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Abstract: Digital health is considered an opportunity to engage a wider community in disease
control for public health. It has been used in healthcare consultation, in medical treatments and in
reporting emergencies. The current study developed digital health literacy content for public health
education and assessed its effects on porcine cysticercosis prevalence, pig-keeping style and pig pen
and latrine qualities. The intervention was designed and evaluated on the prevention and control of
porcine cysticercosis in the Iringa District of southern Tanzania. A quasi-controlled field trial with
pre-intervention and post-intervention assessments of porcine cysticercosis, pig-keeping style and pig
pen and latrine qualities was conducted. A baseline cross-sectional study was followed immediately
by digital health literacy intervention, which comprised educational messages on porcine cysticercosis
shown on computer tablets or smartphones. Free internet access supported unsupervised community
access. The 25-month post-intervention assessments revealed significantly increased pig confinement
(20.1%) (p = 0.026) and pig pen quality (16.2%) (p = 0.025). However, the quality of household latrines
(p = 0.453) was not improved, nor was there any significant effect on the prevalence of porcine
cysticercosis (p = 0.231). The digital health literacy intervention suggests a strategy for wider and
sustainable dissemination of educational messages for Taenia solium infection control.
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1. Introduction

Worldwide public health education is used to improve the control of diseases by
increasing literacy and providing practical guidelines for the control of targeted diseases [1].
Digital technology has provided an opportunity for the quick and wide dissemination
of education, including health education, and hence enhances disease management and
control [2,3]. Taenia solium cysticercosis is one of the important but neglected zoonotic
diseases endemic in Africa, Asia and Latin America, with considerable public health
and economic impacts [4,5]. The disease is detrimental to human health, since it causes
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neurocysticercosis that reduces life quality [6,7], and it affects the pig industry by disrupting
pork quality, hence reducing income from pig business while creating a threat to public
health [8,9].

Tanzania is one of the African countries highly affected by T. solium cysticercosis
in humans and pigs. The disease is endemic in many regions of the country, including
the northern, central and southern highlands [10,11]. Different intervention strategies
have been applied to control T. solium, with health education suggested as an important
component in any control strategy for T. solium infections [12–14]. Digital technology has
been suggested as a quicker and more convenient means of delivering health education
to the public to enhance the control of T. solium cysticercosis [15–17]. The technology has
improved the knowledge and altitude of the awareness of the control of T. solium cysticer-
cosis [4], though the intervention effect based on actual practices for disease management
is lacking.

A project named “Non-discriminating Access for Digital Inclusion (the DIGI project)”
in Tanzania, funded by the Norwegian Research Council, developed health education mes-
sages for T. solium infection control and disseminated them to selected pilot communities
in southern Tanzania, through showing videos and the provision of free internet access.
The implemented program allowed the local communities (individually or in groups) to
learn the epidemiology, prevention and control of T. solium infections. This study aimed
at assessing the effects of the digital health intervention on the prevalence of T. solium
cysticercosis in pigs and favourable practices for the control of the infection.

2. Materials and Methods
2.1. Study Area

This study was conducted in three wards, namely Izazi, Migoli and Mlowa, involving
nine villages. The study sites are within the Iringa District in the southern highlands
of Tanzania. In 2012, the Iringa District was estimated to have 254,032 people [18], and
the pig population was estimated to be 35,065 out of the total 241,829 pigs accounted
for in the Iringa region [18], which is among the southern highland regions producing
pigs in Tanzania. The district is located between 7◦ 05′ and 36◦ 32′ south and 33◦ 47′–36◦

32′ east with an area of 20,576 km2. The Iringa District lies at an altitude of 475 meters
above sea level with high peaks of 2981 meters above sea level. Rainfall reaches up to
704 mm per year, and the cold season’s temperature falls below 15 ◦C. The wet season
occurs from November to May with a peak in January [19]. The district predominantly
produces pigs on a small scale, and contributes about 15 per cent of the pig population in
Tanzania [18]. Although the pig production industry is known to improve livelihoods [20],
the industry has been affected by porcine cysticercosis [9]. The present study was conducted
from April 2019 to July 2021. It is important to note in this study that the study site had
sanitation campaigns in the year 2020, which emphasized the construction and use of
latrines using sanitary methods among households. In addition, in the same year, district
and village leaders enforced by-laws which insisted on indoor pig-keeping. In addition,
the COVID-19 pandemic emerged in Tanzania around February 2020, which stimulated
sanitation (especially handwashing) that was highly emphasized.

