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Endemicity of Taenia solium cysticercosis in
pigs from Mbeya Rural and Mbozi districts,
Tanzania
Mwemezi L. Kabululu1* , Helena A. Ngowi2, James E. D. Mlangwa2, Ernatus M. Mkupasi2, Uffe C. Braae3,4,
Chiara Trevisan5, Angela Colston6, Claudia Cordel7 and Maria V. Johansen8

Abstract

Background: Taenia solium taeniasis/cysticercosis is a disease of substantial economic and public health
importance particularly in low–income countries. The disease was reported to be endemic in Mbeya Rural and
Mbozi districts, in the southern highlands of Tanzania, the major pig production area in the country. In 2008, using
B158/B60 antigen detection enzyme–linked immunosorbent assay (Ag–ELISA), porcine cysticercosis prevalence of
up to 32% was reported in the districts. A number of interventions have been implemented in selected villages
including an integrated approach consisting of improving pig confinement and selective treatment of pigs with
oxfendazole. Mass drug administration with praziquantel targeting schistosomiasis, with an expected effect on T.
solium, was also provided to school–age children in the area. This study aimed at providing an update on
prevalence and intensities of porcine cysticercosis; and assessing farmers’ knowledge, attitudes and practices which
could be associated to disease transmission in the area. The study involved a questionnaire survey conducted using
face–to–face household interviews with 890 consenting farmers; and carcass dissections performed on 282 pigs
randomly selected from the surveyed households.

Results: Twenty–six pigs (9.2%) were infected with T. solium; of which two–thirds (65.4%) had light to moderate
infection intensities (1–1000 cysticerci), and one–third (34.6%) had heavy intensities (> 1000 cysticerci). Questionnaire
results showed that only 5.7% of the respondents perceived T. solium cysticercosis to be an important disease in pigs.
About 18.5% of the respondents were aware of T. solium taeniasis, but 32% of them were unaware of how the
infection is acquired. Half of the respondents had seen cysticerci in pork, of whom 61% were not aware that
consumption of infected pork could cause taeniasis. Latrines were observed to often (90%) lack doors with 45%
considered accessible to pigs.

Conclusions: This study provided an evidence that the disease was still endemic in the area. Poor knowledge of
farmers, attitudes, and risky practices responsible for disease perpetuation were also revealed. A One Health approach
targeting the whole area incorporating improvement of farmer knowledge regarding disease transmission needs to be
trialed as a feasible approach to control.
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Background
Taeniasis and cysticercosis caused by a zoonotic tape-
worm Taenia solium are diseases responsible for major
public health and economic burdens in endemic coun-
tries, including Tanzania. The life cycle of the parasite
involves pigs and humans as intermediate and final hosts
respectively, causing porcine cysticercosis (PC) in pigs
and taeniasis in humans. Transmission occurs when pigs
have direct or indirect access to human stool containing
T. solium eggs and humans consume raw or poorly
cooked pork infected with cysticerci. Accidental inges-
tion of the T. solium eggs by humans leads to human
cysticercosis and when cysticerci lodge into the brain
they cause neurocysticercosis (NCC), a potentially fatal
form of the disease. T. solium taeniasis and cysticercosis
are endemic in many countries of sub–Saharan Africa
(SSA) [1], Asia [2] and Latin America [3].
In Tanzania, the disease in pigs was first reported in

1995 in the northern part of the country [4, 5]. The first
survey in Mbeya Rural and Mbozi districts, in the south-
ern highlands was conducted in 2007/2008 and reported
a PC prevalence in pigs of up to about 11.7% based on
lingual examination, and 32% based on B158/B60 anti-
gen detecting enzyme–linked immunosorbent assay
(Ag–ELISA) [6]. A further survey in the two districts in
2010/2011 reported a PC sero–prevalence of 25.5% [7].
In humans, prevalence of taeniasis of up to 5.2% based

on copro–antigen ELISA, and cysticercosis prevalence of
up to 16% based on Ag–ELISA or IgG Western Blot have
been reported [8]. The major risk factors for T. solium tae-
niasis/cysticercosis in the area have been reported to be
poor general knowledge on the disease and its transmis-
sion, free roaming pigs, lack/poor use of latrines, poor hy-
giene and use of unsafe water sources [6, 8, 9].
Due to its public health importance, T. solium was

ranked highest on the global scale of food–borne para-
sites and was identified as a major cause of deaths from
food–borne diseases [10, 11]. In SSA, it is estimated that
about 6.2 million people suffer from NCC and about
30% of epileptic cases are due to NCC [12, 13]. Trevisan
et al. [14] estimated that in Tanzania, approximately 5
million USD (95% Uncertainty Interval [UI], 797,535–16,
933,477) were spent in 2012 due to NCC–associated epi-
lepsy and additionally 3 million USD (95% UI, 1095,
960–5,366,038) were potentially lost due to PC.
Worldwide, there is an increased advocacy for control-

ling the disease. In Tanzania, T. solium taeniasis/cysti-
cercosis was included on a list of the country’s research
priorities for a period of 2015 to 2020 [15]. A number of
intervention strategies have been trialed and imple-
mented with varied short–term effects. An integrated
approach involving improved pig housing (confinement),
improved feeding and selective/strategic treatment of
pigs with oxfendazole did not significantly reduce

prevalence of PC when assessed seven and 14months
post–intervention [16]. In addition, mass drug adminis-
tration (MDA) with praziquantel (at 40 mg/kg) to specif-
ically target schistosomiasis has been provided to school
children in the area since 2012, biennially in Mbeya
Rural district and annually in Mbozi district. Praziquan-
tel is also efficacious against T. solium, even at a lower
dose of 5–10mg/kg [17]. Assessment of the MDA
suggested that three rounds of annual MDA could re-
duce prevalence of T. solium in pigs and humans hence
a potential cost–effective option for control [18].
Sensitization of the farmers about the parasite’s trans-
mission and importance has been provided to the com-
munity in the area since 2006.
This study aimed at estimating the current prevalence

and infection intensities of PC in pigs in the two districts
of Mbeya Rural and Mbozi. Further, the study sought to
assess pig farmers’ knowledge, attitudes and practices,
which may influence transmission and perpetuation of
the disease in the area.

