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A B S T R A C T

Background: Taenia solium is a zoonotic tapeworm widely distributed across sub-Saharan Africa. Specific health
education is regarded as a central element in controlling T. solium. In 2014, an electronic health education tool
called ‘The Vicious Worm’, which was concerned with prevention of T. solium was introduced to health and
agricultural professionals in Mbeya, Tanzania, an endemic setting.

Introduction to ´The Vicious Worm’ of 1.5 hours significantly improved the participants’ knowledge. This
study revisited the same study subjects one year later to assess persistence of knowledge regarding T. solium
taeniosis/cysticercosis and to assess if the health education had changed work practices for the participants and
the public.
Methods: The study was conducted in Tanzania between June and August 2015, with a fixed population of
health and agricultural professionals recruited from a previous study testing ‘The Vicious Worm’. The study used
a test, a questionnaire survey, as well as semi-structured group and individual interviews.
Results: The 79 study subjects, all health or agricultural professionals, had within one year relocated from Mbeya
to 16 of 21 administrative regions of Tanzania. Sixty-four agreed to participate in the test and 48 to an interview.
The test showed significant improvement in knowledge regarding T. solium taeniosis/cysticercosis, compared
with the baseline knowledge level of the participants. Interview data found that the participants had used ‘The
Vicious Worm’ as an educational tool and applied the knowledge from the program to implement new practices
consisting of by-laws and practical workshops on building latrines, pig pens and hand washing stations in their
communities.
Conclusion: Introduction to ‘The Vicious Worm’ led to changed practices and persistence in knowledge regarding
T. solium. Incorporating health education as a specific health intervention tool should be encouraged and im-
plemented at national or programmatic level.

1. Introduction

Transmission of Taenia solium is associated with low economic de-
velopment and the prevalence varies with sanitation standards, pig
husbandry practices, and eating habits (Wardrop et al., 2015). Endemic
regions include Latin America, South and South-East Asia, and sub-
Saharan Africa (Ertel et al., 2017); (Braae et al., 2015); (Braae et al.,
2017); (Braae et al., 2018). Taenia solium is responsible for the highest
burden of parasitic foodborne diseases in the world and considered one

of the major contributors to death caused by foodborne diseases
worldwide (WHO, 2015a; Torgerson et al., 2015). Transmission occurs
when humans eat undercooked T. solium infected pork, leading to ta-
peworm development in the intestines, taeniosis (HT). When tapeworm
eggs are excreted via the stool and into the environment, pigs can ingest
the eggs via contaminated feed or water upon which the eggs hatch and
migrate to tissues as larvae. In the tissues, the larvae encyst, causing
porcine cysticercosis (PC). If humans accidentally ingest T. solium eggs,
larvae migration can occur as described for pigs causing human

https://doi.org/10.1016/j.actatropica.2019.02.018
Received 19 February 2018; Received in revised form 14 February 2019; Accepted 15 February 2019

☆ This study found that the electronic-health education tool ‘The Vicious Worm’ was effective as a specific intervention tool in the fight against Taenia solium
taeniosis/cysticercosis. Health and agricultural professionals obtained a positive learning outcome and used the tool actively a year after introduction to the program.

⁎ Corresponding authors.
E-mail address: sola@hst.aau.dk (S. Lauridsen).

Acta Tropica 193 (2019) 18–22

Available online 15 February 2019
0001-706X/ © 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/BY/4.0/).

T

http://www.sciencedirect.com/science/journal/0001706X
https://www.elsevier.com/locate/actatropica
https://doi.org/10.1016/j.actatropica.2019.02.018
https://doi.org/10.1016/j.actatropica.2019.02.018
mailto:sola@hst.aau.dk
https://doi.org/10.1016/j.actatropica.2019.02.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.actatropica.2019.02.018&domain=pdf


cysticercosis and more specifically neurocysticercosis (NCC), if the cysts
are locate in the central nervous system, which may cause symptoms
such as severe headaches and seizures (Del Brutto et al., 2001). A sys-
tematic review showed that approximately one third of all epilepsy
cases in endemic regions could be ascribed to NCC (Ndimubanzi et al.,
2010). There are several intervention tools available to control T. solium
and the World Health Organization (WHO) points to preventive che-
motherapy, improved pig husbandry, and health education among the
candidates (WHO, 2015b).

