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Abstract

Small-scale subsistence farmers keep over 80% of the pigs in Tanzania as a
backyard activity in mixed agro-ecological farming systems under unhygienic
conditions that risk persistency of zoonoses including 7aenia solium cysti-
cercosis. Pig production and demand for pork has tremendously increased in
Tanzanian townships and major cities. Rural areas are the main sources of
pigs and pork and that the business is jeopardized by the presence of porcine
cysticercosis (PC). Ludewa district is one of the PC unsurveyed sources of
pork in townships and cities in Tanzania. The aim of this study was to assess
the status of PC in Ludewa district, Tanzania. Auricular venous blood sam-
ples were collected from pigs in households for seroprevalence analysis of PC.
In this study, 10.07% (95% C.I. 06.86% - 14.47%) of the collected 268 serum
samples tested positive in the cysticercosis antigen enzyme-linked im-
mune-sorbent (Ag ELISA) assay. PC infection rate was 10.71% (n = 24) in
adult pigs and 6.82% (n = 3) in piglets. PC infection between adult pigs and
piglets was not statistically significant (OR = 0.6108; 95% C.I. 0.1125 - 2.1575),
p = 0.5877). The highest and lowest number of PC positive cases were detected
in Mapogoro (n = 16, 13.91%, 95% C.I. 8.41 - 21.91) and Ludewa Mjini (n = 6,
6.67%, 95% C.I. 2.74 - 14.50) villages respectively. The Chi-Square test indi-
cated no significant statistical difference in the status of PC infection between
the three villages (p = 0.1881) involved in this study. PC prevalence in the
study area indicates the presence of 7. solium tapeworm human carriers and
environmental contamination by 7. solium eggs. This is the first survey to
reveal the prevalence of PC in Ludewa district and therefore calls for further
studies on the magnitude, economic and public health impacts of taeniasis
and cysticercosis in the human population. The result of this study is also
important in the determination of effective control measures of cysticercosis.
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Tanzania

1. Introduction

For many reasons, there is limited information on the burden of Taenia solium
cysticercosis, a zoonotic disease between man and pigs, in endemic regions. The
disease greatly impacts food security and safety, public and veterinary health and
finally economies of developing endemic countries. The adult parasite causes
taeniasis in humans while its larval form causes cysticercosis in both humans
and pigs [1]. In the piggery industry, infection by the parasite (porcine cysticer-
cosis (PC)) denies people from pork protein and causes huge economic loss be-
cause of veterinary costs, reduced pork production and total condemnation of
PC detected pork carcases [2]. Infection of the larval form in human (human
cysticercosis (HC)), among other parts of the body, in the central nervous sys-
tem (CNS) results into neurocysticercosis which is the major cause of acquired
epilepsy in 7. solium endemic areas [3] [4]. Humans may harbour adult pork
tapeworms in the intestine and hence taeniasis for many years without signifi-
cant health symptoms. Following consumption of uncooked or undercooked
pork infected with the larval stage of 7. solium known as Cysticercus cellulosae
[1] [5] [6] [7], the larvae develops into adult worm with which human can har-
bour the parasite for over 20 years if untreated and remains a good carrier of the
parasite and therefore source of environmental contamination. On the other
hand, humans contract cysticercosis by ingesting 7. solium eggs from contami-
nated food, drinking water or hands after an unhygienic attendance of a natural
call or indiscriminate defaecation [8] [9] [10] [11]. As in humans, pigs contract
cysticercosis following ingestion of feed-stuff or water or human faeces contain-
ing 7. solium eggs from pork tapeworm carriers or ingestion of the eggs from
contaminated environmental soils [10] [11]. With this route of transmission, in-
fection by the larval form of 7. solium spares neither ethnic nor religious group
[12] [13]. Because of globalization and worldwide tourism, like Catholics: the
Orthodox Jews, Muslims, Seventh-Day Adventists and vegeterians are all at risk
of infection by the larval form of 7. solium.

Pig production, especially in rural areas, has increased in the past few years
because of population growth and scarcity of grazing land for ruminants [7].
The increase in piggery industry has also been due to quick and high returns ac-
crued from investing in pig production as compared to investing in ruminants as
well as the high demand for pork in townships, urban and cities [6] [7]. The in-
crease in pig production in many rural areas of developing countries with high
rates of poverty and ignorance mediates the occurrence and persistence of 7. so-
lium cycle. As the number of PC reports escalates in sub-Saharan African coun-
tries indicating prevalence ranging from as low as 0.12% to over 50% [2] [14]