Results
General description of pig management practices
The 890 surveyed households/pig farmers had a total of
3094 pigs (supplementary file 1). Most of the pigs
(80.7%) were crossbreeds of indigenous breeds and
exotic pigs mainly Landrace and Large white. The ma-
jority (80.4%) of the respondents kept one to five pigs
with a median of two pigs and a range of one to 37 pigs.
Maize bran was the most common feed for pigs (men-
tioned by 83.9% of respondents), followed by food
waste/kitchen leftovers (mentioned by 47.5% of respon-
dents). In some cases, the maize bran was mixed with
protein/mineral supplements, most commonly sunflower
seed cake. Commonly, farmers used either maize bran or
food waste, depending on availability. Rivers and wells
were the main sources of drinking water for pigs as they
contributed about 60% of water provided to pigs. Other
sources included boreholes, rainwater, and communal
piped water outlets.
Most (98.4%) farmers kept pigs for the purpose of sell-

ing them to cater for their financial needs. Weaner/
grower pigs were usually sold to other farmers for breed-
ing or finishing purposes. In most cases (99.7%), farmers
sourced replacement pigs from within their villages.
Slaughter pigs were being sold to local butchers; or to
pig traders who then transported the pigs to urban areas
including the country’s major city, Dar es Salaam, about
900 km from the study areas.

Farmers’ knowledge, attitudes, and practices related to T.
solium transmission
At the time of the visit, 59.2% (524/885) of the house-
holds confined their pigs in pens, 19.7% let their pigs to
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roam and 9.8% tethered their pigs. The rest practiced
different combinations of the above including penning
or tethering pigs for part of the day. According to our
observations, confining pigs in pens was more practiced
in Mbeya Rural district (81.8%, 296/362) than in Mbozi
district (43.6%, 228/523) which also meant that free
range pig management was more practiced in Mbozi dis-
trict (26.2%, 137/523) than in Mbeya Rural district
(10.5%, 38/362). The differences were statistically signifi-
cant (χ2 = 99.2 and 45.5 respectively; p = 0.000 for both).
Overall, 5.7% (50/878) of the respondents mentioned

T. solium cysticercosis to be among important diseases
affecting their pigs. More respondents in Mbeya Rural
district (9.5%, 34/359) than in Mbozi district (3.1%, 16/
519) mentioned cysticercosis as an important pig disease
(χ2 = 16.1, p = 0.002). About 18.5% (163/880) of respon-
dents were aware of the taeniasis infection in humans,
out of whom about one–third (32%) did not know how
the infection was acquired. About half (53.4%) of the re-
spondents who knew taeniasis associated it with con-
sumption of raw/undercooked pork. The remainder
mentioned other sources of infection such as drinking
unclean water/raw milk and eating raw/undercooked
beef and unwashed vegetables/fruits. A significantly
higher proportion of respondents in Mbozi district
(24.1%, 125/518) were aware of the tapeworm infection
in humans than in Mbeya Rural district (10.5%, 38/362)
(χ2 = 26.2, p = 0.003).
About half of the respondents (48.9%, 430/879) had seen

cysticerci in pork; of whom 61.2% were not aware that
consumption of the meat could cause disease in people.
More respondents in Mbozi district (61%, 317/520) had
seen cysticerci–infected pork as compared to respondents
in Mbeya Rural district (31.5%, 113/359) (χ2 = 73.8, p =
0.000). About 58% of the respondents knew people in
their localities who had epilepsy and/or other clinical
manifestations associated with NCC and the proportion
was higher in Mbozi district (73.4%) than in Mbeya Rural
district (36.3%) (χ2 = 120.1, p = 0.000).
Most (86.7%, 743/857) respondents reported that they and

their families consumed pork. However, home slaughter of
pigs was rare, practiced only by 2% of the respondents. The
majority (98%) of the respondents mentioned that they
sourced pork from local butcheries/pork outlets situated
around community gathering areas where villagers also
bought other household needs. In most cases, pork was pre-
pared and consumed on the spot in and around local bars.
In a few instances, prepared pork was bought and taken
home to be consumed by other family members. Sometimes,
unprepared pork was bought to be prepared and consumed
at home. Frying was the commonest method of preparing
pork mentioned by 43.7% (376/860) of respondents, followed
by a combination of boiling and frying (38.6%, 332/860) in
which case pork was boiled first before being fried.

Most pig keeping households (95.4%, 840/881) had la-
trines and the respondents mentioned that the latrines
were always (99.1%) used by all household members.
More households in Mbozi district (99%, 516/521) had la-
trines compared to households in Mbeya Rural district
(90%, 324/360) (χ2 = 39.2, p = 0.001). However, it was ob-
served that most latrines (> 90%) had no doors or had
doors which were left open when the latrines were not in
use. As a result, it was determined that nearly half (45%)
of the latrines in both districts could be accessible to pigs.
Pig access to latrines was observed to be more probable in
Mbozi district (61.7%, 317/514) than in Mbeya Rural
district (19.2%, 63/329) (χ2 = 146.5, p = 0.000). Also, it was
observed that only a few households had hand washing fa-
cilities by their latrines suggesting that washing hands
after latrine use was not a common practice. Further, ma-
jority of the respondents (78.5%) did not wash their hands
before feeding the pigs. Rather, more farmers (77.4%)
washed their hands after feeding pigs.

Pig necropsy
In total, 282 pigs were slaughtered and their carcasses
dissected and examined. T. solium cysticerci were found
in 26 pigs (9.2, 95% Confidence Interval [CI]: 6.1, 13.2).
Mbozi district had higher prevalence (22/154, 14.3, 95%
CI: 9.2, 20.8) than Mbeya Rural district (4/128, 3.1, 95%
CI: 0.9, 7.8). The difference in prevalence between the
two districts was statistically significant (p = 0.001, z =
3.23). Total number of cysticerci and distribution in the
organs/muscle groups are shown in Table 1. Out of the
26 pigs with T. solium cysticerci, two had both viable
and non–viable cysticerci and the rest had viable cysti-
cerci only. Non–viable cysticerci accounted for less than
1 % of all cysticerci. Total numbers of cysticerci ranged
from two to 38,730. About two–thirds (65.4%) of the in-
fected pigs had light to moderate infection intensities
and one–third (34.6%) had heavy intensities.
Relative distribution, mean numbers and maximum

counts of T. solium cysticerci in different organs and
muscle groups among infected pigs are shown in Table 2.
Apart from the musculature of the forelimb and the
remaining half carcass, the heart was found to be the
most frequently infected organ (76.9% of infected pigs)
followed by the tongue. The brain was the least fre-
quently infected organ, as cysticerci in brain were found
in 54% of the infected pigs.

