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Abstract

A study was carried out in Kamuli and Hoima districts in Eastern and Western regions of Uganda to determine the Taenia
solium porcine cysticercosis (PCC) and gastrointestinal (GI) parasites co-infection status in pigs. One hundred sixty-one
households were selected randomly and visited between November and December 2019. A household questionnaire was
administered, and faecal and blood samples were collected from at least one pig older than 3 months per household. A blood
sample was obtained from a jugular venipuncture, and a rectal faecal sample was obtained. Taenia spp. circulating antigen
levels in the sample sera were tested using a commercial enzyme-linked immunosorbent assay kit, apDia™ cysticercosis
Ag ELISA. The modified McMaster technique was used to identify and quantify the GI parasites. The apparent animal-level
seroprevalence for PCC was 4.8% (95% C1 2.7-7.1) and differed across the two districts (p =0.018). At the pig herd level,
the prevalence was 9.7% (95% CI 5.5-14.4). The prevalence of the different nematode eggs and coccidian oocysts in the two
districts was as follows: strongyles 79.0% (95% CI 74.3-83.6), coccidia 73.3% (95% CI 68.3-78.6), Trichuris spp. 7.4% (95%
CI 4.9-10.6), Strongyloides ransomi 2.1 (95% CI 0.7-3.5) and Ascaris spp. 4.9 (95% CI 2.8-7.4). Overall, across the two
districts, the arithmetic mean for the oocysts per gram (OPG) for coccidia was 2042.2 +5776.1, and eggs per gram (EPG)
were the highest in strongyles 616.1 +991. Overall, 57.4% of the porcine cysticercosis seropositive pigs were also positive
for at least one of the gastrointestinal helminths which included strongyles, Strongyloides ransomi, Trichuris spp. and Ascaris
spp. The co-infection status of pigs with both PCC and GI parasites demonstrated by this study can provide an incentive for
integrating the control and management of both parasites with oxfendazole. Further studies are required to understand the
feasibility of using oxfendazole including cost-benefit analysis and the acceptability by local stakeholders for the control of
T. solium cysticercosis and gastrointestinal parasites in pigs.
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Introduction

In Uganda, the production and consumption of livestock
Section Editor: Elizabeth Marie Warburton and livestock products have been growing rapidly, with the
greatest growth observed in the pig sector (Twine and Njehu
2020). The establishment of piggeries and increased pig pro-
duction by rural farmers is encouraged by the government
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livelihoods of up to over 1.1 million households (MAAIF
and UBOS 2008). Pigs are preferred over other livestock
species due to their high reproduction rate with high fecun-
dity per reproduction cycle. This makes pig production
important for income generation to meet different house-
hold financial needs (Ouma et al. 2015). Additionally, pigs
act as a source of saving/ ‘piggy bank’ to be sold in times
of financial distress, mostly to pay school fees and hospital
bills (Ouma et al., 2015, 2014).

Despite the pig production enterprise being an impor-
tant source of livelihood for the rural smallholder farmers in
Uganda, animal health issues including Taenia (T.) solium
cysticercosis, gastrointestinal parasites and African Swine
fever (ASF) pose a significant risk to the growth of the sector
and negatively impact on pig and human health (Dione et al.
2014). Porcine cysticercosis, caused by the larval stage of 7.
solium, does not cause productivity constraints but contrib-
utes to perpetuating the parasite’s life cycle, which causes
severe neurological disease in humans in endemic settings.
Pigs are the intermediate host for 7. solium. They acquire
the infection through ingesting viable eggs, excreted dur-
ing defecation by a human infested by the adult stage of the
tapeworm as the pig scavenges. The eggs may also contami-
nate feed, water and the environment (Garcia et al. 2003).
This parasite is endemic in sub-Saharan Africa imposing
an ever-increasing human health and economic burden with
increased consumption of pork (Zoli et al. 2003; Havelaar
et al. 2015). The parasite thrives in these settings due to
the increasing popularity of raising pigs mostly under an
extensive system of production coupled with poor sanitary
conditions (Phiri et al. 2003; Braae et al., 2015b).

Despite the availability of proven simple ways to break
the T. solium life cycle, the parasite remains largely uncon-
trolled in Uganda. The lack of control appears to be due to
a lack of awareness of the public health implications and
competing priorities with other gastrointestinal parasites and
ASF that directly impact farmers’ income and livelihood
(Kungu et al. 2015). While T. solium is a parasite of public
health importance, GI parasites impose an additional, day-
to-day chronic burden on pig keeping households through
reduced productivity. At the same time, some are zoonotic
and of public health importance (Nejsum et al. 2012).
Pig farmers acknowledge the need to control GI parasites
through deworming to improve growth and weight gain
(Dione et al. 2014; Thompson 2017). This could provide an
opportunity to integrate the control of GI parasites with the
control of PCC.