2.2. Study Design

This was a quasi-field trial with pre-intervention and post-assessment of porcine
cysticercosis and related household practices. The study involved a baseline assessment
of the prevalence of porcine cysticercosis, pig-keeping style and pig pen quality and the
latrine quality assessment, followed by a digital health intervention (started immediately
after the baseline to 25 months) and finally a follow-up survey similar to the baseline study
(25 months after the intervention). Pig-keeping style was defined as poor for scavenging
or tethering yearly and good for confinement all year. Poor pig pen quality was defined
as pens that cannot support total animal confinement and animal welfare, while good
pig pens were those that can support total animal confinement and animal welfare all
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year. In addition, latrine quality was defined as poor when it discouraged use and had an
unrestricted entrance, but was defined as good when it encouraged use and had a restricted
non-human entrance. The digital health intervention assessment was for the evaluation of
the intervention effect. Post-intervention data were collected in July 2021.

2.3. Sample Size and Sampling

The sample size for pigs was calculated using the formula n = Z2PQ/L2 [21], where
“n” is the required sample size, “P” is the known or estimated prevalence of the desired
factor (in this case porcine cysticercosis), “Q” is 1-P, which is a proportion free of the factor,
and “L” represented acceptable estimation error. “Z” is the z-score for a confidence level,
which was 1.96, as we preferred a 95 per cent confidence level. Consequently, “L” was 5 per
cent. Based on previous studies in neighbouring districts of Mbozi and Mbeya, “P” was
estimated at 33 per cent [22]. Thus, 339 pigs were required for the study. About 346 pigs
were examined from 88 households at baseline. During the post-intervention assessment, a
total of 298 pigs from 70 households who continued keeping pigs underwent examination.

2.4. Data Collection

Biodata and a brief history were collected for each study pig, including the likelihood
of the female pig is pregnant. An approximately 5 mL blood sample was collected through
the external jugular vein into a plain vacutainer tube [23] and allowed to clot. The clotted
blood samples were centrifuged at 2000 revolutions per minute (rpm) for 3 min. Each
serum sample was kept in a 2 mL cryogenic tube and stored at −20°C before analysis.
Piglets younger than two months and sows with detectable pregnancy were excluded to
reduce chances of stress which could have adverse health effects. Using a commercial
Enzyme-Linked Immunosorbent Assay (ELISA) kit [24] as per the manufacturer’s (apDia
bvba, Raadsherenstraat 3, 2300 Turnhout, Belgium) instruction, the seropositivity status of
each pig was obtained.

Parallel to pig sampling was the observational study that aimed at assessing household
practices related to pig management, sanitation and hygiene. Pig-keeping style and pig
pen and latrine qualities were examined to determine good or poor practices. A checklist
of targeted factors guided the observational study. Interviews and observational data were
collected in Kobo toolbox software installed on Android tablets.

2.5. The Digital Health Literacy Intervention

The digital health literacy intervention consisted of two phases. The first phase was
from April to May/June 2019, soon after baseline data collection. This phase involved
research assistants showing a video to some randomly selected household members of the
intervention wards (Izazi and Migoli). The video consisted of animated health messages
on T. solium taeniasis/cysticercosis. The tablets with the video were left in the ward offices
for more voluntary learning in the villages. The second phase was from November 2019 to
September 2020, which involved the provision of free information and internet access in an
InfoSpot (a centre with free wireless access to a health platform and the internet). In the
InfoSpot, the community had unsupervised access to health education in the form of texts,
pictures, animations and quizzes. Viewers were expected to access the educational content
using personal smartphones or the DIGI project tablets available in the InfoSpots and ward
offices in the intervention wards.

2.6. Intervention Allocation

Izazi and Migoli Wards were assigned to the intervention, while Mlowa Ward served
as a control because of its isolated location, which was considered favourable to reduce
chances of information communication and contamination.
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2.7. Post-Intervention Data Collection

The post-intervention data were collected from the same households examined during
the baseline still keeping pigs. The same data collection procedures as those used in the
baseline study were used during the post-intervention study.