Discussion
The results presented in this study show that T. solium
cysticercosis of pigs was persistent in Mbeya Rural and
Mbozi districts and that farmers’ knowledge about its
importance and transmission was poor. This study also
revealed specific attitudes and risk practices among
farmers, which probably contributed to perpetuation of
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Table 1 Numbers of Taenia solium cysticerci in 26 infected pigs out of 282 slaughtered pigs in Mbeya Rural and Mbozi districts,
Tanzania

Animal
number

Total count of
cysticerci

% viable
cysticerci

Brain Tongue Masticatory
muscles

Heart Diaphragm Forelimb Remaining half
carcass

5 116 100 1 1 6 10 10 36 52

19 2 100 0 0 0 0 0 2 0

21 97 94.8 2 1 2 5 3 26 58

25 10 80 0 1 0 1 0 0 8

31 12 100 1 0 0 0 1 2 8

44 2935 100 8 57 41 141 42 576 2070

130 2 100 0 0 0 0 0 0 2

149 3228 100 12 329 369 69 515 430 1504

150 19,603 100 148 1846 851 20 0 1980 14,758

157 4322 100 1 167 245 138 113 1174 2484

162 437 100 2 16 62 35 2 222 98

169 2162 100 17 94 112 48 17 1076 798

170 6 100 0 0 1 3 0 0 2

184 42 100 0 4 0 8 0 18 12

188 84 100 3 3 6 1 3 32 36

192 1114 100 2 96 143 167 2 430 274

194 3113 100 9 201 118 346 213 810 1416

195 246 100 0 13 14 8 5 94 112

200 26 100 0 0 0 0 0 6 20

202 4 100 0 0 0 0 0 0 4

210 5145 100 24 241 247 366 313 1968 1986

218 6 100 0 0 0 6 0 0 0

222 38,730 100 433 2750 6800 336 635 17,928 9848

224 110 97.3 0 8 3 3 2 34 60

226 4 100 0 0 0 4 0 0 0

236 2 100 0 2 0 0 0 0 0

Table 2 Relative distribution, mean number and maximum counts of cysticerci in organs and muscle groups of 26 pigs infected
with Taenia solium cysticerci in Mbeya Rural and Mbozi districts, Tanzania

Organ/muscle group Relative distribution of cysticerci Mean
number
of
cysticerci

Std.
Dev.b

Max.c

Numbera %

Brain 14 53.8 25.5 88.0 433

Tongue 18 69.2 224.2 629.9 2750

Masticatory muscles 16 61.5 349.9 1328.8 6800

Heart 20 76.9 66.0 114.8 366

Diaphragm 15 57.7 72.2 166.3 635

Forelimb 19 73.1 1032.5 3495.4 17,928

Remaining half carcass 22 84.6 1369.6 3378.9 14,758
aNumber of infected pigs
bStd. Dev–Standard Deviation
cMax.–Maximum recorded number of cysticerci per organ/muscle group
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the disease in the area. Hence, PC still presents a public
health threat in this important pig producing area in
Tanzania. This calls for a long–term One Health ap-
proach addressing pigs and humans in the whole area.
To our knowledge, this is the first study in Tanzania

reporting prevalence of T. solium cysticercosis in pigs
based on carcass dissection, the most definitive measure
of PC prevalence and intensity [19]. Only two previous
studies in Tanzania used carcass dissection to determine
T. solium cysticercosis in pigs but none of them aimed
to determine prevalence. The studies examined relatively
small sample sizes and pigs were pre–selected by tongue
palpation. A study by Boa et al. [20] determined distri-
bution and density of cysticerci in 24 finished naturally
infected pigs while Mkupasi et al. [21] used 61 naturally
infected pigs to evaluate efficacy and safety of ivermectin
and oxfendazole against cysticercosis and other parasito-
ses. As tongue palpation is known to have low sensitivity
and usually fails to identify light infections [22, 23], the
pigs slaughtered in the two studies were not really repre-
senting pig populations in the respective areas.
Necropsy results presented in this study suggest that

the intensity of infection was aggregated; such that the
majority of the cysticerci were harbored by a minority of
pigs. Only one–third of the infected pigs had heavy in-
fection intensities. Among other factors, intensity of
cysticerci in an infected pig is related to an infection
dose and heavy intensities are usually associated with
direct ingestion of proglottids released by a tapeworm
carrier [24]. This happens in areas where pigs are freely
roaming and people practice outdoor defecation, or
where defaecation is practiced within the pig confine-
ment area as it has been reported in Cameroon [25].
However, the observed cysticerci aggregation points to
the role of transmission modes other than direct inges-
tion of human stool. It was previously reported in the
study area that pig confinement did not prevent pigs
from being infected with T. solium and that transmission
might occur through contaminated feeds and water pro-
vided to pigs [6, 9, 26]. Such infections are likely to be in
lower doses of cysticerci resulting to light/moderate in-
fection intensities. These infections are of a particular
public health importance. Studies have shown that light/
moderate infections are likely to be missed by tongue
palpation and routine meat inspection and may conse-
quently enter the food chain [20, 25, 27]. Studies are
therefore warranted to determine the extent to which
such carcasses may not be detected at official slaughter
slabs in the study area and enter the food chain. Because
of the cost and logistical limitations of the full carcass
dissection, selected (partial) tissue dissection may be
useful, as suggested by Lightowlers et al. [19]. In the
present study, 22 out of the 26 infected pigs (84.6%)
could be detected by dissecting only the tongue, the

heart, and either the masticatory muscles or the dia-
phragm. This level of sensitivity is comparable with that
reported in the study by Lightowlers et al. [19] where 31
of 38 (81%) of infected pigs were identified by only dis-
secting the tongue, masticatory muscles and the heart.
The reported low level of farmers’ knowledge on the

