​i​​.​n​l​m​​.​n​​i​h​
.​g​o​v​/​3​4​8​6​1​0​9​2​/. Accessed 13 Feb 2024.

36.	 Stelzle D, Kaducu J, Schmidt V, Welte TM, Ngowi BJ, Matuja W, et al. Charac-
teristics of people with epilepsy in three Eastern African countries – a pooled 
analysis. BMC Neurol. 2022. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​3​-​0​2​2​-​0​2​8​1​3​-​z.

37.	 WHO. Epilepsy. WHO Factsheets. 2024. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​
e​w​​s​-​​r​o​o​​m​/​f​​a​c​t​-​​s​h​​e​e​t​​s​/​d​​e​t​a​i​​l​/​​e​p​i​l​e​p​s​y. Accessed 13 Feb 2024.

38.	 Mwang’Onde BJ, Chacha MJ, Nkwengulila G. The status and health burden of 
neurocysticercosis in Mbulu district, northern Tanzania. BMC Res Notes. 2018. 
Cited 13 Feb 2024;11:1–5. Available from: ​h​t​t​p​​s​:​/​​/​b​m​c​​r​e​​s​n​o​​t​e​s​​.​b​i​o​​m​e​​d​c​e​​n​t​r​​a​l​
.​c​​o​m​​/​a​r​​t​i​c​​l​e​s​/​​https://doi.org/10.1186/s13104-018-3999-9.

39.	 Torgerson PR, Devleesschauwer B, Praet N, Speybroeck N, Willingham AL, 
Kasuga F, et al. World Health Organization Estimates of the Global and 
Regional Disease Burden of 11 Foodborne Parasitic Diseases, 2010: A Data 
Synthesis. PLOS Med. 2015;12:e1001920. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​
7​1​​/​j​​o​u​r​​n​a​l​​.​p​m​e​​d​.​​1​0​0​1​9​2​0. Accessed 18 Jun 2025.

40.	 Taylor-Robinson DC, Maayan N, Donegan S, Chaplin M, Garner P. Public health 
deworming programmes for soil-transmitted helminths in children living in 
endemic areas. Cochrane Database Syst Rev. 2019;2019.

41.	 WHO. Deworming in children. e-Library Evid. Nutr. Actions. 2023. Available 
from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​t​o​o​​l​s​​/​e​l​​e​n​a​​/​i​n​t​​e​r​​v​e​n​t​i​o​n​s​/​d​e​w​o​r​m​i​n​g. Accessed 
13 Feb 2024.

42.	 Zulu G, Mwape KE, Welte TM, Simuunza MC, Hachangu A, Mutale W, et al. 
Community knowledge, attitudes and practices related to Taenia solium 
taeniosis and cysticercosis in Zambia. PLoS Negl Trop Dis. 2023;17:e0011375. 
Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​n​t​​d​.​​0​0​1​1​3​7​5. Accessed 13 
Feb 2024.

43.	 Ngwili N, Ahimbisibwe S, Sentamu DN, Thomas LF, Ouma E. Structure of the 
pork value chain in Northern uganda: implications for taenia solium control 
interventions. Front Vet Sci. 2023;10:1177526.

44.	 Xiang N, Wang Q, You M. Estimation and update of betweenness central-
ity with progressive algorithm and shortest paths approximation. Sci Rep. 
2023;13:1–17. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​a​t​u​​r​e​.​​c​o​m​/​​a​r​​t​i​c​​l​e​s​​/​s​4​1​​5​9​​8​-​0​2​3​-​4​
4​3​9​2​-​0. Accessed 24 Jun 2025.

45.	 Kelly MP, Barker M. Why is changing health-related behaviour so difficult? 
Public Health. 2016;136:109. Available from: ​h​t​t​p​​s​:​/​​/​p​m​c​​.​n​​c​b​i​​.​n​l​​m​.​n​i​​h​.​​g​o​v​​/​a​r​​t​i​
c​l​​e​s​​/​P​M​C​4​9​3​1​8​9​6​/. Accessed 19 Jun 2025.

46.	 Dopson S, Fitzgerald L. Knowledge to Action? Evidence-Based Health Care 
in Context. Knowl to Action? Evidence-Based Heal Care Context. 2005:1–240. 
Available from: ​h​t​t​p​​s​:​/​​/​a​c​a​​d​e​​m​i​c​​.​o​u​​p​.​c​o​​m​/​​b​o​o​k​/​1​6​2​5. Accessed 13 Feb 2024.

47.	 Møller KS, Ngowi H, Magnussen P, Magne J, Kabululu M, Johansen MV. 
The effect of temperature and time on the viability of Taenia solium 

metacestodes in pork. Vet Parasitol Reg Stud reports. 2020;21. Available from: ​
h​t​t​p​​s​:​/​​/​p​u​b​​m​e​​d​.​n​​c​b​i​​.​n​l​m​​.​n​​i​h​.​g​o​v​/​3​2​8​6​2​9​1​2​/. Accessed 20 Feb 2024.