[15] [16] [17] [18], many rural areas of Tanzania where the majority of the pigs
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are farmed [6] in traditional systems coupled with poor hygiene and sanitation
remain unsurveyed. Thus, the status of PC from various rural areas, which also
have high production of pigs in Tanzania, is inadequately recorded. Survey stu-
dies in a few Tanzania rural areas have reported the prevalence of PC as high as
33% [15] [19] [20] with around 3 million USD being lost due to PC [21]. The
persistence of the disease further inhibits exportation of pork that negatively af-
fects foreign exchange. Therefore, the knowledge of the prevalence and risk fac-
tors of zoonotic parasites such as 7. solium cysticercosis and subsequently their
associated economic and public health impacts is important in order to deter-
mine effective prevention and control measures. The information from this
study is useful to minimize or prevent future cases of 7. solium cysticercosis in
Tanzania and elsewhere in endemic regions. This study reports for the first time

the persistence and prevalence of PC in Ludewa district, Tanzania.

2. Materials and Methods
2.1. Study Area

This study was conducted in Ludewa district between November 2017 and
March 2018 (Figure 1). Ludewa district is among the districts forming the
Njombe Region in Tanzania [22] and lies between latitudes 10°06' & 10.10°00'S
and longitudes 34°45' & 34.68°00'E. Njombe region (Latitude 8°40" & 10°32'S;
longitude 33°47' & 35°45'E) was formerly part of Iringa region until March 2012
when it was gazetted as a new and separate region [22]. Lake Nyasa borders Lu-
dewa district to the southwest, Kyela (in Mbeya region) and Makete to the west,

Njombe district to the north while Ruvuma region borders Ludewa district
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Figure 1. Map of Tanzania showing surveyed villages in Ludewa district.
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to the southeast. According to the 2007-2008 National Sample Census of Agri-
culture, the district had a population of 23,998 pigs with an average of two pigs
per household [23]. According to 2012 Population and Housing Census, the
population of Ludewa district was 133,218 people in 2012 and projected to reach
138,618 people in the year 2017 [24]. The major economic activities in Ludewa
district include fishing, livestock keeping and small-scale subsistence farming.
Ludewa district was of interest because to the best of our knowledge there was
no any published PC survey study despite the fact that the district is one of the
sources of pigs and therefore pork in townships, urbans and Dar es Salaam City.

2.2. Study Design and Sample Size Estimation

A cross-sectional survey was conducted to investigate the prevalence of PC in
Ludewa district. One village was selected randomly from each of the three wards
involved in this study (Milo and Ludende wards from about 2600 m.a.s.l and
Ludewa ward with about 1500 m.a.s.l). Names of villages from each ward were
written in a piece of paper, folded and mixed before they were thrown on a table
to pick one piece of paper with a village name for survey. The process was re-
peated in each of the selected three wards. Ludewa Mjini (Ludewa ward), Lu-
dende (Ludende ward) and Mapogoro (Milo ward) villages were selected for this
study. The selection of households for inclusion in the study was also random;
however, the presence of pigs was taken into account. An average of 25 house-
holds per village participated in this study. The prevalence level of PC was de-
termined from sera recovered from blood samples and the study was biased to
different age groups of pigs and sources. A maximum of 6 pigs were randomly
chosen from each of the households participating in this study. Generally, 6 pigs
were sampled in households with both litters and sounder of swine. A random
sampling of a maximum of 3 piglets was deployed in litters of more than 3 pig-
lets, similarly to sounder of swine at any one participating household. In house-
holds with 3 or less adult pigs and or piglets, all were sampled. The formula n =
Z*PQ/L* [25] was used to estimate the sample size, where n is the number of
pigs, P is an estimated prevalence level of PC in the study area, Z is the score of
the desired confidence interval (95%), Q = 1 — P, and L is the permissible error
of estimation (5%). Based on this formula, the estimated minimum sample size
of pigs was 113 (that is n = 1.96 x 0.08 x 0.92/0.05%). Maximization of the sam-
ple size to 170 was done according to Yohana and others [26]. Using random se-

lection of households and pigs, 268 serum samples were collected.

2.3. Data Collection

About 3 - 4 ml was drawn from auricular venous blood of pigs using hypoder-
mic syr s and kept in a 5 ml Becton Dickinson (BD) vacutainer tubes. Each
syringe was used in one pig and once that after withdraw of blood, the syringe
used was disposed. The verbal informed consent was sought from each of heads

of the households (pig owners) participating in the study. The age limit for in-
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clusion of pigs in the study was 3 to 5 months for piglets and 6 months or above
for adults. A random sampling of a maximum of 3 piglets was deployed in litters
of more than 3 piglets, similary to sounder of swine at any one participating
household. Therefore, at most six pigs were sampled in households with both
litters and sounder of swine. In households with three or less pigs and or piglets,
all were sampled. Blood samples were temporarily stored at 4°C in a cooler box
during data collection. The recovery of serum samples were done by centrifuging
blood samples for 10 minutes at 3500 rpm. Clear serum samples were stored in

adequately labeled 1.8 ml cryogenic vials at —20°C before further analysis for PC.