2.8. Data Analysis

Data were entered into a Microsoft Excel spreadsheet and analysed in STATA 15
to assess the effect of the digital health intervention on porcine cysticercosis prevalence
and the three household practices: pig-keeping style, the quality of a constructed pig
pen and the quality of a household latrine. This analysis involved only households that
participated in both the baseline and the post-intervention studies, hereby referred to
as “full participants”. To avoid the effect of clustering at the household level, although
several pigs were examined in some households based on availability, the intervention
effect was analysed at the household level by considering a household positive if it had
at least one infected pig at the visitation time. First, McNemar’s Chi-Square tests were
used to see if, within a treatment group (intervention or control) there was any significant
difference in the prevalence of at least one infected pig in a household between the baseline
and post-intervention periods. Therefore, baseline and post-intervention data within a
group were considered as paired since the same households were examined between
the two periods. However, a different pig population was most likely examined post-
intervention because of the long time difference between the two periods (approximately
25 months), in which most baseline pigs would have been sold. Thus, the presence of
at least one infected pig in a household was considered a household factor. McNemar’s
Chi-Square test was computed in STATA 15 using the command mcc. To analyse the effect
of the intervention on the studied variables, the intervention and control households were
considered independent. Therefore, the STATA command prtest was used to analyse the
effect of the digital health intervention on the prevalence of at least one case of porcine
cysticercosis in the household. In addition, the data at the pig level were analysed using the
Wilcoxon signed-rank test for within-treatment group changes from baseline and Wilcoxon
rank-sum test for between-treatment group differences (intervention effects). Pig-keeping
style, pig pen quality and latrine quality were the analysed household practices. Although
the practices were rated into three levels, good, fair and poor (or similar terms), in the
analysis of the intervention effect, all variables were dichotomised into good or poor by
merging the poor and fair into poor. The intervention effects on these factors were analysed
using the same statistical procedures used in analysing the intervention effect on porcine
cysticercosis at the household level described above.

3. Results
3.1. General Results

This study included 88 households during the baseline (48 intervention and 40 control).
At the post-intervention assessment, 18 households (16 intervention and 2 control) could
not be followed up because they were no longer keeping pigs. Therefore, 70 households
(32 intervention and 38 control) participated in both assessments, and hence, they were
analysed for the intervention effect. The baseline prevalence of porcine cysticercosis and its
associated risk factors have been reported elsewhere [25].

3.2. The Effect of Digital Health Literacy Intervention on The Prevalence of Porcine Cysticercosis

The difference in the pig-level prevalence of porcine cysticercosis between the inter-
vention and control groups is shown in Table 1. There was no significant difference in the
pig-level prevalence of porcine cysticercosis between the baseline and post-intervention
periods in the intervention group, despite a slight decrease during the post-intervention
period (p = 0.365). On the other hand, there was a significant decrease in the pig-level
prevalence of porcine cysticercosis during the post-intervention period in the control group
(p = 0.026). The non-parametric analysis of the pig-level data using the Wilcoxon signed-
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rank test for within-treatment group changes from baseline and Wilcoxon rank-sum test for
between-treatment group differences did not find any statistical significance (p = 0.6988,
0.1175 and 0.5184, respectively).

Table 1. Effect of the digital health literacy intervention on porcine cysticercosis prevalence at pig
level in Iringa Rural District, Tanzania, 2019–2021.

Ward Group
Baseline Study Post-Intervention Study Difference Statistical

Significance

Tested +ve Prev.
(%) Tested +ve Prev.

(%)
Post interv.

and Baseline p-Value

Izazi intervention 56 12 21.4 69 10 14.5 −6.9 0.311

Migoli intervention 89 18 20.2 110 20 18.2 −2.0 0.715

Izazi and
Migoli intervention 145 30 20.7 179 30 16.8 −3.9 0.365

Mlowa control 114 26 22.8 119 14 11.8 −11.0 0.026

Having found no significant difference in the prevalence of porcine cysticercosis
between the two intervention wards (Izazi and Migoli), in the subsequent analysis, the two
wards were analysed in combination. Although the percentage of households with at least
one positive case increased from 50 to 53.1 per cent in the intervention group, this increase
was not statistically significant (p = 0.7963, n =32). Similarly, the decrease in the percentage
of households with at least one infected pig from 39.5 to 28.9 per cent in the control group
was not statistically significant (p = 0.3938, n = 38) (Table 2).

Table 2. Effect of a digital health literacy intervention on the prevalence of at least one case of porcine
cysticercosis in a household in Iringa Rural District, Tanzania, 2019–2021.

Group Households
Examined (a)

Households
Changing

from Positive
to Negative

After
Intervention

(b)

Households
Changing

from
Negative to

Positive After
Intervention

(c)

Net Change
in Status

After
Intervention
(d = c − b)

Percentage
Net Change

in Status
After

Intervention
(d/a × 100)

Difference in
Change
Between

Control and
Intervention in
% (and 95% CI)

Significance
of The

Change in
Status

Between
Groups

(p Value)

Control 38 13 9 4 10.5 7.4 (−4.1, 18.9) 0.231
Intervention 32 7 8 1 3.1

This analysis found no statistical difference that could be attributed to the intervention
(p = 0.2310), as while some households changed from disease to no disease status in both
groups, a reasonable number of households changed from no disease to disease status,
making it difficult to rule out the role of chance.