The most prevalent gastrointestinal helminths in Africa
and reported in Uganda are from the following taxa:
Ascaris spp., Strongyloides spp., strongyles (Oesophago-
stomum dentatum and Hyostrongylus rubidus), Trichuris
spp. and coccidia (Nissen et al. 2011; Roesel et al. 2017).
Infection of pigs with these parasites may reduce daily
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feed intake, weight gain, feed conversion efficiency and
overall carcass quality (Kipper et al. 2011; Knecht et al.
2011; Ozsvari 2018). In addition, the condemnation of
livers resulting from ascariasis and mortality in piglets
due to coccidia infections can reduce the pig enterprise’s
profitability (Ozsvari 2018). Ascaris suum and Trichuris
suis are also known to have zoonotic potential and are
therefore of public health concern (Nejsum et al. 2012).
The control of both T. solium cysticercosis and GI para-
sites in pigs requires changes in pig husbandry practices
to avert the risk of exposure to infective materials and
the judicious administration of anthelmintic drugs. The
administration of oxfendazole at 30 mg per kg effectively
kills T. solium cysts and has also been demonstrated to
control A. suum, Oesophagostomum spp., T. suis and
Metastrongylus spp. (Alvarez et al. 2013; Mkupasi et al.
2013a). Integrating such strategies as oxfendazole dosing
with health education, improved pig housing and feed-
ing may support 7. solium cysticercosis control and at the
same time improve pig production profitability through the
control of pig GI parasites. The objectives of the current
study were to (i) to estimate the prevalence of PCC, gas-
trointestinal parasites and the level of co-infection in pigs,
(ii) to assess the risk factors associated with the infection
with PCC (iii) and to provide the evidence base to support
integrated control of pig gastrointestinal parasites as an
integral aspect of 7. solium cysticercosis control.

Materials and methods
The study area

A cross-sectional survey was conducted in Kamuli and
Hoima districts Uganda from November to December
2019. Uganda is a landlocked country located in East
Africa and lies across the equator, about 800 km inland
from the Indian Ocean. It has a landmass of 200,523 km?>
of the total area of 241,551 km? (Uganda Bureau of Sta-
tistics 2016). Uganda is divided into districts, counties,
sub-counties, parishes and villages (Uganda Bureau of
Statistics 2018). Kamuli district is in the lowland areas
of eastern Uganda at an average altitude of 1066 m above
sea level. Hoima district is in the Northwest at an average
altitude of 1122 m above sea level and has bimodal rain-
fall distribution with long and short rain seasons. These
districts have high proportions of pig rearing households
(5-17% and 30-42% for Kamuli and Hoima district,
respectively). In terms of pig numbers, Hoima has 104,669
pigs and Kamuli district 55,239 pigs (MAAIF and UBOS
2008) and has a high demand for pig meat and pig prod-
ucts (Ouma et al., 2017).
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Study site and household selection

The study focused on the districts of Kamuli and Hoima,
which were sites for the International Livestock Research
Institute (ILRI) led by Uganda Pig Genetics project
(UPG), which formed the basis for entry to the study sites
for the current study. The districts have also been a focus
for ILRI’s research on smallholder pig value chain, and
the initial selection has been described elsewhere (Dione
et al. 2014; Ouma et al. 2015). A recent study indicated a
high prevalence of PCC in pigs in Kamuli district (Kungu
et al. 2017b), but no study has been undertaken in Hoima
district. Five and three sub-counties were purposively
selected in Kamuli and Hoima district, respectively,
based on the pig population densities. Five parishes were
selected under each sub-county depending on the number
of pig rearing households.

Further, three villages with the highest number of pig
rearing households were selected from each of the cho-
sen parishes. Thus, a total of 30 villages were included
in the study across the two districts. In each of the 30
selected villages, a random sample of 7 households was
drawn from the list of households generated by the vet-
erinary officials in the district to target 200 households

(Fig. 1).

Fig. 1 Map of Uganda showing
the study sites (shaded) and
sampled households (red dots)

Sample size calculation

For the estimation of the prevalence of PCC, the sample size
calculation was premised on the expected herd prevalence
of PCC of 25.7% (Nsadha et al. 2014) using the formula,
n=[Z*Pq]/d*, where n is the required sample size; Z is the
multiplier from a standard normal distribution (1.96) at a
probability level of 0.05; P is the estimated prevalence of
25.7%; q is (1 — P) that is the probability of having no dis-
ease; and d is the desired precision level (5%). This formula
gives a sample size of n =293 pigs as the minimum. For
gastrointestinal parasites, the same formula as above is used,
and the expected prevalence of 61% (Roesel et al. 2017) and
precision of 5% are used. The sample size was estimated to
be 365 as the minimum.

Collection of household data

A household-level questionnaire was pretested, and changes
were incorporated in the final version. The questionnaire
was administered using Open Data Kit (ODK) to the house-
hold head, spouse or the person familiar with the running of
the pig enterprise. Data were collected on self-reported and
observational variables: pig confinement (during the rainy
and dry season and during the day and night); pig water

¢ Sampled Households
Study Districts
[ Other Districts
Water Bodies
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source during the dry and wet season; self-reported pig
health management practices including deworming; pork
slaughter and consumption practices; household hygiene and
deworming practices; knowledge on 7. solium infection; and
toilet availability and signs of frequent use, e.g. a clear path
to the toilet, complete wall and door.

Pig blood and faecal sampling

Sensitization meetings were conducted at the village level
a week prior to start of the survey. During the sensitization
meeting, the project team introduced the project, and written
informed consent was obtained from the farmers. During
the household visits, pigs that were 3 months or older, not
pregnant, not lactating and not manifesting overt clinical
signs were sampled up to a maximum of 3 pigs per herd. If
the farm had more than 3 eligible pigs, a serial number was
allocated to the pigs, and 3 pigs were selected using random
numbers generated by a random number generator app run-
ning on a mobile device (https://play.google.com/store/apps/
details?id =ru.uxapps.randomé&hl =en&gl = US).