2.4. Laboratory and Statistical Data Analysis

In the laboratory, cysticercosis antigen enzyme-linked immune-sorbent (apDia
Cysticercosis antigen ELISA) was used in qualitative determination of serum
samples for PC according to manufacturer’s protocol. Briefly, pretreated serum
and control samples were added to the B158C11A10 monoclonal antibody
coated wells for incubation. The incubation at 37°C for 15 minutes while shak-
ing 800 rpm allowed circulating antigens from viable cysticerci to bound to the
wells. After removing all unbound sample materials by washing the microtiter
strips using phosphate buffered solution, the antigen-antibody complex in each
well was detected with B60H8A4 monoclonal antibodies. Before the absorbance
values were determined at 450 nm, the enzymatic reaction was stopped by add-
ing 0.5 M H,SO, solution. All statistical analyses were performed in R version
3.4.3 [27]. The prevalence of PC was computed using descriptive statistics. The
Chi-Square test of independence was used to compare PC differences between

villages and pig age groups.

3. Results

Two hundred and seventy one pigs from various households in the three villages
in Ludewa district were involved in this study (Table 1). One blood sample for
serum recovery was collected from each pig after obtaining informed oral con-
sent of the pig owners. Three samples were excluded from the statistical analysis
because of either, a microplate reader could not determine the absorbance value
(optical density, OD) at 450 nm wavelength or the results were doubtful with Ag
index falling between 0.8 and 1.3. Because it was not possible to have freshly
drawn blood, the three serum samples were stored at —20°C to be retested later
using another convenient method. The number of households in the villages in-
volved in this study differed depending on the availability of pigs. Of the total
number of households included in this study, Ludende village had the lowest (n
= 42, 25.77%) followed by Ludewa Mjini village (n = 57, 34.97%) while Mapo-
goro village had the highest (n = 64, 39.26%). The number of pigs statistically
examined was lowest in Ludende village (n = 63, 23.51%) and highest in Mapo-
goro village (n = 115, 42.91%). Of the 268 statistically analysed serum samples,
224 were adult pigs (83.58%, 95% C.I. 78.47% - 87.70%) while piglets were 44
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Table 1. Prevalence of porcine cysticercosis by Cysticercosis Ag ELISA test in three vil-
lages in Ludewa District.

Examined Pigs Positive Pigs
Village  Adults Piglets Total Adults Piglets Total % 95% C.I.
Ludende 45 18 63 4 1 5 7.94 2.96 - 18.27
Ludewa 78 12 90 5 1 6 6.67 2.74 - 14.50
Mapogoro 101 14 115 15 1 16 13.91 8.41-21.91
Total 224 44 268 24 3 27 10.07 06.86 - 14.47

(16.42%, 95% C.I. 12.30% - 21.53%). Generally, among the 268 analysed serum
samples, 27 (10.07%, 95% C.I. 06.86% - 14.47%) tested positive while 241
(89.93%, 95% C.I. 85.53 - 93.14) tested negative for porcine cysticercosis Ag
ELISA (Table 1). The number of serum samples, which tested positive for PC in
Ludende, Ludewa Mjini and Mapogoro villages, were 5 (7.94%, 95% C.I. 2.96 -
18.27), 6 (6.67%, 95% C.I. 2.74 - 14.50) and 16 (13.91%,95% C.I. 8.41 - 21.91)
respectively. The difference in PC status among the three villages was not signif-
icant by the Chi-Square test (p-value = 0.1881). Between adult and piglet age
categories the infection status was 10.71% (24/224) and 6.82% (3/44) respective-
ly. The Fisher's Exact Test indicated no significant difference of PC infection
between adult pigs and piglets (OR = 0.6108; 95% C.I. 0.1125 - 2.1575), p =
0.5877).

4. Discussion

Two hundred sixty eight (268) serum samples from rural pigs in three villages
were used for qualitative analysis of PC prevalence in Ludewa district in Njombe
region located in the southern highlands in Tanzania. To the best of our know-
ledge, this publication constitutes the first study on PC in Ludewa district. The
results from this study indicate the prevalence of PC to be 10.07%. What is re-
ported in the present study is similar to that reported in Mbeya Region [28], one
of the regions forming the southern highlands in Tanzania. There has also been
a more or less similar report on PC in Uganda [14]. On the other hand, PC sta-
tus determined in this study is three times less than what is reported in a similar
study conducted in Nyasa District in Ruvuma region which borders Ludewa dis-
trict to the southeast [15]. High prevalence of PC in the Eastern African region is
also reported in Kenya [16].