3.3. Effect of The Digital Health Literacy Intervention on Household Practices Related to Porcine
Cysticercosis

Intervention effects on a change from baseline levels of the pig-keeping style, pig pen
quality and latrine quality are shown in Table 3. The within-treatment group comparison
between the baseline and post-intervention periods using McNemar’s Chi-Square test
found a significant change from scavenging/tethering to confinement of pigs in both the in-
tervention and control households (p = 0.000 in both). There were no significant differences
between the baseline and post-intervention periods on pig pen quality (emphp = 0.263
and 1.000, respectively) or latrine quality, in either of the treatment groups (p = 0.146 and
0.064, respectively). The comparison between groups revealed a significant change in
good practices of keeping pigs under confinement and constructing good-quality pig pens
attributable to the intervention (p = 0.026 and 0.025, respectively).
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Table 3. Effect of the digital health literacy intervention on household pig-keeping style, pig pen
quality and latrine quality in Iringa Rural District, Tanzania, 2019–2021.

Group Households
Examined (a)

Households
Changing

from Poor to
Good

Practice After
Intervention

(b)

Households
Changing

from Good to
Poor Practice

After
Intervention

(c)

Net Change
in Status

After
Intervention
(d = c − b)

Percentage
Net Change

in Status
After

Intervention
(d/a × 100)

Difference in
Change
Between

Control and
Intervention in
% (and 95% CI)

Significance
of the

Change in
Status

Between
Groups

(p Value)

Pig-keeping style

Control 38 29 1 28 73.7 20.1 (3.7, 36.4) 0.026
Intervention 32 30 0 30 93.8

Pig pen quality

Control 38 10 9 1 2.6 16.2 (16.7, 30.6) 0.025
Intervention 32 13 7 6 18.8

Latrine quality

Control 38 7 17 10 26.3 7.5 (−27.0, 11.9) 0.453

Intervention 32 3 9 6 18.8

4. Discussion

This study has, for the first time, evaluated the effect of a digital health literacy
intervention on the prevalence of porcine cysticercosis and three associated actual practices
in an endemic setting in Tanzania. A study by [4] reported improved knowledge and
attitudes towards the control of porcine cysticercosis through digital health education in
Tanzania. Such kind of education has not been found to predict the intervention effect on
pig management practices and with no disease magnitude. This pilot study has shown
promising results towards the use of digital technology to enhance the dissemination of
health education messages to reduce endemic diseases, particularly neglected tropical
diseases in sub-Saharan Africa, as the intervention improved some key practices necessary
for the control of T. solium infections.

The digital health literacy intervention on T. solium infection control caused significant
improvement in confinement and animal welfare, as well as a marked increase in pig
confinement. These are important measures to prevent pigs from acquiring infections
from contaminated environments. This positive finding suggests that knowledge has
influenced practices positively. A study by [12] found no significant improvement in pig
confinement approximately 10–12 months following a community-based face-to-face health
education intervention, despite improvement in knowledge and attitudes. The authors
deduced that the time was too short to observe any change in practices based on the
Diffusion of Innovation Theory [26]. The remarkable improvement in pig house quality
and pig confinement observed in the present study could be because of the longer duration
of 25 months post-intervention compared to the previous study [12]. It could also be
attributed to the easiness, and the strength in conveying digitally enabled health messages
and animations used to educate the community on practising good pig husbandly for
porcine cysticercosis control. The findings of this study are consistent with a similar study
in Mozambique, which revealed changes to good pig-keeping style and construction of
good-quality pig pens through education [27].