disease transmission and its importance, presumably
contributes to the reported attitudes and risk practices
resulting in disease endemicity. This can be explained
by, among other things, the fact that no specific educa-
tion program has been provided for control of T. solium
cysticercosis in the area. As a result, knowledge of the
communities regarding the disease importance and
transmission remained poor. Proper knowledge of pig
farmers and communities in general on T. solium taenia-
sis/cysticercosis has been found to influence proper
practices and is therefore crucial for control of the dis-
ease complex [28–31]. Specific health education tools
against T. solium might therefore be useful, as studies
with professionals have shown that knowledge can per-
sist for a prolonged period following a health education
program [32, 33]. Although the overall knowledge on T.
solium was low, more farmers in Mbeya Rural district
regarded the disease to be important. This can be as-
sumed to be one of the reasons why more farmers con-
fined their pigs in Mbeya Rural district than in Mbozi
district. However, improvement in knowledge may not
necessarily translate to significant changes in behaviors
and practices [28, 29]. In that respect, emphasis should
be put on influencing behaviors and practices change
through demonstrating the health benefits and economic
gains which would be expected as a result of the change
[34]. This should be an important component of any
health education program.
This study is reporting high levels of latrine coverage

and use in the area, but with persistent transmission of
PC. Earlier studies in Tanzania associated absence of la-
trines with occurrence of T. solium infections [6, 9].
However, other studies showed no difference in preva-
lence between households having and those lacking la-
trines [6, 35, 36]. Apart from the fact that the reported
high level of use of the latrines could not be proved,
open latrines present a risk for transmission. Therefore,
although it is important for the communities to have
and use latrines, presence of open latrines is probably
counterproductive, as it was also showed by Braae et al.
[9]. This is more important in areas where pigs roam
freely as the chances of pigs having access to the latrines
are increased. In this study, more pigs could access the
latrines in Mbozi district than in Mbeya Rural district,
which points to the ease of which transmission occurs
from human to pigs being different in the two districts.
Hence, the communities should be educated on the im-
portance of not only having latrines, but also proper use
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of the latrines, such as ensuring that latrines have prop-
erly closing doors, and latrine doors remain closed. In
addition, local by–laws governing use of latrines and
prohibiting pig free roaming should be formulated
(where not in place) and enforced.
As it has been shown in this study, lack of hand

washing before feeding pigs and more importantly
after latrine use was common and is probably a
disease risk factor. It is therefore important to
emphasize washing hands with soap after latrine use,
before eating and before feeding pigs. However,
sources of water that were used in the communities
might reduce the usefulness of washing hands with
water as, water of such sources may carry disease
pathogens such as Taenia eggs from the contami-
nated environment [37, 38]. The extent to which the
environment in the study area is contaminated with
Taenia eggs is not yet reported, but earlier studies
have associated use of the water with higher sero–
prevalence in pigs [6] and in humans [8]. The infor-
mation on the role of the environment is needed to
fully elucidate transmission dynamics of T. solium in
the study area. More importantly, a One Health ap-
proach is needed for control of T. solium, whereby
veterinary and medical professionals work together to
address both hosts, pigs and humans; and the
environment.
Limitations of this study included the fact that muscu-

lature of only half of the carcasses were dissected. Stud-
ies in Zambia and Nepal reported that half carcass
dissection can miss 16 and 25% of positive cases, re-
spectively [25, 39]. Therefore, it may be assumed that
some of lightly infected cases might have been missed.
In addition, as weights of different organs/muscle groups
were not measured, information on the cyst density
which would provide more accurate information on cyst
predilection and distribution is lacking. Further, infected
pigs could not be traced back to the level of their origin-
ating households hence differences in risk and protective
factors between households with and without infected
pigs could not be quantified.

Conclusions
In conclusion, this study showed that T. solium cysticer-
cosis in pigs was still prevalent in this important pig pro-
duction area in Tanzania. This study also revealed that
farmers‘knowledge on the disease was poor and this
could be associated with the risky practices and attitudes
which were observed. This calls for more interventions
to safeguard health of the communities. Due to zoonotic
nature of the T. solium, obtaining control and eventually
elimination of the disease seems more feasible and sus-
tainable through a One Health approach targeting both
porcine and human hosts, and the environment.

Methods
Description of the study area
This study was conducted in Mbeya Rural and Mbozi
districts of Mbeya and Songwe regions, respectively, in
the southern highlands of Tanzania. Earlier studies have
reported the disease to be endemic in the two districts
[40]. Mbeya Rural district was comprised of 30 wards
and 172 villages while Mbozi district consisted of 29
wards and 123 villages. In the 2012 census, the human
population was recorded to be 305,319 in Mbeya Rural
district and 446,339 in Mbozi district [41]. Both districts
are largely rural with crop production and livestock
keeping as the main economic activities. About 36.8 and
55.5% of households engage in livestock keeping in
Mbeya Rural district and Mbozi district, respectively. Pig
production is predominantly on a small scale and in
2016 pig population was estimated to be 16,935 in
Mbeya Rural district and 26,930 in Mbozi district (Un-
official data, District Livestock Offices).

Study design
This was a cross–sectional study involving a question-
naire survey and pig necropsies which were conducted
between October and December 2016. The study was
conducted as a baseline survey for an intervention trial
which aimed at evaluating effectiveness of TSOL18 vac-
cination and oxfendazole treatment in pigs in reducing
prevalence of T. solium cysticercosis of pigs in the two
districts. Selection of villages was based on pig numbers,
accessibility, previous studies and reports on the occur-
rence of T. solium cysticercosis in pigs. As much as it
was possible, selection excluded villages which had been
included in previous interventions [7, 16, 18]. Based on
the mentioned inclusion and exclusion criteria, 16 vil-
lages, eight in each district, were selected for the study.
In each village, pig farmers/pig keeping households were
identified and listed with the help of village leaders and
agricultural/livestock extension officers. All listed pig
keeping households were visited and after the study ob-
jectives were explained pig farmers who were willing to
participate were enrolled for the study. A total of 890
households were included in the study, and these consti-
tuted at least 90% of pig keeping households in the se-
lected villages. In each household, a person who owned
the pigs was interviewed, and in most cases this was the
household head.
Slaughter pigs were purchased from households se-

lected by using computer–generated random numbers
from among the surveyed households. In each selected
household, one eligible pig was bought for slaughter. An
eligible pig was at least 6 months of age, non–pregnant
and apparently healthy. In most cases a household had
one pig that was eligible. In cases where there was more
than one eligible pig, the farmer was requested to pick
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one pig he/she was willing to sell. A total of 282 pigs
were purchased for slaughter.