Previous survey on PC by [20] using antemortem and postmortem examina-
tion in two districts in Iringa region located to the north of Njombe Region rec-
orded prevalence ranging between 7.6% and 8.4% while the same study also rec-
orded an overall prevalence of 16.9% in two Districts in Ruvuma region. The
prevalence of PC in Ludewa District in Njombe region reported in the present
study and recent reports [15] in Ruvuma and Mbeya region [15] [28] indicate
the persistence of 7. solium infection in the southern highlands regions of Tan-

zania where majority of the pigs are kept under free and semi intensive systems
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of keeping pigs. The epidemiology of taeniasis-cysticercosis indicates that
whenever pigs are infected with 7. solium cysticercosis, some members of the
community are infested with adult 7. so/ium. T. solium human carriers have the
greatest potential for contaminating the environment with the parasite eggs
when there is poor hygiene and sanitation. The Differences in the prevalence of
porcine cysticercosis in the southern highland regions (Iringa, Njombe, Ruvuma
and Mbeya) thus may indicate differences in 7. solium eggs environmental con-
tamination as well as taeniasis in the human population. Therefore, the persis-
tent of PC in the southern highlands calls for control and prevention strategies.

The infection rate of PC between adult pigs and piglets was determined at
10.71% and 6.82% respectively; however, this difference was not statistically sig-
nificant (p = 0.5877). In the majority of the households, piglets were confined
reducing the likelihood of encountering human faeces infected with pork tape-
worm eggs. On the other hand, adult pigs, from most of the households, were
seen freely roaming and scavenging for food in the streets increasing the risk of
infection by pork tapeworm from infected indiscriminately human faeces. The
age and size of the piglets may also be a factor preventing them from breaking
their pens as compared to adult pigs which because of the age and size attained
they may be energetic enough to break apart their pens and escape away to sca-
venge and hence the observed differences in PC infection rate. It should be noted
in the first place that most pig owners, as a way of curbing food shortage, wil-
lingly release their pigs to scavenge for food.

The prevalence of PC in Mapogoro village was high (n = 16, 13.91%) as com-
pared to the rest of the villages, Ludende and Ludewa Mjini, which recorded
7.94% (n = 5) and 6.67% (n = 6) respectively. Although Mapogoro village had
the highest number of pigs (n = 115, 42.91%) recruited in this study, it had also
most of the pigs that were observed roaming while most pigs specifically in Lu-
dewa Mjini village were confined because part of this village is slowly turning
into a town centre and therefore sanitation facilities are available and a bit im-
proved. Rural areas with extensive free range pig keeping system with inade-
quate hygiene and sanitation facilities have been reported to have high preva-
lence of T solium cysticercosis [6] [18] [26] [29] because pigs and humans gain
easy access to human faeces which may be contaminated by 7. solium eggs [6].

The prevalence of PC in the surveyed rural areas of Ludewa District indicates
the presence of pork tapeworm human carriers accompanied with poor sanita-
tion and hygiene. This is to say whenever PC persists; there are tapeworm carri-
ers who contaminate environment through open defecation. Presence of 7. so-
Jium human carriers and a possibility of 7. so/ium eggs environmental contami-
nation pose health risks to residents in Ludewa and other areas receiving drink-
ing water or food items that may be contaminated by 7. solium eggs or con-

suming pork originating from Ludewa given inadequate meat inspection.

5. Concluding Remarks

For the first time, the prevalence of PC was assessed and recorded in the study
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area. Although the results recorded, indicate about three times lower prevalence
compared to what was reported in Nyasa District in Ruvuma, a region bordering
Njombe region, it is an indication of the existing risks of 7. solium infection to
both pig and human populations in the vicinity and faraway. Because the treat-
ment of 7. solium cysticercosis is difficult and with varying success [30] enacting
prevention measures in the study rural area is of primary importance. The adop-
tion of modern pig farming systems, provision of health education, community
campaign on comprehensive hygiene, effective routine use of sanitary facilities,
proper and strict meat inspection as well as adequate pork cooking, should be
part and parcel of 7. solium prevention strategies. With the aim to remove the
pork tapeworm zoonotic parasite from the infection cycle and hence preventing
the occurrence of new 7. solium cysticercosis infection cases, the human popu-
lation in the study area should also be freed of taeniasis. This may be preceded
by exploring the status of 7. solium cysticercosis and taeniasis infection in the

human population.

6. Limitation of the Study

This study was limited to villages that keep pigs under semi-intensive and free
range systems in Ludewa District. It was further limited by geographical location
based on altitude as some research villages were from as low as 1500 m.a.s.] and

others from about 2600 m.a.s.1.
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