The digital health literacy intervention did not improve the quality of household la-
trines. This suggests that some behaviour changes may need more time to allow knowledge
synthesis to practical outcomes [28,29], as they may be tied to cultural norms, making them
difficult to change within a short time. Studies elsewhere have indicated that changes in
health management practices in communities require regular education and the provision
of enabling skills for the implementation of essential public health measures [30]. Skills
and/or guidance in constructing a pig pen were not provided in the current education
program, which could have a large effect on the quality of the construction of pig pens in
the study area.
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The digital health literacy intervention did not have a significant effect on the preva-
lence of porcine cysticercosis. The lack of any effect from the intervention could partly be
attributed to the lack of improvement in household latrine quality. Despite increased con-
finement of pigs observed during our snapshot visit to the households, such pigs may still
be at risk of infection due to poor latrines and confinement is not permanent practice. It was
reported that some farmers do release their pigs to access field crop leftovers post-harvest,
especially during the dry season [31]. This may allow pigs to access human faecal material,
which may sometimes contain T. solium eggs. The general decline in porcine cysticercosis
prevalence post-intervention in both the intervention and control households observed
in this study implies that the decline cannot be related to the intervention. Still, rather
it could be a result of other factors that occurred in the study areas, which may include
sanitation campaigns carried out in the year 2020 that emphasised the construction and use
of latrines using sanitary methods among households. In addition, in the same year, district
and village leaders enforced by-laws that insist on indoor pig-keeping. Another factor was
the COVID-19 pandemic that emerged in Tanzania in February 2020, in which sanitation
(especially hand washing) was highly emphasised. In Burkina Faso and Tanzania, porcine
cysticercosis has been reported as more prevalent in free-roaming than among confined
pigs, especially during cold weather or the rainy season [31,32]. Pigs scavenging on farm
leftovers, practised during the dry season, likely exposed the pigs to porcine cysticercosis
infection that becomes detectable two to three months later, a period falling in the following
rainy season. This could account for possible factors that led to a higher prevalence of
porcine cysticercosis at baseline (end of rainy season) compared to the post-intervention
period (dry season). Presence of tall grasses and bushes after rainy season create convenient
environment away from home for open defecation [33], hence posing a risk to roaming
and even confined pigs feeding on cut grass. Grown shrubby and shade trees provide
cool weather conditions for pig habitation far away from their homes [34], widening the
pigs’ chances of coming into contact with T. solium eggs in contaminated environments.
Running water in the rainy season increases the chances of environmental contamination
by dispersing materials, including worm eggs, from contaminated environments. How-
ever, the decline in the prevalence post-intervention in both the intervention and control
wards was not statistically significant. The pig producers were not restricted to selling or
slaughtering their pigs, and the fact that the post-intervention sampling was conducted two
years from the time of the baseline study makes it likely that the pigs examined during the
post-intervention were different from the ones examined during the baseline, thus possibly
reflecting new cases (incidents) of porcine cysticercosis.

5. Conclusions

This study revealed a significant improvement in pig pen quality and increased pig
confinement attributable to the digital health literacy intervention in Izazi and Migoli Wards
of the Iringa District of southern Tanzania. This is an important step forward towards the
control of T. solium infections. The intervention did not improve the quality of household
latrines, nor did it reduce the prevalence of porcine cysticercosis. This may be explained by
the two factors being interwoven and that more time is needed to see changes resulting from
an education intervention. The authors recommend the digital health literacy intervention
as a strategy for wider and sustainable dissemination of educational messages for the
control of T. solium infections and other public health problems. Sustainability of the digital
health intervention remains a challenge to solve, possibly between the public sector (such
as the ministry of health) and private sector, in particular mobile phone operators, to enable
poor rural communities to afford the costs associated with internet access.



Pathogens 2023, 12, 107 8 of 9

Author Contributions: Conceptualization, F.K.; moderated the idea of conceptualisation, B.M., C.H.,
J.N. and A.S.W.; methodology, F.K. and H.N.; analysis, F.K. and H.N.; technical facilitators, B.N.
and F.S; writing—original draft preparation, F.K.; writing—revision and editing, F.K., H.N., B.M.,
C.H., B.N., F.S. and A.S.W.; supervision, B.M. and H.N; project administration, J.N., H.N. and A.S.W.;
funding acquisition, H.N., J.N. and A.S.W. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was facilitated by the Non-Discriminating Access for Digital Inclusion
(DIGI) Project, funded by The Norwegian Research Council and The Norwegian Ministry of Foreign
Affairs/The Norwegian Agency for Development Cooperation (NORAD). The funders had no role in
the planning of this study or the writing of this article.

Institutional Review Board Statement: This research was approved by the ethical committee of the
Sokoine University of Agriculture (Ref. No. SUA/ADM/R.1/8/316) and the Tanzania National
Institute for Medical Research (Ref. No. NIMR/HQ/R.8a/Vol. IX/2947). The study was conducted
according to the guidelines of the Declaration of Helsinki. Permission to carry out the study was also
provided by the district, ward and village government authorities of Iringa District Council (Ref. No.
FA.255/265/01/PART ‘C;/72).

Informed Consent Statement: Participants verbally consented to participate after being informed of
the purpose and scope of the study. For confidentiality and data protection, an identification number
was assigned to each household instead of names.

Data Availability Statement: Not applicable.

Acknowledgments: The DIGI project hosted by the Sokoine University of Agriculture (SUA) and
the National Institute for Medical Research (NIMR) in Tanzania, as well as field officers, local and
regional government leaders, authors and reviewers, are appreciated for their contributions.

Conflicts of Interest: The authors declare no competing interests. All authors have approved the
final article submission.