Access to technologies such as mobile phones is becoming increas-
ingly common in Africa, and it is estimated that 93% of the population
have access to a mobile phone (Anon, 2018). Smartphones are con-
tinuing to make up a larger proportion of mobile phones (Statista,
2018), thus, the potential exist for health education to reach widely and
broadly through smartphone apps. Already existing computer-based
education tools could be transformed into apps to make them more
accessible to the public. The computer-based educational tool, ‘The
Vicious Worm’ (TVW), was developed to provide education regarding
the prevention and control of T. solium taeniosis/cysticercosis. It was
designed to target stakeholders across disciplines and sectors, providing
information regarding the transmission, risk factors, diagnosis, pre-
vention, and control of the diseases caused by T. solium (Johansen et al.,
2014). TVW is programmed with three levels visually represented as a
village, a town, and a city. Each level is designed to provide various
information to different types of recipients e.g. village level for lay-
persons, town level for professionals, and city level for decision makers.
The design of TVW was rigorously described in 2014 (Johansen et al.,
2014).

In 2014, Ertel et al. (2017) assessed the short-term knowledge up-
take among health and agricultural professionals from Tanzania using
TVW. The authors tested the knowledge level of the study population
by a pre-test (baseline), then preformed health education using TVW,
where the participants were allowed to use TVW (English version) for
1.5 h (intervention), followed by a post-test (first follow-up), and a
second post-test (second follow-up) (Ertel et al., 2017) to assess the
knowledge uptake (Fig. 1). The study showed a highly significant short-
term knowledge uptake and a positive attitude towards the program.
The aim of this study was therefore to assess the long-term knowledge
uptake and potential practice changes within the same study population
(health and agricultural professionals) one year after their exposure to
the electronic learning tool TVW.

2. Materials and methods

2.1. Study design

The study was conducted in three different regions of Tanzania,
from June to August 2015 and consisted of a test (identical to the one
performed by Ertel et al. (2017) in 2014), a questionnaire survey, and
interviews (individual and group). All activities were conducted ap-
proximately one year after participants were first introduced and tested
in the English version of TVW.

2.2. Selecting and contacting the participants

The study population was fixed, based on participation in the pre-
vious study by Ertel et al. (2017), and thereby limiting the sample size.
Originally, 79 professionals consisting of veterinarians, veterinary stu-
dents, meat inspectors, agriculture/livestock extension officers and

students, health officers, medical offices, and assistant medical officer
students participated in the study. They were chosen due to their key
role in health education of the general population (Ertel et al., 2017).
All professionals had a moderate to high level of English obtained
through their education, albeit a translator was present at all times
during the study to facilitate communication. To conduct the evalua-
tion, the professionals were reached by the contact details they handed
in at the intervention one year earlier (Ertel et al., 2017).

2.3. Performing the test

Ertel et al. (2017), was originally reviewed and pilot-tested on ex-
perts from the Section of Parasitology and Aquatic Diseases, University
of Copenhagen, and three experts in the field with similar cultural
background as the participants Ertel et al. (2017). A hardcopy of the
test in English was handed to the professionals in person when possible;
otherwise, the test was done via the phone or by email. The test was
self-administered and if a question needed to be translated, an inter-
preter as well as the researcher were present. The time for completing
the test was estimated to be 30 min, but no actual time limit was set.
The test, as described in Ertel et al. (2017), consisted of 24 questions in
English, divided into eight specific aspects addressing acquisition and
transmission of T. solium infections, acquisition of NCC, HT in general,
NCC in general, PC diagnosis, PC treatment, relation between PC, HT
and NCC, and prevention of PC, HT, and NCC.

2.3.1. The questionnaire survey
In addition to the test, a questionnaire containing five questions was

included.
The questions aimed to verify whether the participants had accessed

the USB flash drive with TVW given to them after the study in 2014.
The questionnaire also contained three open-ended questions, which
gave the professionals the possibility to explain what they had done in
regards to prevention of T. solium following the intervention and
whether they had been inspired by TVW to change practices. The final
question explored associations between the obtained test scores and
having used the TVW in the previous year.