Pigs were restrained using a pig snare or held in dor-
sal recumbency if under approximately 10 kg. Registered
veterinary officers collected blood from the anterior vena
cava on the pig’s right side (Zimmerman et al. 2012) into a
single BD Vacutainer® 10-ml plain tube labelled with the
household and individual animal ear tag number. In addition,
a faecal sample was collected from the rectum while the pig
was restrained using the standard pig snare and samples were
placed in BD Falcon™ 50-ml conical tubes labelled with
the animal ear tag numbers. The pigs were then weighed
by corralling the pig into a cage mounted on an electronic
weighing scale.

The blood samples were centrifuged at 3000 rpm for
20 min at room temperature at the field laboratory. Obtained
sera were then separated into two aliquots in 2-ml cryovials
labelled with a unique barcode. Faecal samples were trans-
ported on ice to the Central Diagnostics Laboratory (CDL)
at Makerere University in Kampala for processing and analy-
sis within 24 h after collection. Serum samples were stored
temporarily in the field at —20 °C and transported to CDL
after 2 weeks for analysis.

Serology

Taenia spp. circulating antigen in porcine sera was tested
using a commercial enzyme-linked immunosorbent assay
kit, apDia cysticercosis Ag ELISA (ApDia 2019), following
the manufacturer’s instructions. The tests were run in dupli-
cate, and optical densities (ODs) of samples were measured
at 450 nm with a reference wavelength of 630 using a micro-
plate reader (Biochrom®, Cambridge — CB4 OFJ, England)
with the cut-off value calculated per plate as the mean OD
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of the negative control multiplied by 3.5. The antigen index
(Ag index) of each sample was calculated by dividing the
OD value of the sample by the cut-off value. The cut-off
value was calculated per the manufacturer’s instructions
using the mean OD of the negative control provided in the
kit. As recommended by the manufacturer, animals were
classified as negative if the Ag index was <0.8 and positive
if > 1.3. The ELISA test used has a sensitivity of 86.7% and
specificity of 94.7% (Dorny et al. 2004).

Gastrointestinal parasite identification and counts

As described by Zajac and Conboy (2007), the modified
McMaster technique was used to identify and quantify coc-
cidia oocysts, strongyles, Strongyloides spp., Trichuris spp.
and Ascaris spp. eggs. Briefly, 4 g of faecal material was
weighed and mixed with 56 ml of a saturated common salt
solution. The mixture was thoroughly stirred and filtered
using a tea strainer (mesh size 500-800 um). The filtrate
was stirred with a Pasteur pipette, and a sub-sample was
picked while stirring and transferred to the first chamber of
the McMaster slide while ensuring no air bubbles were left
on the slide. While still stirring, the other chamber of the
slide was filled, and the McMaster slide was left to stand for
5-10 min to allow the eggs to float. The McMaster slide was
examined using the compound microscope at 10X 10 mag-
nification, and the eggs within each grid were identified and
counted. To get the total number of each type of worm eggs,
the number obtained per species was multiplied by 50 to
obtain the eggs per gram (EPG) and oocysts per gram (OPG)
for coccidia. The results were recorded in Microsoft Excel
version 2016. The method used has an estimated sensitiv-
ity of 66.67% and specificity of 81.06% (Scare et al. 2017).

Data management and analysis

Data was collected from 161 households in both Kamuli and
Hoima districts using a semi-structured questionnaire devel-
oped and administered in ODK. After cleaning and merging,
144 records were complete with blood and faecal sample
and a corresponding sample metadata form. A dichotomous
outcome variable was computed as the presence or absence
of PCC and GI parasite as either being positive or negative
by Ag ELISA and Mc Master slide technique, respectively,
to determine prevalence.

Descriptive statistics, including the prevalence levels of
PCC and GI parasites and their 95% confidence intervals,
were calculated using the DescTools and gmodels package
(Warnes et al. 2018; Signorell 2020). Differences in the pro-
portions of the different variables in the two districts were
tested using Fisher’s exact test and p values reported. Both
univariable and multivariable analyses were done using the
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glmer function of the Ime4 package in R (Bates 2010) with
village (village ID) as a random effect to account for cluster-
ing in the sampling design.

As an initial step in selecting the potential predictors for
PCC seropositivity, independent variables were tested for
correlation using Pearson’s chi-square and Fisher Exact test,
eliminating those closely correlated at p <0.05. Secondly,
the unconditional association was tested using Fisher’ exact
test to reduce the number of variables. Over 30 independ-
ent variables were tested; they included variables on pig
confinement, feeding, pig water sources, deworming, pork
consumption and knowledge variables. Additionally, causal
diagrams or directed acyclic graphs (DAGs) were con-
structed in Dagitty online platform (Textor et al. 2011) to
postulate the relation between potential predictors and the
outcome variable (Fig. 2). In the causal diagram, pig hus-
bandry practices were directly associated with the disease
status, with pig characteristics and frequency of deworming
considered intervening variables. Household characteristics
that encompass variables such as farmers’ education and
knowledge levels may also influence the outcome. In the
causal diagram, we hypothesized that having knowledge on
T. solium transmission under the household characteristics
would have a protective effect on seropositivity.