References
1. Wang, M.; Han, X.; Fang, H.; Xu, C.; Lin, X.; Xia, S.; Yu, W.; He, J.; Jiang, S.; Tao, H. Impact of Health Education on Knowledge

and Behaviors toward Infectious Diseases among Students in Gansu Province, China. BioMed. Res. Int. 2018, 6397340. [CrossRef]
[PubMed]

2. Deriel, E.; Puttkammer, N.; Hyppolite, N.; Diallo, J.; Wagner, S.; Honoré, J.G.; Balan, J.G.; Celestin, N.; Vallès, J.S.; Duval, N.; et al.
Success factors for implementing and sustaining a mature electronic medical record in a low-resource setting: A case study of
iSanté in Haiti. Health Policy Plan. 2017, 33, 237–246. [CrossRef] [PubMed]

3. Karimuribo, E.D.; Mutagahywa, E.; Sindato, C.; Mboera, L.; Mwabukusi, M.; Njenga, M.K.; Teesdale, S.; Olsen, J.; Rweyemamu, M.
A Smartphone App (AfyaData) for Innovative One Health Disease Surveillance from Community to National Levels in Africa:
Intervention in Disease Surveillance. JMIR Public Health Surveill. 2017, 3, e94. [CrossRef] [PubMed]

4. Ngowi, H.A.; Winkler, A.S.; Braae, U.C.; Mdegela, R.H.; Mkupasi, E.M.; Kabululu, M.L.; Lekule, F.P.; Johansen, M.V. Taenia
solium taeniosis and cysticercosis literature in Tanzania provides research evidence justification for control: A systematic scoping
review. PLoS ONE 2019, 14, e0217420. [CrossRef]

5. Ito, A.; Budke, C.M. Genetic Diversity of Taenia solium and its Relation to Clinical Presentation of Cysticercosis. Yale J. Biol. Med.
2021, 94, 343–349.

6. Winkler, A.S. Neurocysticercosis in sub-Saharan Africa: A review of prevalence, clinical characteristics, diagnosis, and manage-
ment. Ann. Trop. Med. Parasitol. 2012, 106, 261–274. [CrossRef]

7. Mwang’Onde, B.J.; Chacha, M.J.; Nkwengulila, G. The status and health burden of neurocysticercosis in Mbulu district, northern
Tanzania. BMC Res. Notes 2018, 11, 890. [CrossRef]

8. Pondja, A.; Neves, L.; Mlangwa, J.; Afonso, S.; Fafetine, J.; Willingham, A.L.; Thamsborg, S.M.; Johansen, M.V. Use of Oxfendazole
to Control Porcine Cysticercosis in a High-Endemic Area of Mozambique. PLOS Negl. Trop. Dis. 2012, 6, e1651. [CrossRef]

9. Kayuni, E.N. Socio-economic and health costs of porcine/human cysticercosis, neurocysticercosis and epilepsy to small-scale pig
producers in Tanzania. Bull. Natl. Res. Cent. 2021, 45, 217. [CrossRef]

10. Kavishe, M.D.B.; Mkupasi, E.M.; Komba, E.V.G.; Ngowi, H.A. Prevalence and risk factors associated with porcine cysti-cercosis
transmission in Babati district, Tanzania. Livest. Res. Rural. Dev. 2017, 29, 16. Available online: http://www.lrrd.org/lrrd29/1/
kavi29016.html (accessed on 24 August 2022).

11. Mlowe, F.; Karimuribo, E.; Mkupasi, E.; Churi, A.; Nyerere, A.D.; Schmidt, V.; Ngowi, H.; Winkler, A.S.; Mlangwa, J. Challenges
in the Diagnosis of Taenia solium Cysticercosis and Taeniosis in Medical and Veterinary Settings in Selected Regions of Tanzania:
A Cross-Sectional Study. Vet. Med. Int. 2022, 2022, 7472051. [CrossRef] [PubMed]

http://doi.org/10.1155/2018/6397340
http://www.ncbi.nlm.nih.gov/pubmed/29707573
http://doi.org/10.1093/heapol/czx171
http://www.ncbi.nlm.nih.gov/pubmed/29253138
http://doi.org/10.2196/publichealth.7373
http://www.ncbi.nlm.nih.gov/pubmed/29254916
http://doi.org/10.1371/journal.pone.0217420
http://doi.org/10.1179/2047773212Y.0000000047
http://doi.org/10.1186/s13104-018-3999-9
http://doi.org/10.1371/journal.pntd.0001651
http://doi.org/10.1186/s42269-021-00676-x
http://www.lrrd.org/lrrd29/1/kavi29016.html
http://www.lrrd.org/lrrd29/1/kavi29016.html
http://doi.org/10.1155/2022/7472051
http://www.ncbi.nlm.nih.gov/pubmed/35815231


Pathogens 2023, 12, 107 9 of 9

12. Ngowi, H.A.; Carabin, H.; Kassuku, A.A.; Mlozi, M.R.; Mlangwa, J.E.; Willingham, A.L. A health-education intervention trial to
reduce porcine cysticercosis in Mbulu District, Tanzania. Prev. Vet. Med. 2008, 85, 52–67. [CrossRef] [PubMed]