2.3.2. Interviews and group interviews
Semi-structured in-depth individual interviews or group interviews

were carried out after the participants filled out the test. An interview
guide was followed, but additional questions were asked if found ap-
propriate. The interviews investigated the participants' current knowl-
edge of T. solium, their work practices regarding preventive measures of
HT, PC, and NCC, whether they had experienced any cases of infections
within the last year, their use of TVW, and whether they had taught
others regarding T. solium infections. The interviews were conducted in
Mbeya, Iringa, and Kituli regions. The interviews were audio recorded
using the “ALON Dictaphone” app for iOS.

For the group interviews, the participants were divided into groups
according to their professional background to ensure that they all knew
each other and felt comfortable in the group forum. This aimed to
minimise bias by providing the participants with a forum where they
could speak as freely as possible and provide in-depth answers from a
group perspective.

2.4. Data management and statistics

Due to the limited sample size, participants were divided into two

Fig. 1. Timeline of data collection including
data collected by Ertel et ala 2.
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groups for a descriptive analysis based on their professional back-
ground: health sector group and agricultural sector group. Knowledge
persistence was assessed using a paired t-test measured. Data were
analysed using R. The development in the specific professional groups
was described.

‘Usage of TVW’ was the participants’ estimate of how much they
used TVW, after they were handed the USB flash drives. They chose
between the categories: ‘Not used’, ‘used once’, ‘used several times in
private’, and ‘used and introduced to others’. The individual and group
interviews were transcribed by meaning, with an exclusion of words
being repeated and fillers used during the interview. Transcribed in-
terviews were uploaded to Nvivo and analysed using Malteruds editing
analysis style (Malterud, 2011). Citations in the results were modified
with respect to the meaning of the statement to correct English
grammar.

2.5. Ethical considerations

The study was embedded in the Danida funded project, “Securing
rural livelihoods through improved smallholder pig production in
Mozambique and Tanzania (SLIPP)”. Sokoine University of Agriculture,
Morogoro, Tanzania, approved the study, including the informed con-
sent form used and provided ethical approval of the study as well as a
research associateship for the principle investigator. All participants
were thoroughly explained the aim of the study and asked to give oral
consent if tested on the phone or written consent if tested and inter-
viewed in person or by email. All participants were emailed the results
of the study.

3. Results

3.1. Information and location of participants

In total, 64 out of the original 79 participants in the study by Ertel
et al. (2017) participated in the follow-up, divided into professional
groups (Table 1). Thus, 15 of the participants were lost to follow-up.
Since the previous year, the student participants had finished their
education in Mbeya and moved to other regions of the country for
work. This meant that the Health and Agricultural Officers during their
participation in this study worked in 16 out of the 21 administrative
regions in Tanzania as compared to only one region before.

3.2. Test scores

3.2.1. Persistence of knowledge
The participants had a significant increase in test scores one year

later compared to baseline (p < 0.001), but a reduction in test scores
from the second two-week follow-up performed by Ertel et al. (2017)
(p = 0.022) (Fig. 2).

Although there was an overall improvement in test scores, a few of
the participants did score lower in the one-year follow-up compared to
baseline (Fig. 2). However, as seen in Fig. 2, the distribution shifted

upwards towards a higher test score from baseline to one year after. The
significant changes in test scores from baseline to the one-year follow-
up is illustrated in Fig. 2, which shows the majority of the population
falling between a 1 and 7 points improvement. The informants had
improved their test score from baseline: 75% correct answers, to the
third follow-up: 79%. In the health-group, all 13 participants had im-
proved their score, from 73% correct answers at baseline to 85% at the
third follow-up. In the agricultural-group, they had a higher baseline
but 55% (n = 27) of the 49 participants had increased their test score
compared to baseline (Table 2).

3.2.2. Usage of ‘The Vicious Worm’
Since the second follow-up 82% (n = 50) of the participants stated

that they had used the program for personal learning or to engage
others in TVW, 38% (n = 23) had used and introduced it to others, 26%
(n = 16) used it once and 18% (n = 11) had used it several times. The
remaining 18% (n = 11) explained during the interviews that reasons
for not using TVW included lack of access to a PC or inability to access
the USB flash drive due to it being corrupted or having lost the flash
drive (Table 3).