48.	 Rodriguez-Canul R, Argaez-Rodriguez F, de la Villegas-Perez GDP, Fraser S, 
Craig A. Taenia solium metacestode viability in infected pork after Preparation 
with salt pickling or cooking methods common in yucatan, Mexico. J Food 
Prot. 2002;65:666–9.

49.	 Møller KS, Thys S, Sarah G, Stig Milan T. Understanding risk evaluation prac-
tices in buying, cooking, and consuming pork in relation to Taenia solium 
taeniosis: A qualitative study in rural farming communities in Tanzania. SSM 
- Qual Res Heal. 2024;100385. Available from: ​h​t​t​p​​s​:​/​​/​l​i​n​​k​i​​n​g​h​​u​b​.​​e​l​s​e​​v​i​​e​r​.​​c​o​m​​/​
r​e​t​​r​i​​e​v​e​​/​p​i​​i​/​S​2​​6​6​​7​3​2​1​5​2​3​0​0​1​6​9​5. Accessed 13 Feb 2024.

50.	 Cook MA, Phuc PD, García CA. Review of Biological and Chemical Health Risks 
Associated with Pork Consumption in Vietnam: Major Pathogens and Hazards 
Identified in Southeast Asia. J Food Qual. 2019;2019.

51.	 Okello A, Ash A, Keokhamphet C, Hobbs E, Khamlome B, Dorny P, et al. Inves-
tigating a hyper-endemic focus of Taenia solium in northern Lao PDR. Parasit 
Vectors. 2014;7(1):1–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​7​5​6​-​3​3​0​5​-​7​-​1​3​4.

52.	 Sithole MI, Bekker JL, Mukaratirwa S. Consumer knowledge and practices to 
pork safety in two Taenia solium cysticercosis endemic districts in Eastern 
Cape Province of South Africa. BMC Infect Dis. 2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​
1​2​8​7​9​-​0​2​0​-​4​8​3​9​-​9.

53.	 Ilukor J, Birner R, Rwamigisa PB, Nantima N, THE PROVISION OF VETERINARY, 
SERVICES: WHO ARE THE INFLUENTIAL ACTORS AND WHAT ARE THE GOVER-
NANCE CHALLENGES? A CASE STUDY OF UGANDA. Exp Agric. 2015;51:408–
34. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​a​m​b​​r​i​d​​g​e​.​o​​r​g​​/​c​o​​r​e​/​​j​o​u​r​​n​a​​l​s​/​​e​x​p​​e​r​i​m​​e​n​​t​a​l​​-​a​
g​​r​i​c​u​​l​t​​u​r​e​​/​a​r​​t​i​c​l​​e​/​​a​b​s​​/​p​r​​o​v​i​s​​i​o​​n​-​o​​f​-​v​​e​t​e​r​​i​n​​a​r​y​​-​s​e​​r​v​i​c​​e​s​​-​w​h​​o​-​a​​r​e​-​t​​h​e​​-​i​n​​f​l​u​​e​n​t​i​​a​
l​​-​a​c​​t​o​r​​s​-​a​n​​d​-​​w​h​a​​t​-​a​​r​e​-​t​​h​e​​-​g​o​​v​e​r​​n​a​n​c​​e​-​​c​h​a​​l​l​e​​n​g​e​s​​-​a​​-​c​a​​s​e​-​​s​t​u​d​​y​-​​o​f​-​u​g​a​n​d​a​/​0​
B​A​B​F​5​9​6​B​E​0​1​8​0​3​5​0​1​D​1​7​B​6​E​C​3​D​E​C​B​5​3. Accessed 20 Feb 2024.

54.	 Wilson C, Mdegela RH, Nonga HE, Makingi G, Churi AJ, Stelzle D, et al. Sero-
prevalence and risk factors for taenia spp infection in pigs in Kongwa and 
Songwe districts, Tanzania: a cross-sectional study. Food Waterborne Parasitol. 
2023;33:e00215.

55.	 Arvidsson A, Fischer K, Hansen K, Kiguli J. Pigs as a shortcut to money? 
Social traps in smallholder pig production in Northern Uganda. J Rural Stud. 
2022;94:319–25.