Household survey
Household data were collected by using a structured
questionnaire (supplementary file 1), which was filled
during door–to–door, face–to–face interviews. The
questionnaire was in English but the interviews were
conducted in Swahili (the national language) by trained
extension officers, who were conversant in both English
and Swahili. The questionnaire was pre–tested among
enumerators first and then on pig keepers in a nearby
village (not selected for the study) before it was adminis-
tered to study respondents. Household particulars in-
cluding family name and Global Positioning System
(GPS) coordinates were recorded. Information gathered
included pig management practices and farmers’ know-
ledge, attitudes and practices that might influence trans-
mission of T. solium in the area. Observations were
made to confirm interviewee responses particularly on
pig confinement, presence of latrines; and to determine
possible access of pigs to the latrines and presence of
hand washing facilities adjacent to latrines.

Pig slaughter and carcass dissection procedures
Slaughter pigs were bought from owners and were trans-
ported to a holding facility at Tanzania Livestock Re-
search Institute (TALIRI), Uyole centre, Mbeya. They
were then taken to a nearby public slaughter facility
where they were slaughtered and processed as per the
slaughter facility’s procedures. The heart and diaphragm
were separated and transferred into labeled containers,
and they were, together with the carcasses, transported
to a post mortem facility at TALIRI–Uyole. At the facil-
ity, the tongue, brain, and masticatory muscles were ex-
tracted and labeled.
The carcasses were longitudinally partitioned into two

halves. The muscles from the right half of the carcass
were excised from bones, with muscles of the forelimb
separated from muscles of the remaining half carcass.
All muscles and inner organs were dissected with sagittal
fine cuts of maximum 0.5 cm in thickness. The cut sur-
faces were macroscopically examined for presence, via-
bility and number of T. solium cysticerci. A cysticercus
was recorded as viable if it appeared translucent with a
visible scolex in transparent fluid. A non–viable cysticer-
cus appeared smaller, non–translucent, filled with dense
whitish to yellowish fluid, or containing fibrous or case-
ous (calcified) material [42]. In case of an obvious heavy
infection, for musculature in excess of one kg, a repre-
sentative sample weighing one kg was sliced and cysti-
cerci counted as above, and number of cysticerci for the
remaining muscle mass was estimated based on its
weight. Total cysticerci count for a pig was estimated as

double the number for half carcass musculature plus
numbers for the brain, tongue, masticatory muscles, dia-
phragm and the heart. For the purpose of this paper, a
pig was considered infected if it had one or more viable
cysticerci or more than one non–viable cysticercus in
examined muscles/organs. Intensity of infection was cat-
egorized as light to moderate if total cysticerci count
was between one and 1000 and heavy if it was more than
1000.

Data analysis
Data was transcribed into Excel spreadsheets and imported
into STATA© Version 12 for analysis. Descriptive analyses
were used for determining frequencies and proportions,
mean numbers of cysticerci (with standard deviations), max-
imum counts and ranges cysticerci numbers. Relative distri-
bution of cysticerci for each organ or muscle group was
determined as the number and proportion of infected pigs
which had cysticerci in that organ/muscle group.
Prevalence results were compared between districts by

using the two–group binomial test. Frequencies and pro-
portion of questionnaire responses within the categories
of questions and between districts were analysed by
cross–tabulations and relevant associations were tested
using a Chi–square (χ2) test for independence.
For all comparisons, a two–sided p–value < 0.05 was

considered statistically significant and confidence inter-
vals were computed at a 95% level of significance.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12917-020-02543-9.

Additional file 1. A site questionnaire administered to selected pig
farmers in the study area. The questionnaire had 29 questions divided
into three sections namely; household particulars pertaining to porcine
cysticercosis, pig management and care, and knowledge of taeniosis and
cysticercosis.

Abbreviations
PC: Porcine cysticercosis; NCC: Neurocysticercosis; SSA: Sub–Saharan Africa;
Ag–ELISA: Antigen detecting enzyme–linked immunosorbent assay;
UI: Uncertainty Interval; MDA: Mass Drug Administration; GPS: Global
Positioning System; TALIRI: Tanzania Livestock Research Institute;
CVMBS: College of Veterinary Medicine and Biomedical Sciences;
DVS: Director of Veterinary Services; CI: Confidence Interval

Acknowledgements
The authors acknowledge the administrative support of District Veterinary/
Livestock extension officers of Mbeya Rural and Mbozi districts. Participation
and cooperation of all farmers in both districts is highly appreciated. We are
also grateful to Prof. Marshall W. Lightowlers of University of Melbourne for
training the post mortem team and to Mr. Gryson Mutabazi of TALIRI–Uyole
for supervising the necropsies. The work of the extension officers involved in
the questionnaire survey and the post mortem work is also highly
appreciated, not forgetting the co–operation of workers at Nsalaga slaughter
slab.

Kabululu et al. BMC Veterinary Research          (2020) 16:325 Page 7 of 9

https://doi.org/10.1186/s12917-020-02543-9
https://doi.org/10.1186/s12917-020-02543-9


Authors’ contributions
MK, MJ, UB, HN, JM, EM, AC and CC were involved in the conception of the
study, its design and implementation. MK, CT, CC and AC were responsible
for data collection and curation. MK wrote the original draft of the
manuscript. All authors critically reviewed and commented on the
manuscript. All authors read and approved the final version of the
manuscript.

Funding
This publication is based on research funded in part by the Bill & Melinda
Gates Foundation and the United Kingdom Government through GALVmed.
The findings and conclusions contained within are those of the authors and
do not necessarily reflect positions or policies of the Bill & Melinda Gates
Foundation nor the UK Government. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author, Mwemezi Kabululu, E mail:
mwemezie@gmail.com on a reasonable request.