The association of predictor variables and PCC seroposi-
tivity (negative/positive) was tested at the household level
using univariable logistic regression. The models were not
built at the individual level because only two variables were
measured at the animal level, age and weight and they were
highly correlated. Predictors with p < 0.1 were retained and
used to fit a generalized linear mixed effects model (GLMM)
with village as a random effect. All tests for significance
were performed at the @ =0.05 level, and odds ratios (OR)
and 95% confidence intervals (CI) were determined. The
models were built by first having a global model with all
potential predictors identified through the univariable mod-
elling. The final model was then selected automatically

Fig.2 A causal model diagram
showing the potential associa-
tion of exposure variables and
the outcome variable (positive
or negative PCC)

S——

Household characteristics

based on information theory using the dredge function in
MuMIn package in R (Barto 2020). This methodology com-
pares Akaike information criterion (AIC) for the different
models and selects the one with the least AIC. Finally, a
GLMM (with village as a random effect) of the top model
from the dredge analysis was fitted, and OR and confidence
intervals were calculated using sjPlot package in R.

Results
Descriptive analysis results

Demographic characteristics of the study population, pig
husbandry practices and household hygienic practices are
summarized in Tables 1, 2 and 3, respectively. The majority
of respondents interviewed were female (67.9% in Kamuli
and 57.6% in Hoima district), and secondary education was
the commonest level of education (67.1% in Kamuli and
59.7% in Hoima district) (Table 1). Blood and faecal sam-
ples were obtained from 294 pigs, the majority female pigs
from 144 households in both Kamuli and Hoima districts.

Table 1 Demographic characteristics

Demographic characteristic Kamuli % n="78 Hoima % n=66

Sex of respondent

Male 32.1 424
Female 67.9 57.6
Level of education

Primary 6.6 0.0
Secondary 67.1 59.7
Vocational school 25.0 24.2
Technical/diploma 0.0 32
University 1.3 11.3
Other 0.0 1.6

@

Pig characteristics e.g pig age

District

Pig husbandry practices e.g feeding and deworming

PCC +/-

Frequency of deworming

In the causal diagram, the direction of the arrows indicate a causal relationship between variables. The variables in-between the
exposure variables (Pig husbandry practices) and the outcome variable (PCC +/-) are intervening variables and they are excluded from
the model. The variables to the left side of the exposure variables (e.g district) are potential confounders and they are included in the
model. The green arrows represent causal paths while the pink arrows represent a biasing path.
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Table 2 Pig husbandry practices

Table 3 Household hygienic practices

Pig husbandry practices Kamuli, % Hoima, %
Confinement of piglets

Free ranging 27.3 27.5
Tethered 18.2 71.1
Housed 54.5 1.3
Confinement of growers

Free ranging 2.8 26.3
Tethered 60.6 21.1
Housed 36.6 52.6
Confinement of sows

Free ranging 0.0 1.7
Tethered 583 71.2
Housed 41.7 27.1
Confinement of boars

Free ranging 0.0 4.2
Tethered 69.2 66.7
Housed 30.8 29.2
Feed use

Feeding pigs on maize bran

Yes 96.2 74.2
No 3.8 25.8
Feeding pigs with sweet potato vines

Yes 449 87.9
No 55.1 12.1
Feeding pigs on unboiled swill

Yes 56.4 57.6
No 43.6 42.4
Feeding pigs on pigweed (Amaranthus spp.)

Yes 6.4 12.1
No 93.6 87.9
Feeding pigs on yam leaves

Yes 3.8 87.9
No 96.2 12.1
Shallow well

Yes 87.0 59.1
No 13.0 40.9
Rainwater

Yes 57.4 6.1
No 42.6 93.9
Deworming pigs

Yes 97.3 98.5
No 2.7 1.5
Type of anthelmintic used in pigs

Albendazole 48.7 1.5
Levamisole 16.7 90.9
Ivermectin 10.3 0.0
I don’t know 17.9 0.0
Not dewormed 6.4 7.6
Frequency of deworming pigs

Never dewormed 14.1 6.1
At 3-month interval 73.1 74.2
More than 3-month interval 11.5 0.0
Other® 1.3 19.7

Other?, 2 months, depending on whether pig looks sick, when the vet
visits
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Household hygienic practices Kamuli %, Hoima %, n=66
n=78

Last time respondent dewormed

Never dewormed 16.7 45.5

At 3-month interval 19.2 13.6

Once a month 5.1 12.1

I cannot remember 57.7 6.1

Others* 1.3 22.7

Deworming of children in school

Yes 58.8 92.7

No 41.2 73

Boiling of drinking water

Yes 10.3 25.8

No 89.7 74.2

Source of drinking water

Pipe water to the house 0.0 1.5

Pipe water to the compound 1.3 3.1

Public tap 0.0 9.2

Shallow well 96.2 72.3

Surface water 2.6 7.7

Natural spring 0.0 1.5

Rainwater 0.0 4.6

Presence of latrine

Yes 92.3 100

No 7.7 0.0

Signs of toilet use

Path to toilet

Yes 89.7 98.5

No 10.3 1.5

Complete wall/door

Yes 423 34.8

No 57.7 65.2

Other?, every 6 months, annually

The average herd size for the two districts including piglets
was 5 pigs (range, 1-41). The average weight and age of the
sampled pigs was 22.13 kg (range 7.2-111) and 7.4 months
(range 3-39), respectively. Most sampled pigs were cross-
breeds between local and exotic breeds (52.4% in Kamuli
and 100% in Hoima district) as determined by the farmer and
research team. A recent study has shown mix of old British
and modern pig ancestries in the crossbreeds found in the
study areas (Babigumira et al. 2021).