13. Alexander, A.M.; Mohan, V.R.; Muliyil, J.; Dorny, P.; Rajshekhar, V. Changes in knowledge and practices related to taeni-
asis/cysticercosis after health education in a south Indian community. Int. Health 2012, 4, 164–169. [CrossRef]

14. Mwidunda, S.A.; Carabin, H.; Matuja, W.B.M.; Winkler, A.S.; Ngowi, H.A. A School Based Cluster Randomised Health Education
Intervention Trial for Improving Knowledge and Attitudes Related to Taenia solium Cysticercosis and Taeniasis in Mbulu District,
Northern Tanzania. PLoS ONE 2015, 10, e0118541. [CrossRef] [PubMed]

15. Ertel, R.L.; Braae, U.C.; Ngowi, H.A.; Johansen, M.V. Assessment of a computer-based Taenia solium health education tool ‘The
Vicious Worm’ on knowledge uptake among professionals and their attitudes towards the program. Acta Trop. J. 2017, 165,
240–245. [CrossRef] [PubMed]

16. Hobbs, E.C.; Mwape, K.E.; Devleesschauwer, B.; Van Damme, I.; Krit, M.; Berkvens, D.; Zulu, G.; Mambwe, M.; Chembensofu, M.;
Trevisan, C.; et al. Effects of ‘The Vicious Worm’ educational tool on Taenia solium knowledge retention in Zambian primary
school students after one year. PLOS Negl. Trop. Dis. 2019, 13, e0007336. [CrossRef]

17. Vaernewyck, V.; Mwape, K.E.; Mubanga, C.; Devleesschauwer, B.; Gabriël, S.; Trevisan, C. Effects of ‘The Vicious Worm’
educational software on Taenia solium knowledge among key pork supply chain workers in Zambia. PLOS Negl. Trop. Dis. 2020,
14, e0008790. [CrossRef]

18. NBS-Iringa regional report. National Sample Census of Agriculture 2007/2008. National Beaural of Statistics. 2012. Available online:
https://www.nbs.go.tz/nbs/takwimu/Agriculture/IRINGA%20REGION%20REPORT.pdf (accessed on 26 October 2022).

19. World Weather Forecast. 2019. Available online: https://www.weather-atlas.com/en/tanzania/iringa-climate (accessed on
25 January 2021).

20. Chauhan, A.; Patel, B.H.M.; Ranvijay, M.; Sushil, K.; Sanjeev, S.; Subodh, K. Pig Production System as a Source of Livelihood in
Indian Scenario: An Overview. Int. J. Sci. Environ. 2016, 5, 2089–2096.

21. Martin, W.S.; Meek, H.A.; Willeberg, P. Veterinary Epidemiology—Principles and Methods, 1st ed.; Iowa State University Press: Iowa
City, IA, USA, 1987; p. 356. ISBN 0-8138-1856-7.

22. Komba, E.V.; Kimbi, E.C.; Ngowi, H.A.; Kimera, S.I.; Mlangwa, J.E.; Lekule, F.P.; Sikasunge, C.S.; Willingham, A.L., III;
Johansen, M.V.; Thamsborg, S.M. Prevalence of porcine cysticercosis and associated risk factors in smallholder pig production
systems in Mbeya region, southern highlands of Tanzania. Vet. Parasitol 2013, 198, 284–291. [CrossRef]

23. Swindle, M.M. Sample Collection Series: Blood Collection in Swine. Sample Collection Series. 2010. Available online: https:
//www.sinclairresearch.com/assets/sites/2/Blood-Collection-in-Swine.pdf (accessed on 26 May 2018).

24. Dorny, P.; Brandt, J.; Geerts, S. Immunodiagnostic approaches for detecting Taenia solium. Trends Parasitol. 2004, 20, 259–260.
[CrossRef]

25. Kajuna, F.; Mwang’Onde, B.J.; Holst, C.; Ngowi, B.; Sukums, F.; Noll, J.; Winkler, A.S.; Ngowi, H. Porcine Cysticercosis Sero-
prevalence and Factors Associated with its Occurrence in Southern Highlands, Tanzania. Sci. Afr. 2022, 17, e01382. [CrossRef]

26. Dearing, J.W.; Cox, J.G. Diffusion Of Innovations Theory, Principles, and Practice. Health Aff. 2018, 37, 183–190. [CrossRef]
[PubMed]

27. Chilundo, A.G.; Mukaratirwa, S.; Pondja, A.; Afonso, S.; Alfredo, Z.; Chato, E.; Johansen, M.V. Smallholder pig farming education
improved community knowledge and pig management in Angónia district, Mozambique. Trop. Anim. Health Prod. 2020, 52,
1447–1457. [CrossRef] [PubMed]