Ethics approval and consent to participate
The study protocol was approved by Research, Publications and Ethics
committee of the College of Veterinary Medicine and Biomedical Sciences
(CVMBS) of Sokoine University of Agriculture, in Tanzania (Reference number:
SUA/CVMS/016/32). Permission to conduct the study was secured from the
Director of Veterinary Services (DVS), of the Ministry of Livestock and
Fisheries, in Tanzania. Further, permission was sought from authorities in the
study districts and villages. Farmers gave a written consent to participate in
the study after the study objectives, benefits and risks were explained to
them. Considering that in some cases farmers would feel uncomfortable to
provide signatures/thumbprints even when they were willing to participate;
and in cases where a farmer could not read/write the ethics committee of
the CVMBS authorized the use of a verbal consent The verbal consent was
provided in the presence of a witness who provided a signature for that
matter. All regulatory requirements including applicable animal welfare
regulations were strictly complied with and adhered to section 40 of the
Tanzania’s Animal Welfare Act of 2008.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Tanzania Livestock Research Institute (TALIRI) – Uyole, Mbeya, Tanzania.
2Department of Veterinary Medicine and Public Health, College of Veterinary
Medicine and Biomedical Sciences, Sokoine University of Agriculture,
Morogoro, Tanzania. 3Department of Infectious Disease Epidemiology,
Statens Serum Institut, Copenhagen, Denmark. 4One Health Center for
Zoonoses and Tropical Veterinary Medicine, Ross University School of
Veterinary Medicine, Basseterre, Saint Kitts and Nevis. 5Department of
Biomedical Sciences, Institute of Tropical Medicine, Antwerp, Belgium.
6Global Alliance for Livestock Veterinary Medicines (GALVmed), Nairobi,
Kenya. 7Global Alliance for Livestock Veterinary Medicines (GALVmed),
Bloemfontein, Free State, South Africa. 8Department of Veterinary and Animal
Sciences, Faculty of Health and Medical Sciences, University of Copenhagen,
Frederiksberg, Denmark.

Received: 24 March 2020 Accepted: 25 August 2020

References
1. Braae U, Saarnak C, Mukaratirwa S, Devleesschauwer B, Magnussen P,

Johansen M. Taenia solium taeniosis/cysticercosis and the co-distribution
with schistosomiasis in Africa. Parasit Vectors. 2015;8:323. https://doi.org/10.
1186/s13071-015-0938-7.

2. Braae UC, Hung NM, Satrija F, Khieu V, Zhou X-N, Willingham AL. Porcine
cysticercosis (Taenia solium and Taenia asiatica): mapping occurrence and

areas potentially at risk in east and Southeast Asia. Parasit Vectors. 2018;11.
https://doi.org/10.1186/s13071-018-3203-z.

3. Braae UC, Devleesschauwer B, Sithole F, Wang Z, Willingham AL. Mapping
occurrence of Taenia solium taeniosis/cysticercosis and areas at risk of
porcine cysticercosis in Central America and the Caribbean basin. Parasit
Vectors. 2017;10. https://doi.org/10.1186/s13071-017-2362-7.

4. Boa ME, Bøgh HO, Kassuku AA, Nansen P. The prevalence of Taenia solium
metacestodes in pigs in northern Tanzania. J Helminthol. 1995;69:113.
https://doi.org/10.1017/S0022149X00013997.

5. Nsengwa GRM, Mbise AN. Porcine cysticercosis in Tanzania: preliminary
findings. Bull Animal Health Production Africa. 1995;43:161–2.

6. Komba EVG, Kimbi EC, Ngowi HA, Kimera SI, Mlangwa JE, Lekule FP, et al.
Prevalence of porcine cysticercosis and associated risk factors in smallholder
pig production systems in Mbeya region, southern highlands of Tanzania.
Vet Parasitol. 2013;198:284–91. https://doi.org/10.1016/j.vetpar.2013.09.020.

7. Lipendele CP, Lekule FP, Mushi DE, Ngowi H, Kimbi EC, Mejer H, et al.
Productivity and parasitic infections of pigs kept under different
management systems by smallholder farmers in Mbeya and Mbozi districts,
Tanzania. Trop Anim Health Prod. 2015;47:1121–30. https://doi.org/10.1007/
s11250-015-0836-1.

8. Mwanjali G, Kihamia C, Kakoko DVC, Lekule F, Ngowi H, Johansen MV, et al.
Prevalence and risk factors associated with human Taenia solium infections
in Mbozi District, Mbeya region, Tanzania. PLoS Neglected Tropical Dis.
2013;7:e2102. https://doi.org/10.1371/journal.pntd.0002102.

9. Braae UC, Harrison W, Lekule F, Magnussen P, Johansen MV. Feedstuff and
poor latrines may put pigs at risk of cysticercosis — a case-control study.
Vet Parasitol. 2015;214:187–91. https://doi.org/10.1016/j.vetpar.2015.08.009.

10. World Health Organization. Preventable epilepsy: Taenia solium infection
burdens economies, societies and individuals: a rationale for investment
and action. 2016. Available: http://apps.who.int/iris/bitstream/10665/204
716/1/9789241549486_eng.pdf.

11. Murrell KD, Dorny P, Flisser A, Geerts S, Kyvsgaard NC, McManus DP, et al.
FAO/WHO/OIE Guidelines for the Surveillance, Prevention and Control of
Taeniosis/cysticercosis. World Organization for Animal Health Paris; 2005.

12. Winkler AS. Neurocysticercosis in sub-Saharan Africa: a review of prevalence,
clinical characteristics, diagnosis, and management. Pathogens Global
Health. 2012;106:261–74. https://doi.org/10.1179/2047773212Y.0000000047.

13. Ndimubanzi PC, Carabin H, Budke CM, Nguyen H, Qian Y-J, Rainwater E,
et al. A Systematic Review of the Frequency of Neurocyticercosis with a
Focus on People with Epilepsy. Preux P-M, editor. PLoS Neglected Tropical
Dis. 2010;4:e870. https://doi.org/10.1371/journal.pntd.0000870.

14. Trevisan C, Devleesschauwer B, Schmidt V, Winkler AS, Harrison W, Johansen
MV. The societal cost of Taenia solium cysticercosis in Tanzania. Acta Tropica.
2016 [cited 19 Apr 2016]. https://doi.org/10.1016/j.actatropica.2015.12.021.

15. COSTECH. Research Priorities for Tanzania 2015–2020. Tanzania Commission
for Science and Technology; 2016. p. 33. Available: http://www.costech.or.tz/
wp-content/uploads/2016/09/TANZANIA-RESEARCH-PRIORITIES-2015-2020.
compressed.pdf.