The different levels of confinement level of the differ-
ent pig age categories in the two districts are presented in
Table 2. Forty one percent and 27.1% of sows were housed
in Kamuli and Hoima districts, respectively. Hoima dis-
trict had more piglets, growers and sows free ranging than
Kamuli district albeit at lower proportions (Table 2). There



Parasitology Research (2022) 121:177-189

183

were significant differences in the types of confinement of
the piglets and growers across Kamuli and Hoima district
(p <0.05, Fisher’s test).

Sweet potato vines were a commonly used pig feed in
both Kamuli and Hoima districts (Table 2). The commonly
used source water for watering pigs during both rain and
dry season was public shallow wells at 87.0% in Kamuli
and 59.1% in Hoima district. In Kamuli and Hoima district,
97.3% and 98.5%, respectively, of farmers indicated that
they dewormed their pigs albeit at varying intervals and fre-
quency. Overall, the majority (73.1% in Kamuli and 74.2%
in Hoima district) indicated they dewormed the pigs at the
3-month interval (Table 2).

The majority of the surveyed households reported con-
suming pork either at home (88.20%) or in pork joints (spe-
cial butcheries in Uganda where pork is roasted and served
with vegetables and drinks) (83.85%). Two thirds of people
in both districts were aware of human tapeworm infestation,
just a half of them had heard of pork cysts or pork measles,
and only a handful (6.8%) knew that pigs could get the cysts
by eating human faeces. Further, 6.8% and 14.3% of people
reported that pigs could acquire cysts from drinking dirty
water or from eating contaminated feed, respectively. Only
20% of people in Kamuli had dewormed compared to 45.5%
in Hoima, however, only 6.1% of Hoima respondents could
remember the date of these last deworming compared to
57.7% of Kamuli residents. However, a large proportion of
children had been dewormed under the government mass
drug administration (MDA) programs in schools, 58.8% in
Kamuli and 92.7% in Hoima district. Among the surveyed
households in Hoima and Kamuli district 10.3% and 25.8%,

respectively, boiled drinking water. In Kamuli district, 96.2%
got drinking water from a public shallow well as compared
to 72.3% of the households in Hoima district (Table 3).
Overall, 92.3% in Kamuli district and households had a pit
latrine. However, 57.7% and 65.2% in Kamuli and Hoima
district, respectively, did not have a complete wall and door
to provide privacy during use. Overall, it was observed that
in 93% of the households, there was a path leading to the
toilet showing signs of use.

Prevalence of porcine cysticercosis

The prevalence of PCC was calculated at both individual
and household levels. The apparent individual level sero-
prevalence was 4.8% (95% CI 2.7-7.1) (Table 4). Individual
level PCC seroprevalence differed across the two districts
(p=0.017, Fisher exact test). There was no significant differ-
ence in exposure to PCC between sex, age and breed of the
animal (p > 0.05, Fisher exact test). Household-level sero-
prevalence was 9.7% (95% CI 5.5-14.4) which significantly
differed across the study districts 3.8% (1.2-8.2) for Kamuli
and 16.6% (9.0-25.6) for Hoima (p <0.001, prop. test).

Prevalence and infection intensity of pig
gastrointestinal helminths

A total of 281 pig faecal samples were examined of which
91.8% (95% CI 88.9-94.9) were positive for GI parasite
infections. The arithmetic mean for the oocysts per gram
for coccidia was 2418 + 1078 in Kamuli and 1647 + 5540
in Hoima district, eggs per gram was highest in strongyles

Table 4 Animal-level apparent seroprevalence of porcine cysticercosis, gastrointestinal parasites prevalence and infection intensity

Kamuli district Hoima district Overall

% prevalence (95%  Mean EPG/OPG SD % prevalence (95%  Mean EPG/OPG SD % prevalence (95% CI)

CI Ch
PCC 1.9 (0.6-4.2) - - 7.8 (4.2-12.2) - - 4.8 (2.7-7.1)
Strongyles 81.9 (76.3-88.3) 684 1078 75.9 (69.3-83.2) 544 889  79.0 (74.3-83.6)
Coccidia oocysts” 69.4 (62.5-77.4) 2418 5987 77.3 (70.8-84.3) 1647 5540 73.3 (68.3-78.6)
Trichuris spp. 10.4 (6.2-15.4) 472 210 4.3 (2.1-8.0) 17.6 104 7.4 (4.9-10.6)
Strongyloides spp. 3.4(1.3-6.4) 26.7 284 0.7 (0.0-1.9) 2.55 299 2.1(0.7-3.5)
Ascaris spp. 6.9 (3.4-10.8) 98.3 529 2.9(0.7-5.4) 48.2 465 4.9(2.8-7.4)
Moniezia spp. - 0.0 0.0 6.57 76.9

At least one GI para-

site infection

93.0 (89.5-97.0)

Polyparasitism 66.6 (59.0-74.3) - -

Co-infection 0.6 (0.0-1.7) - -
(PCC + Gl parasite)

Proportion of co- 14.2 - -

infection (%)

90.5 (86.1-95.0)

67.8 (60.5-76.1)
5.6 (2.8-9.5)

42.8

91.8 (88.9-94.9)

67.2 (61.9-73.0)
3.0 (1.3-4.8)

57.4

SD, standard deviation; CI, confidence interval; *Eimeria spp. or Isospora suis
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684 + 1078 and 544 + 889 in Kamuli and Hoima districts,
respectively, followed by Ascaris spp. 98.3 +£529 in Kamuli
and 48.2 +465 in Hoima. The EPG was as follows: for Tri-
churis spp. 47.2+210 in Kamuli and 17.6 + 104 in Hoima
district and lastly Strongyloides spp. 26.7 +284,2.55+29.9
in Kamuli and Hoima district, respectively. One pig in
Hoima district had Moniezia eggs (Table 4). There was no
difference in the occurrence of the gastrointestinal parasites
in the two districts (X2 =0.31,p=0.5).