28. Idris, F.; Hassan, Z.; Ya’Acob, A.; Gill, S.K.; Awal, N.A.M. The Role of Education in Shaping Youth’s National Identity. Procedia
Soc. Behav. Sci. 2012, 59, 443–450. [CrossRef]

29. Neubauer, B.E.; Witkop, C.T.; Varpio, L. How phenomenology can help us learn from the experiences of others. Perspect. Med.
Educ. 2019, 8, 90–97. [CrossRef]

30. Arlinghaus, K.R.; Johnston, C.A. Advocating for Behavior Change with Education. Am. J. Lifestyle Med. 2017, 12, 113–116.
[CrossRef]

31. Shonyela, S.M.; Mkupasi, E.M.; Sikalizyo, S.C.; Kabemba, E.M.; Ngowi, H.A.; Phiri, I. An epidemiological survey of porcine
cysticercosis in Nyasa District, Ruvuma Region, Tanzania. Parasite Epidemiol. Control. 2017, 2, 35–41. [CrossRef]

32. Ganaba, R.; Praet, N.; Carabin, H.; Millogo, A.; Tarnagda, Z.; Dorny, P.; Hounton, S.; Sow, A.; Nitiéma, P.; Cowan, L.D. Factors
Associated with the Prevalence of Circulating Antigens to Porcine Cysticercosis in Three Villages of Burkina Faso. PLOS Negl.
Trop. Dis. 2011, 5, e927. [CrossRef]

33. Bhatt, N.; Budhathoki, S.S.; Lucero-Prisno, D.E.I.; Shrestha, G.; Bhattachan, M.; Thapa, J.; Sunny, A.K.; Upadhyaya, P.; Ghimire, A.;
Pokharel, P.K. What motivates open defecation? A qualitative study from a rural setting in Nepal. PLoS ONE 2019, 14, e0219246.
[CrossRef]

34. Pray, I.W.; For The Cysticercosis Working Group in Peru; Muro, C.; Gamboa, R.; Vilchez, P.; Wakeland, W.; Pan, W.; Lambert, W.E.;
Garcia, H.H.; O’Neal, S.E. Seasonal patterns in risk factors for Taenia solium transmission: A GPS tracking study of pigs and
open human defecation in northern Peru. Parasites Vectors 2019, 12, 352. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.prevetmed.2007.12.014
http://www.ncbi.nlm.nih.gov/pubmed/18243375
http://doi.org/10.1016/j.inhe.2012.04.003
http://doi.org/10.1371/journal.pone.0118541
http://www.ncbi.nlm.nih.gov/pubmed/25719902
http://doi.org/10.1016/j.actatropica.2015.10.022
http://www.ncbi.nlm.nih.gov/pubmed/26536396
http://doi.org/10.1371/journal.pntd.0007336
http://doi.org/10.1371/journal.pntd.0008790
https://www.nbs.go.tz/nbs/takwimu/Agriculture/IRINGA%20REGION%20REPORT.pdf
https://www.weather-atlas.com/en/tanzania/iringa-climate
http://doi.org/10.1016/j.vetpar.2013.09.020
https://www.sinclairresearch.com/assets/sites/2/Blood-Collection-in-Swine.pdf
https://www.sinclairresearch.com/assets/sites/2/Blood-Collection-in-Swine.pdf
http://doi.org/10.1016/j.pt.2004.04.001
http://doi.org/10.1016/j.sciaf.2022.e01382
http://doi.org/10.1377/hlthaff.2017.1104
http://www.ncbi.nlm.nih.gov/pubmed/29401011
http://doi.org/10.1007/s11250-019-02148-x
http://www.ncbi.nlm.nih.gov/pubmed/31758385
http://doi.org/10.1016/j.sbspro.2012.09.299
http://doi.org/10.1007/s40037-019-0509-2
http://doi.org/10.1177/1559827617745479
http://doi.org/10.1016/j.parepi.2017.09.002
http://doi.org/10.1371/journal.pntd.0000927
http://doi.org/10.1371/journal.pone.0219246
http://doi.org/10.1186/s13071-019-3614-5

	Introduction 
	Materials and Methods 
	Study Area 
	Study Design 
	Sample Size and Sampling 
	Data Collection 
	The Digital Health Literacy Intervention 
	Intervention Allocation 
	Post-Intervention Data Collection 
	Data Analysis 

	Results 
	General Results 
	The Effect of Digital Health Literacy Intervention on The Prevalence of Porcine Cysticercosis 
	Effect of The Digital Health Literacy Intervention on Household Practices Related to Porcine Cysticercosis 

	Discussion 
	Conclusions 
	References