16. Kabululu ML, Ngowi HA, Kimera SI, Lekule FP, Kimbi EC, Johansen MV.
Effectiveness of an integrated intervention in the control of endo- and
ectoparasites of pigs kept by smallholder farmers in Mbeya rural and Mbozi
districts, Tanzania. Vet Parasitol. 2018;13:64–73. https://doi.org/10.1016/j.
vprsr.2018.03.009.

17. Pawlowski ZS. Efficacy of low doses of praziquantel in taeniasis. Acta Tropica.
1990;48: 83–88. doi:org/https://doi.org/10.1016/0001-706X(90)90046-3.

18. Braae UC, Magnussen P, Harrison W, Ndawi B, Lekule F, Johansen MV. Effect of
National Schistosomiasis Control Programme on Taenia solium taeniosis and
porcine cysticercosis in rural communities of Tanzania. Parasite Epidemiol
Control. 2016;1:245–51. https://doi.org/10.1016/j.parepi.2016.08.004.

19. Lightowlers MW, Assana E, Jayashi CM, Gauci CG, Donadeu M. Sensitivity of
partial carcass dissection for assessment of porcine cysticercosis at necropsy.
Int J Parasitol. 2015;45:815–8. https://doi.org/10.1016/j.ijpara.2015.08.004.

20. Boa ME, Kassuku AA, Willingham AL, Keyyu JD, Phiri IK, Nansen P.
Distribution and density of cysticerci of Taenia solium by muscle groups
and organs in naturally infected local finished pigs in Tanzania. Vet Parasitol.
2002;106:155–64 Available: http://www.sciencedirect.com/science/article/pii/
S0304401702000377.

21. Mkupasi EM, Ngowi HA, Sikasunge CS, Leifsson PS, Johansen MV. Efficacy of
ivermectin and oxfendazole against Taenia solium cysticercosis and other
parasitoses in naturally infected pigs. Acta Trop. 2013;128:48–53. https://doi.
org/10.1016/j.actatropica.2013.06.010.

Kabululu et al. BMC Veterinary Research          (2020) 16:325 Page 8 of 9

mailto:mwemezie@gmail.com
https://doi.org/10.1186/s13071-015-0938-7
https://doi.org/10.1186/s13071-015-0938-7
https://doi.org/10.1186/s13071-018-3203-z
https://doi.org/10.1186/s13071-017-2362-7
https://doi.org/10.1017/S0022149X00013997
https://doi.org/10.1016/j.vetpar.2013.09.020
https://doi.org/10.1007/s11250-015-0836-1
https://doi.org/10.1007/s11250-015-0836-1
https://doi.org/10.1371/journal.pntd.0002102
https://doi.org/10.1016/j.vetpar.2015.08.009
http://apps.who.int/iris/bitstream/10665/204716/1/9789241549486_eng.pdf
http://apps.who.int/iris/bitstream/10665/204716/1/9789241549486_eng.pdf
https://doi.org/10.1179/2047773212Y.0000000047
https://doi.org/10.1371/journal.pntd.0000870
https://doi.org/10.1016/j.actatropica.2015.12.021
http://www.costech.or.tz/wp-content/uploads/2016/09/TANZANIA-RESEARCH-PRIORITIES-2015-2020.compressed.pdf
http://www.costech.or.tz/wp-content/uploads/2016/09/TANZANIA-RESEARCH-PRIORITIES-2015-2020.compressed.pdf
http://www.costech.or.tz/wp-content/uploads/2016/09/TANZANIA-RESEARCH-PRIORITIES-2015-2020.compressed.pdf
https://doi.org/10.1016/j.vprsr.2018.03.009
https://doi.org/10.1016/j.vprsr.2018.03.009
https://doi.org/10.1016/0001-706X(90)90046-3
https://doi.org/10.1016/j.parepi.2016.08.004
https://doi.org/10.1016/j.ijpara.2015.08.004
http://www.sciencedirect.com/science/article/pii/S0304401702000377
http://www.sciencedirect.com/science/article/pii/S0304401702000377
https://doi.org/10.1016/j.actatropica.2013.06.010
https://doi.org/10.1016/j.actatropica.2013.06.010


22. Phiri IK, Dorny P, Gabriel S, Iii WAL, Sikasunge C, Siziya S, et al. Assessment
of routine inspection methods for porcine cysticercosis in Zambian village
pigs. J Helminthol. 2006;80:69–72. https://doi.org/10.1079/JOH2005314.

23. Gonzalez AE, Cama V, Gilman RH, Tsang VCW, Pilcher JB, Chavera A, et al.
Prevalence and comparison of serologic assays, necropsy, and tongue
examination for the diagnosis of porcine Cysticercosis in Peru. Am J Trop
Med Hygiene. 1990;43:194–9. https://doi.org/10.4269/ajtmh.1990.43.194.

24. Gavidia CM, Verastegui MR, Garcia HH, Lopez-Urbina T, Tsang VCW, Pan W,
et al. Relationship between Serum Antibodies and Taenia solium Larvae
Burden in Pigs Raised in Field Conditions. Flisser A, editor. PLoS Neglected
Trop Dis. 2013;7:e2192. https://doi.org/10.1371/journal.pntd.0002192.

25. Nguekam JP, Zoli AP, Zogo PO, Kamga ACT, Speybroeck N, Dorny P, et al. A
seroepidemiological study of human cysticercosis in West Cameroon.
Tropical Med Int Health. 2003;8:144–9.

26. Braae UC, Magnussen P, Lekule F, Harrison W, Johansen MV. Temporal
fluctuations in the sero-prevalence of Taenia solium cysticercosis in pigs in
Mbeya region, Tanzania. Parasites Vectors. 2014;7. https://doi.org/10.1186/
s13071-014-0574-7.

27. Dorny P, Phiri IK, Vercruysse J, Gabriel S, Willingham AL, Brandt J, et al. A
Bayesian approach for estimating values for prevalence and diagnostic test
characteristics of porcine cysticercosis. Int J Parasitol. 2004;34:569–76.
https://doi.org/10.1016/j.ijpara.2003.11.014.

28. Ngowi HA, Carabin H, Kassuku AA, Mlozi MRS, Mlangwa JED, Willingham AL.
A health-education intervention trial to reduce porcine cysticercosis in
Mbulu District, Tanzania. Preventive Vet Med. 2008;85:52–67. https://doi.org/
10.1016/j.prevetmed.2007.12.014.