The prevalence of the different parasite eggs was as fol-
lows: strongyles 79.0% (95% CI 74.3-83.6), coccidia 73.3%
(95% C1 68.3-78.6), Trichuris spp. 7.4% (95% CI 4.9-10.6),
Strongyloides spp. 2.1% (95% CI 0.7-3.5) and Ascaris spp.
4.9% (95% CI 2.8-7.4) (Table 4). There was a relatively high
level of polyparasitism 67.2% (95% CI 61.9-73.0 (Table 4).
The level of polyparasitism did not significantly differ across
the two districts, breed or sex of the animal (p > 0.05, Fisher
exact test).

Overall, 57.4% of the proportion of PCC positive pigs
were also positive for any of the gastrointestinal parasites,
including strongyles, Strongyloides spp., Trichuris spp. and
Ascaris spp. excluding coccidia The co-infection proportion
was highest for PCC + strongyles (57.1%). The prevalence
of co-infection with any GI parasite and PCC was found to
be 3.0% (95% CI 1.3-4.8). The co-infection of pigs with any
GI parasite and PCC significantly differed across the two
districts. Hoima district had more pigs infected by both PCC
and gastrointestinal parasites (p < 0.05, Fisher exact test).
There was no difference in PCC/GI parasite co-infection by

materials). There was a significant association (p < 0.05) of
household-level seroprevalence of PCC with district and the
knowledge that pigs can get infected with PCC by consum-
ing dirty feed at univariate level analysis (Table 5). Further-
more, the multivariable model identified knowledge that pigs
get infected by eating dirty feed as a significant predictor of
PCC animal-level seropositivity (p =0.005), OR 5.5 (95%
CI1 0.7-43.8) (Table 6).

Discussion
Prevalence of porcine cysticercosis

Several other studies reporting prevalence and risk factors
of PCC and GI parasites separately exist for different parts
of Uganda. However, to the best of our knowledge, this is
the first study to report the co-infection of pigs with GI para-
sites and PCC to guide integrated control of both parasites.
The overall apparent prevalence of PCC across the two dis-
tricts (Kamuli and Hoima) was found to be 4.8% (95% CI
2.7-7.1) at the individual level and 9.7% (95% CI 5.5-14.4)
at the household level. The individual level prevalence is
similar to that reported by Kungu et al. (2017a) for rural
settings in Uganda which was 7.8% by HP10 ELISA and

Table 6 Final model of household-level risk factors for porcine cyst-
icercosis on GLMM analysis

sex, breed and age of pig (p > 0.05, Fisher exact test). Variables Category ~ Odds ratio (95% CI) ~ p value
. . . . . . Consumption of No
Risk fact.o.rs. associated with porcine cysticercosis pork with raw Yes 03 (0.0-2.4) 0,078
seropositivity vegetables
Knowledge that pigs No
At the household level, nine variables were tested using uni- get infected by Yes 5.5 (0.7-43.8) 0.005%*
variable model, and five of them were retained for multivari- eating dirty feed
able modelling with p <0.1 (Table 7 in the Supplementary  :*Significance level at p=0.05.
Table.5 RiSk‘ factors Variable/category Levels Odds ratio (95% CI) p value
associated with household-
level seroprevalence of District Kamuli
po.rcin.e cysticercgsis based. on Hoima 5(1.3-18.8) 0.017*
univariable logistic regression
with village as a random effect Feeding pigs on yam leaves No
Yes 3.4(0.9-13.4) 0.082
Consume pork with raw vegetables No
Yes 0.3 (0.1-1.1) 0.066
Knowledge that pigs get infected by eating No
dirty feed
Yes 6.1 (1.4-27.6) 0.018*
Infection with any GI parasite Negative
Positive 0.3 (0.1-1.5) 0.139

*Significance level at p=0.05.
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3.0% by Apdia ELISA. This was below prevalences reported
in other regions of Africa. In Mozambique, Pondja et al.
(2010) reported 34.9%, Pouedet et al. (2002) reported 11%
in Cameroon, and Shongwe et al. (2020) reported 7% in
South Africa. All studies used the B158/B60 Ag ELISA. In
western Kenya, Eshitera et al. (2012) reported a prevalence
of 32.8% using HP10 Ag ELISA. Although all the studies
used Ag ELISA, we acknowledge that different ELISA cut-
off points may have been used.

Although no carcass dissection was conducted as recom-
mended by Lightowlers et al. (2016) to rule out co-infection
with T. hydatigena in the current study, recent studies have
reported no co-infection of pigs with T. solium and T. hydati-
gena (Braae et al., 2015a; Kabululu et al. 2020) in similar
endemic settings. This could be partly attributed to density-
dependent immune-mediated interactions which have been
shown to prevent co-infection of pigs with both parasites
(Conlan et al. 2009). However, for monitoring 7. solium cyst-
icercosis control intervention outcomes, Ag ELISA should
not be relied upon alone due to the false positives which may
result (Kabululu et al. 2020). Additionally, the prevalence
of T. hydatigena in dogs (the definitive host for the parasite)
has not been studied in Uganda. Therefore, the possibility of
cross-reactivity cannot be completely ruled out.