56.	 Lekule FP, Kyvsgaard NC. Improving pig husbandry in tropical resource-poor 
communities and its potential to reduce risk of porcine cysticercosis. Acta 
Trop. 2003. Cited 19 Jun 2025;87:111–7. Available from: https://pubmed

57.	 Thomas LF, De Glanville WA, Cook EA, Fèvre EM. The spatial ecology of 
free-ranging domestic pigs (Sus scrofa) in western Kenya. BMC Vet Res. 2013. 
Cited 20 Feb 2024;9:1–12. Available from: ​h​t​t​p​​s​:​/​​/​b​m​c​​v​e​​t​r​e​​s​.​b​​i​o​m​e​​d​c​​e​n​t​​r​a​l​​.​c​
o​m​​/​a​​r​t​i​​c​l​e​​s​/​http​s://doi.org/10.1186/1746-6148-9-46.

58.	 Ritchie H, Spooner F, Roser M. Sanitation. Our World Data; 2024. Available 
from: ​h​t​t​p​​s​:​/​​/​o​u​r​​w​o​​r​l​d​​i​n​d​​a​t​a​.​​o​r​​g​/​s​a​n​i​t​a​t​i​o​n.  Accessed 20 Feb 2024.

59.	 Tseole NP, Mindu T, Kalinda C, Chimbari MJ. Barriers and facilitators to Water, 
Sanitation and Hygiene (WaSH) practices in Southern Africa: A scoping 
review. PLoS One. 2022;17:e0271726. Available from: ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​3​​​7​1​​/​j​
o​​u​r​​n​​a​l​.​​p​​o​​n​e​.​0​2​7​1​7​2​6. Accessed 20 Feb 2024.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.4135/9781483328171
https://pubmed.ncbi.nlm.nih.gov/34861092/
https://pubmed.ncbi.nlm.nih.gov/34861092/
https://doi.org/10.1186/s12883-022-02813-z
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://bmcresnotes.biomedcentral.com/articles/
https://bmcresnotes.biomedcentral.com/articles/
https://doi.org/10.1371/journal.pmed.1001920
https://doi.org/10.1371/journal.pmed.1001920
https://www.who.int/tools/elena/interventions/deworming
https://doi.org/10.1371/journal.pntd.0011375
https://www.nature.com/articles/s41598-023-44392-0
https://www.nature.com/articles/s41598-023-44392-0
https://pmc.ncbi.nlm.nih.gov/articles/PMC4931896/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4931896/
https://academic.oup.com/book/1625
https://pubmed.ncbi.nlm.nih.gov/32862912/
https://pubmed.ncbi.nlm.nih.gov/32862912/
https://linkinghub.elsevier.com/retrieve/pii/S2667321523001695
https://linkinghub.elsevier.com/retrieve/pii/S2667321523001695
https://doi.org/10.1186/1756-3305-7-134
https://doi.org/10.1186/s12879-020-4839-9
https://doi.org/10.1186/s12879-020-4839-9
https://www.cambridge.org/core/journals/experimental-agriculture/article/abs/provision-of-veterinary-services-who-are-the-influential-actors-and-what-are-the-governance-challenges-a-case-study-of-uganda/0BABF596BE01803501D17B6EC3DECB53
https://www.cambridge.org/core/journals/experimental-agriculture/article/abs/provision-of-veterinary-services-who-are-the-influential-actors-and-what-are-the-governance-challenges-a-case-study-of-uganda/0BABF596BE01803501D17B6EC3DECB53
https://www.cambridge.org/core/journals/experimental-agriculture/article/abs/provision-of-veterinary-services-who-are-the-influential-actors-and-what-are-the-governance-challenges-a-case-study-of-uganda/0BABF596BE01803501D17B6EC3DECB53
https://www.cambridge.org/core/journals/experimental-agriculture/article/abs/provision-of-veterinary-services-who-are-the-influential-actors-and-what-are-the-governance-challenges-a-case-study-of-uganda/0BABF596BE01803501D17B6EC3DECB53
https://pubmed.ncbi.nlm.nih.gov/12781385/
https://bmcvetres.biomedcentral.com/articles/
https://bmcvetres.biomedcentral.com/articles/
https://ourworldindata.org/sanitation
https://doi.org/10.1371/journal.pone.0271726
https://doi.org/10.1371/journal.pone.0271726

	﻿Why are toilets not used? Using system effects modelling to understand stakeholder perceptions on the impacts and barriers to ﻿Taenia solium﻿ control in Eastern and Western Uganda
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study area
	﻿Study design and selection of stakeholders
	﻿Data collection
	﻿Data management and analysis

	﻿Results
	﻿Demographic characteristics
	﻿Consequences of NCC
	﻿Consequences of taeniasis
	﻿Consequences of porcine cysticercosis
	﻿Barriers to toilet use
	﻿Barriers to proper cooking of pork
	﻿Barriers to pork inspection
	﻿Barriers to washing hands, fruits, and vegetables
	﻿Barriers to pig confinement

	﻿Discussion
	﻿Conclusions and recommendations
	﻿References