29. Rajshekhar V, Joshi DD, Doanh NQ, De N, Xiaonong Z. Taenia solium
taeniosis/cysticercosis in Asia: epidemiology, impact and issues. Acta Trop.
2003;87:53–60.

30. Kungu JM, Dione MM, Ejobi F, Ocaido M, Grace D. Risk factors, perceptions
and practices associated with Taenia solium cysticercosis and its control in
the smallholder pig production systems in Uganda: a cross-sectional survey.
BMC Infect Dis. 2017;17. https://doi.org/10.1186/s12879-016-2122-x.

31. Mwidunda SA, Carabin H, Matuja WBM, Winkler AS, Ngowi HA. 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. Operario D, editor. PLOS
ONE. 2015;10:e0118541. https://doi.org/10.1371/journal.pone.0118541.

32. Ertel RL, Braae UC, Ngowi HA, Johansen MV. 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. 2017;165:240–5. https://doi.org/10.1016/j.actatropica.
2015.10.022.

33. Lauridsen S, Braae UC, Ngowi HA, Johansen MV. Impacts of using the
electronic-health education program ‘the vicious worm’ for prevention of
Taenia solium. Acta Trop. 2019;193:18–22. https://doi.org/10.1016/j.
actatropica.2019.02.018.

34. Gabriël S, Dorny P, Mwape KE, Trevisan C, Braae UC, Magnussen P, et al.
Control of Taenia solium taeniasis/cysticercosis: the best way forward for
sub-Saharan Africa? Acta Trop. 2017;165:252–60. https://doi.org/10.1016/j.
actatropica.2016.04.010.

35. Shonyela SM, Mkupasi EM, Sikalizyo SC, Kabemba EM, Ngowi HA, Phiri I. An
epidemiological survey of porcine cysticercosis in Nyasa District, Ruvuma
region, Tanzania. Parasite Epidemiol Control. 2017;2:35–41. https://doi.org/
10.1016/j.parepi.2017.09.002.

36. Kavishe MDB, Mkupasi EM, Ngowi HA. Prevalence and risk factors associated
with porcine cysticercosis transmission in Babati district, Tanzania. Livestock
Res Rural Dev. 2017;29(1):13.

37. Morris BL, Lawrence ARL, Chilton PJC, Adams B, Calow RC, Klinck BA.
Groundwater and its susceptibility to degradation : a global assessment of
the problem and options for management. United Nations environment
Programme; 2003. Available: http://www.unep.org/dewa/Portals/67/pdf/
Groundwater_INC_cover.pdf.

38. Gwimbi P. The microbial quality of drinking water in Manonyane
community: Maseru District (Lesotho). Afr Health Sci. 2011;11 Available:
https://www.ajol.info/index.php/ahs/article/view/73418.

39. Chembensofu M, Mwape KE, Van Damme I, Hobbs E, Phiri IK, Masuku M,
et al. Re-visiting the detection of porcine cysticercosis based on full carcass
dissections of naturally Taenia solium infected pigs. Parasit Vectors. 2017;10.
https://doi.org/10.1186/s13071-017-2520-y.

40. Ngowi HA, Winkler AS, Braae UC, Mdegela RH, Mkupasi EM, Kabululu ML,
et al. Taenia solium taeniosis and cysticercosis literature in Tanzania provides
research evidence justification for control: A systematic scoping review.
Devleesschauwer B, editor. PLoS ONE. 2019;14:e0217420. https://doi.org/10.
1371/journal.pone.0217420.

41. NBS (National Bureau of Statistics). The 2012 Population and Housing
Census Report. Population distribution by administrative areas. Dar es
Salaam, Tanzania: National Bureau of Statistics. Central Census Office; 2013.
[cited 20 Apr 2016]. Available: http://www.nbs.go.tz/.

42. Sah K, Poudel I, Subedi S, Singh DK, Cocker J, Kushwaha P, et al. A
hyperendemic focus of Taenia solium transmission in the Banke District of
Nepal. Acta Trop. 2017;176:78–82. https://doi.org/10.1016/j.actatropica.2017.
07.022.

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

Kabululu et al. BMC Veterinary Research          (2020) 16:325 Page 9 of 9

https://doi.org/10.1079/JOH2005314
https://doi.org/10.4269/ajtmh.1990.43.194
https://doi.org/10.1371/journal.pntd.0002192
https://doi.org/10.1186/s13071-014-0574-7
https://doi.org/10.1186/s13071-014-0574-7
https://doi.org/10.1016/j.ijpara.2003.11.014
https://doi.org/10.1016/j.prevetmed.2007.12.014
https://doi.org/10.1016/j.prevetmed.2007.12.014
https://doi.org/10.1186/s12879-016-2122-x
https://doi.org/10.1371/journal.pone.0118541
https://doi.org/10.1016/j.actatropica.2015.10.022
https://doi.org/10.1016/j.actatropica.2015.10.022
https://doi.org/10.1016/j.actatropica.2019.02.018
https://doi.org/10.1016/j.actatropica.2019.02.018
https://doi.org/10.1016/j.actatropica.2016.04.010
https://doi.org/10.1016/j.actatropica.2016.04.010
https://doi.org/10.1016/j.parepi.2017.09.002
https://doi.org/10.1016/j.parepi.2017.09.002
http://www.unep.org/dewa/Portals/67/pdf/Groundwater_INC_cover.pdf
http://www.unep.org/dewa/Portals/67/pdf/Groundwater_INC_cover.pdf
https://www.ajol.info/index.php/ahs/article/view/73418
https://doi.org/10.1186/s13071-017-2520-y
https://doi.org/10.1371/journal.pone.0217420
https://doi.org/10.1371/journal.pone.0217420
http://www.nbs.go.tz/
https://doi.org/10.1016/j.actatropica.2017.07.022
https://doi.org/10.1016/j.actatropica.2017.07.022

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	General description of pig management practices
	Farmers’ knowledge, attitudes, and practices related to T. solium transmission
	Pig necropsy

	Discussion
	Conclusions
	Methods
	Description of the study area
	Study design
	Household survey
	Pig slaughter and carcass dissection procedures
	Data analysis

	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