Hoima district had a higher prevalence of PCC at the
individual level compared to Kamuli district. The appar-
ent prevalence in Kamuli was significantly lower than that
previously reported by Nsadha et al. (2014) who reported a
prevalence level of 28.1% (n=63) by HP10 Ag ELISA. The
sensitivity of this method is 89.5% and specificity of 74%
(Thomas et al. 2016; Porphyre et al. 2016). The low specific-
ity of ELISA tests used may have resulted in high levels of
false positives, and the apparent prevalence determined by
HP10 ELISA seems to be often higher than those by B158/
B60 Ag ELISA (now commercialized by ApDia) (Waiswa
et al. 2009). This ELISA test has a sensitivity of 86.7% and
specificity of 94.7% (Dorny et al. 2004) and was used in the
current study.

In a study in 2005 in Kamuli and Kaliro district, Waiswa
et al.,(2009) reported a B158/B60 Ag ELISA prevalence of
8.5% (95% CI 6-11) (n=513 for the two districts). The driv-
ers for the fluctuation in the prevalence rates between the
2005 study and the current study is not yet known. However,
we may hypothesize this marked reduction in prevalence
between the two studies could be attributed to the ongo-
ing improvements in the pig husbandry practices, increased
latrine coverage across Kamuli or adoption of MDA pro-
grams targeting neglected tropical diseases (NTDs). This
finding is supported by a report of Uganda’s Ministry of
Health documenting that MDA programs are annually con-
ducted in Kamuli and Hoima districts using praziquantel to
control schistosomiasis (bilharzia) (MoH 2010). Praziqu-
antel is also effective against taeniasis in humans. This may

have reduced the number of tapeworm carriers, consequently
reducing PCC incidence.

In 2005, Waiswa et al. (2009) reported that free ranging
management system was the most common husbandry prac-
tice in Kamuli. The shift to tethering with supplementary
feeding as shown by this present study may have reduced
the opportunities for pigs to have been exposed to parasite
infective stages. Nsadha et al. (2010) reported rampant open
defecation by farmers in the fields due to long distances to
the toilets. In contrast, the current study indicates that most
households (92.3%) in Kamuli district had a pit latrine,
reducing the potential for transmission events. However,
further studies are required to understand barriers to toilet
use since the current study showed that only 42.3% of toilets
had a complete wall and door, a sign of ease of use due to
privacy.

Additionally, there could be differential latrine coverage
across different geographical locations within the districts
especially along the water bodies like Lake Albert in Hoima
district and along River Nile in Kamuli district. These places
are prone to flooding, and toilet construction may be chal-
lenging. Nsadha et al. (2010) noted around 25% of house-
holds lacked toilets in the large Lake Kyoga region (includes
Kamuli district) and that those available were used inter-
mittently. Seasonal confinement of pigs as observed in the
current study may mean that pigs are occasionally exposed
to parasite infective materials, an observation also reported
by Assana et al. (2010) in Cameroon and Secka et al. (2010)
in the Gambia and Senegal.

Risk factors for porcine cysticercosis

District was a significant predictor of PCC seropositivity
in the univariable analysis. The prevalence of open defeca-
tion may differ between districts, possibly because Hoima
district has large areas covered with dense vegetation that
may suggest ‘adequate privacy’ for open defecation. It is
less so in Kamuli district. Similar observations have been
made in Nigeria (Abubakar 2018) and Tanzania (Sara and
Graham 2014). However, this observation needs verification
by anthropological studies to explain community behaviour
and its drivers on toilet use and open defecation as Thomp-
son (2017) did.

This study identified an association between seropositiv-
ity and knowledge that pigs can get infected by eating dirty
feed. In the causal diagram, we hypothesized that having
knowledge regarding 7. solium transmission would have a
protective effect on seropositivity. Still, the variable appears
to be a risk factor in our analysis. This relationship’s theo-
retical basis is unclear and may need further investigation,
although we acknowledge that the association may be a sta-
tistical artefact. Other studies have found that knowledge
of the transmission cycle was associated with reduced risk
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of the disease but not knowledge on the risk of feeding
contaminated feeds (Kungu et al. 2017a). These findings
may mean knowledge does not always translate to change
in practice similar to observation by Sarti and Rajshekhar
(2003) and Gabriél et al. (2017). Although pig farmers may
know the health risk of feeding pigs dirty or contaminated
feeds, resource constraints and the reliance on crop resi-
dues and swill as feed for pigs may mean infective materials
are introduced to the pigs even when they are confined or
tethered. Additionally, some changes in practices need to
be accompanied by capital investments like construction of
pig pens and toilets which may lead to the lack of change in
practice even after knowledge uptake in regions with limited
resources (Sarti and Rajshekhar 2003). Therefore, innovative
ways of supporting change of practice may be necessary, for
example, nudges (reminders), incentives and dis-incentives
to reinforce good practices and deter negative practices and
infrastructural investments to support change in practices.