3.3. Interviews

Health education was a part of the work duties of all the participants
included in this study. No suggestions to disseminate knowledge were
provided to the participants during the first study. The participants
presented their individual ways of disseminating knowledge. There
were three main methods outlined: The most frequently mentioned way
of educating was group meetings in the villages where they would talk
about preventive methods against, NCC, PC and HT. In addition, edu-
cation of individual farmers was mentioned. They taught by using
simple drawings explaining disease transmission pathways. The third
way was to show TVW to the farmers, either in small groups on a PC or
through a projector at village meetings. A participant described the way
of introducing TVW as:

“We started showing the farmers ‘the village’ because that is the area we
live in, and we wanted to show them how they can be affected by this
issue (talking about transmission of T. solium.)”

Five of the participants told students about prevention of T. solium.
A medical doctor showed the medical students TVW after they found a
cyst on a CT-scan, so the students would understand the disease. One
participant shared his knowledge on a bus ride, and another at a bar
selling pork. These findings showed that the participants were engaged
in distributing the knowledge they gained through using TVW. This was
in accordance with their answer regarding question 28 in the test,
where 81% (n = 50) of the participants confirmed that they had acted
to prevent HT, PC, or NCC, and 79% (n = 49) of the participants sup-
plied examples of how they had disseminated their knowledge to sta-
keholders such as co-workers, family members, friends, or farmers.
When questioned about changes in the daily work, 31% (n = 19) of the
participants stressed that increased knowledge was the largest change,
however 5% (n = 3) of the participants found no change in their work
or private life, even though they had used the program. Of the agri-
culture/livestock officers 3% (n = 2) said that their confidence in their
work had improved; one of them said he had convinced the farmers that
it was a real disease and it could be prevented. One veterinarian ex-
plained how his increased knowledge had enabled him to deliver the
same information he had previously done, but in a simpler and more
specific manner after using the program. There were several examples
of work routines, or practical changes in the areas where the partici-
pants worked. An agriculture extension officer said that he educated the
village on how to build latrines and implemented a by-law where the
villagers had to build a latrine for their family or receive a fine. Another
had encountered challenges with farmers allowing free roaming of pigs,
but after introducing TVW, he taught farmers to build pig pens and after

Table 1
Professional groups included in the study.

Sector Professions Number of participants

Agriculture sector
(n = 49)

Veterinarian 8
Agriculture/livestock diploma
student

22

Agriculture/livestock extension
officers

16

Meat inspectors 3
Health sector

(n = 13)
Health officers 4
Assistant medical officer students 5
Medical officers 4
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saw positive changes within the community. Four participants said that
the largest change was the farmers now keeping pigs confined com-
pared to roaming before. In order to prevent HT, 35% (n = 22) of the
participants mentioned that they taught people only to eat was properly
cooked pork, following the village level messages of TVW. There was no
general agreement on how to cook the pork, but a participant said it
was when you boil the pork, another said that you had to boil the pork for
twenty minutes. During the previous year, 34% (n = 21) of the partici-
pants had seen pigs infected with porcine cysticercosis. In the agri-
cultural-group 11% (n = 7) had specifically told the owner to condemn
the pork. In a group interview, the participants expressed concerns
regarding the relationship to the public if they recommended the pork
to be condemned. Washing vegetables in clean water as a way of pre-
venting disease, and teaching the farmers that eating or drinking pro-
ducts which were contaminated with eggs could cause disease was
mentioned in the interviews by 5% (n = 3). It was a focus point for
several informants to educate local farmers how to build hand-washing
stations and to use soap when washing their hands. One participant told
farmers to build tables in order to get food and cookware off the ground
to avoid contamination.

4. Discussion

This study showed that participants after 1.5 h using TVW on a
computer and following access to the program through a USB-stick,
were able to maintain a significantly improved level of knowledge

regarding T. solium and implement preventive measures one year later.
This is in line with a study from Northern Tanzania where significant
knowledge increase was detected in form a school-based health study,
one year after intervention (Mwidunda et al., 2015). A study evaluating
efficacy of teaching methods in prevention of NCC found that if there
was a second visit with health education including a one-on-one talk
with the researcher, the knowledge would not decline after six months,
and it was 11 times more likely that the farmer had heard about T.
solium (Wohlgemut et al., 2010). In this study, the participants said that
they were using their knowledge actively when educating farmers and
patients in prevention of T. solium, and the participants felt more con-
fident when educating others after using TVW.