Prevalence and infection intensity
of gastrointestinal parasites

Several studies have investigated the prevalence and inten-
sity of pig gastrointestinal helminths in Uganda, but none
has been done in Hoima district. In the current study, the
overall prevalence of infection with the GI parasites was
91.8% (95% CI 88.9-94.9%) for the two districts. Kamuli
district had 93.0 (95% CI 89.5-97.0) and Hoima district 90.5
(95% CI 86.1-95.0). The most prevalent infection was stron-
gyles at 79.0% (74.3-83.6). Similar infection levels have
been reported in different regions of Uganda (Nissen et al.
2011; Lagu et al. 2017;Waiswa et al. 2007).. Roesel et al.
(2017) reported similar trends (61.4%; 95% CI 58.2-64.4)
with strongyles being the most prevalent infection. Simi-
lar trends of parasitic infections have been reported in the
neighbouring countries by Obonyo et al. (2012) and Nganga
et al. (2008) in Kenya and Kabululu et al. (2015) in Tan-
zania. Incidentally, one pig was found to be infected with
Moniezia spp., which is known to be a ruminant parasite but
has been previously found in pigs in Peru (Gémez-Puerta
et al. 2008).

The intensity of infections was also high as indicated
by the high EPG counts with strongyles having the high-
est EPG (616.1). Nissen et al. (2011) in a study in Kabale
district, Uganda, reported mean EPG for strongyles of 964
and high mean EPG for Ascaris spp. (4673) and Trichuris
suis (264) than the current study. Similar intensities of
parasite infections have also been reported by Lagu et al.
(2017) and Waiswa et al. (2007). There was also a high
OPG mean for coccidia (2042.2). Internal pig parasites
are of high importance to farmers due to the resultant
reduction in performance and financial losses due to their

@ Springer

infection. Coccidiosis, particularly Isospora suis, cause
diarrhoea and reduced growth in piglets leading to finan-
cial losses and an increase in the cost of managing the
infections (Ozsvari 2018). Although deworming is widely
practiced by farmers as observed in this study (97.3% in
Kamuli and 98.5% in Hoima deworm pigs), the frequency
may be low and the type of anthelmintic drug wrong for
the existing infections leading to persistence in the infec-
tions. Forty-eight per cent of the farmers said that they
dewormed the pigs after 3-month intervals, mostly using
levamisole or albendazole. However, it has also been noted
that farmers rely on the veterinary officer advice on what
drug to administer.

Opportunity for the integration of porcine
cysticercosis and gastrointestinal nematode control

The high proportion of co-infection of pigs with GI para-
sites and PCC (57.4%) is of significance to report in the
current study. It presents an opportunity to use integrated
approaches to control both parasites. Farmers in Uganda
recognize infection with worms as a major constraint to
pig production (Dione et al. 2014) but not so for PCC.
Farmers have also been found to extensively practice
deworming of pigs to control internal parasites. We must
capitalize on the ‘added value’ of control options as we
investigate acceptable and sustainable interventions to
control T. solium cysticercosis. In the current study, 95%
of farmers dewormed pigs mainly using albendazole, find-
ings similar to results by Dione et al. (2014) who reported
93% dewormed pigs mostly with ivermectin; 85% of farm-
ers used albendazole (Kungu et al., 2017b). The anthel-
mintic drugs, albendazole, levamisole and ivermectin,
reported to be commonly used by farmers have been found
not to be effective against PCC (Mkupasi et al. 2013b, a).
Promotion of regular deworming using appropriate anthel-
mintic and including oxfendazole as part of the deworming
regime can help control GI parasite infections while at
the same time controlling PCC infections. Administration
of oxfendazole at 30 mg per kg effectively kills 7. solium
cysts and has been demonstrated to also control A. suum,
Oesophagostomum spp., T. suis and Metastrongylus spp. in
pigs (Alvarez et al. 2013; Mkupasi et al. 2013a). However,
the cost—benefit of using oxfendazole to target GI worms
while controlling PCC needs to be investigated.

Limitation of the study

The current study was embedded within the Uganda Pig
Genetics project that was designed as a longitudinal study.
The implementation of a cross-sectional study using the
same study subjects may have biased the risk factor analysis
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since they had been in touch with research teams during
data collection and may have improved their knowledge,
perception and even practices on pig husbandry. We used
ApDia ELISA kits to detect Taenia solium circulating anti-
gens in pig serum, but there is known cross-reactivity with
Taenia hydatigena antigens that may raise false positives.
We had planned to carry out carcass dissection which is
the ‘gold standard’ technique on all the seropositive pigs,
but this was not possible due to the COVID-19 pandemic
which prevented the team from returning for farm visits to
procure the positive pigs before they were sold for slaughter.
For estimation of GI parasite infections, we did not reach the
estimated sample size since some of the targeted farmers
had ineligible or had sold their pigs. However, the results
are robust since the prevalence of the GI parasites was high.

Conclusion

This study provides data on the current epidemiological
status of PCC and pig GI parasites in Kamuli and Hoima
districts, Uganda. Our findings demonstrate that 7. solium
cysticercosis in pigs is more prevalent in Hoima district than
in Kamuli district which was lower than previously reported.
Knowledge that pigs can get infected by eating dirt feeds a
significant predictor for T. solium cysticercosis seropositiv-
ity at the household level. The prevalence of infection with
gastrointestinal parasites was high and similar across the
two districts. There is also a high likelihood of pigs being
infected with both PCC and GI parasites. Since deworming
is practiced by many farmers in the study districts, the high
rate of co-infection presents an opportunity for integrated
control using an anthelmintic capable of eliminating both
T. solium cysts and other pig worms. Further studies are
required to identify and test the feasibility, cost—benefit anal-
ysis and acceptability of using such anthelmintics (including
oxfendazole).
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