The study showed an increase in knowledge regarding T. solium. A
study done in 2002–2004 in Mbulu District, Tanzania, suggested that
health-education reduced the consumption of cyst-infected pork and
the incidence of porcine cysticercosis, but at the same time found no
improvement in human behaviour preventing infection, such as the use
of latrines and whether the latrines had closing doors (Ngowi et al.,
2008). In our study, only seven of the 21 participants who had en-
countered infected pigs in the previous year specifically instructed the
farmers to condemn cyst-infected pork. This could reflect that although
knowledge is gained, social or economic barriers still exist in im-
plementing change, as the test showed that all participants knew how to
handle cyst-infected pork. More specifically, maintaining a good re-
lationship with the public was mentioned in a group discussion as a
barrier. A study involving schoolchildren found that their attitude to-
wards pork condemnation was more positive after an intervention, but
they remained unlikely to contact a veterinarian upon finding an in-
fected pig (Mwidunda et al., 2015). This supports that knowledge re-
garding best practice exists, but barriers such as economic loss, were
more important than benefits of pork condemnation. The participants
also included cooking pork properly as a part of the preventive mea-
sures for HT. Another study showed that the lack of knowledge re-
garding T. solium may result in farmers assuming that cysticercosis
originates from feeding pigs maize bran, and that cysticercosis is only

Fig. 2. Mean test scores at baseline, 2-week follow-up, and 1-year follow-up. The error bars represent the 95% confidence interval around the mean.

Table 2
Test scores for professional groups shown in percentage, where correct answers to all the 24 questions equalled 100%.

Sectors Number of participants Baselinea (%) First follow-upa (%) Second follow-upa (%) Third follow-up (%)

Agriculture and livestock 49 75 82 81 79
Health 13 73 87 88 85
Total 62 74 83 82 80

a Data from the initial study2.

Table 3
Estimated time by participant spent using The Vicious Worm.

Responses Participants (%)

Not used 11 (18)
Used once 16 (26)
Used several times in private 11 (18)
Used and introduced to others 23 (38)
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transmitted between pigs, therefore making pork safe to consume
(Sikasunge et al., 2007). Maridadi and colleagues reported that parti-
cipants ate pork in local brew bars where pork was served fried but
undercooked (Maridadi et al., 2011). The study also found that edu-
cated people gained knowledge more easily, regarding the life-cycle
and prevention of T. solium (Maridadi et al., 2011). Targeting profes-
sionals to spread knowledge regarding T. solium appears to be a good
approach, as they are in contact with the public and they understand
the basics of preventing T. solium, resulting in potential practice
changes as explained in the interviews. Especially training of students,
since the results from this study showed that after finishing their edu-
cation they dispersed to more than three quarters of Tanzania’s ad-
ministrative regions.

The study would have benefitted from a control group, but as this
was not included in the original study nor were data available on of-
ficial or unofficial training regarding T. solium during the time before
the evaluation. Another major constraint represents the limitation on
79 participants. Thus limiting the validity and reliability of the study. In
addition, the communication was problematic. The tests and interviews
were conducted in English, not the official language Swahili, although
participants did at least possess a moderate level of English. Still, sev-
eral participants needed help translating the test and during the inter-
view. The participants engaging in the interviews were mainly from the
agricultural sector and probably influenced the themes brought forward
during the interviews. Six participants chose to answer the test by e-
mail. They could potentially have had access to TVW while answering;
however, their answers were in no measure better than the rest of the
participants. Social desirability bias might affect the self-reported
measure, which was an important limitation in the study. This study
showed an increase in knowledge for the health sector by use of TVW,
but with the limited sample size, it was not possible to generalize these
results. Although participants informed of changed practices and using
TVW for educational purposes, the study was limited by the lack of
observational data. Before TVW can be implemented and upscaled as a
component in a control programme, this should be confirmed by a more
rigorous evaluation.

The study found that training participants by giving them access to
an electronic learning tool, provided long-term knowledge uptake, and
that gained knowledge were used to educate others. The education of
students was demonstrated to be effective in spreading individuals with
knowledge to the majority of regions in Tanzania. Changed practices
were identified through interviews consisting of by-laws implemented,
and practical workshops on building latrines, tables for food and
cookware, pigpens and hand washing stations by locally available re-
sources. Many of the participants pointed to the fact that TVW was an
English program, but it has now been translated to Swahili, so it is
accessible for a larger part of the population in Eastern Africa (Trevisan
et al., 2017).
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