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Abstract: Taeniasis and cysticercosis are parasitic infections that affect humans and pigs. Their global
distribution constitutes a serious public health issue with significant implications for pork production.
The purpose of this study was to evaluate the presence of porcine cysticercosis in backyard swine
from 42 indigenous communities throughout Tuchín-Córdoba, Colombia. Between December 2020
and March 2021, free-range pigs (n = 442) were assessed using the ELISA cysticercosis Ag test;
85 pigs were examined through sublingual visual evaluation, and 4 slaughtered pig carcasses were
subjected to standard operation inspection. The collected cysticercus underwent histological and
PCR analysis. Furthermore, 192 surveys of knowledge, attitudes, and practices (KAP) were used to
identify the factors that facilitate infection transmission. Serological investigation revealed that 9.7%
(46/472) of the animals were positive for cysticerci Ag. Sublingual inspection identified cysticercus
in 28.7% (25/87) of the animals, while PCR analysis indicated that cysticercus corresponded to the
T. solium American/African genotype. The factors associated with T. solium infection in the pigs in
the surveyed areas numbered 14. The majority are associated with factors that promote the active
persistence of Taenia solium’s life cycle in an area, such as lack of environmental sanitation, a lack of
coverage or care for drinking water and wastewater treatment services, and no solid waste disposal.

Keywords: backyard pigs; indigenous community; T. solium American/African genotype

1. Introduction

Taeniasis/cysticercosis complex is a parasitic infection caused by parasites of the
genus Taenia spp. and designated as a neglected disease by the WHO. This infection is
extremely harmful to human and animal health, especially in tropical areas of developing
African, Asian, and Latin American countries [1]. The prevalence of taeniasis/cysticercosis
complex is strongly linked to poor hygienic conditions, a lack of sanitary services, poverty,
eating habits, poor pig production techniques, and a lack of public health education [2].
Taeniasis is a parasitic infection caused by T. solium in humans. After ingesting mature
cysticercus (larvae stage) found in muscle and various tissues of infected pigs, humans
become infected. Tapeworms stick to the intestinal mucosa, mature, develop proglottids,
become gravid, and release eggs in the feces [3]. On the other hand, both humans and pigs
can contract cysticercosis [4], which is caused by the ingestion of T. solium eggs found in
food or water contaminated with human feces through the fecal–oral route. Eggs hatch and,
after passing through the stomach, release an embryo that travels through the bloodstream
and infects various parts of the body, primarily the muscles and nervous system [5].

The WHO and WHOA have designated the disease as potentially eradicable based
on its prevalence and importance to public health and have set goals for 2030 that are
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linked to a roadmap focused on reducing risk factors linked to the presence of the disease,
allowing prevention, elimination, and eradication [1,6,7]. Colombia is one of the countries
where the disease is considered to be endemic, but there are few studies on the state of
the infection in the country [8,9], where a seroprevalence of around 8.5% was recorded
in the general human population in 2010, with a more pronounced distribution in the
north and south of the country associated with socioeconomic factors and sanitary and
cultural conditions [10]. As a result, studies that allow an updated approximation of the
epidemiological condition of the infection in the national territory are required, allowing
the design of comprehensive strategies for the control, elimination, and eradication of the
taeniasis/cysticercosis complex.

In Colombia, there were 5,950,113 pigs counted nationally in 2021, of which 1,374,296
were found to be produced in backyards [11]. It is important to note that backyard pro-
duction continues in remote areas where there is still a general lack of pig slaughterhouse
facilities and pork inspection, and control is poor or non-existent. As a result, it is critical
to conduct epidemiological studies to identify areas where the Taenia solium life cycle is
present and active, which generally coincide with areas with poor environmental and social
conditions [12,13].

To achieve an initial approximation, we proposed to investigate the frequency of
porcine cysticercosis and the molecular identification of Taenia spp. along with factors
associated with its presentation in the indigenous communities from the municipality of
Tuchín-Córdoba. As a contribution of baseline information for the design of strategies
for a control, elimination, and eradication program of the taeniasis/cysticercosis complex
in Colombia, possible work roadmaps were defined in the short–medium and long term
following the recommendations of the WHO and as part of the National Technical board
for the reduction in the taeniasis/cysticercosis complex of the Ministry of Health and
Social Protection.

2. Materials and Methods
2.1. Study Area

The study area was selected due to an observed free-range pig husbandry and anec-
dotal information on the presence of cysticercosis by veterinary technicians that worked
in the area. In addition, no previous study on porcine cysticercosis has been conducted in
the zone. Tuchín is a municipality in the Colombian state of Córdoba, located at 9◦11′09′′

N 75◦33′19′′O/9.1858333333333, −75.555277777778, with an area of 128 km2. It has an
elevation of 106 m above sea level, an average temperature of 28 ◦C, and a population of
40,033 inhabitants, of which 39,101 are indigenous descendants of the Zenú ethnic group,
distributed in 65 communities [14]. Agriculture and handicrafts are among the main eco-
nomic activities of the region, with this population dedicated to the fabric of the iconic
Colombian hat vueltiao. Livestock, fishing, and pig and poultry farming are also important
for subsistence.

2.2. Sample Size

In the years 2020–2021, the study was conducted in 42 indigenous villages in Tuchín-
Córdoba selected by convenience considering the location and acceptance to participate
in this study. The communities of the municipality’s reservation served as the research
unit, and the sample size was calculated using the municipality’s Beneficiary Selection
System for Social Programs (SISBEN). The selection of the sample was convenient, and
only 192 households agreed to participate in the study. According to the ICA (Colombian
Agricultural Institute) [15] porcine census, Tuchín had 11,322 pigs in 2019. The sample size
for the detection of antigens of cysticercosis was 472 pigs. The sample size calculation was
made for finite populations with a confidence of 95%, error of 3%, and a known prevalence
of 13.33% [16] using the formula n = Z2PQ/L2 [17].
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2.3. Sublingual Inspection

Eighty-seven pigs were sublingually inspected. These pigs were selected according
to the consent of the owner to make the inspection. We were not allowed to perform the
lingual inspection on all the sampled pigs. Each pig was briefly immobilized with a noose,
then a wooden stick was used to open and hold the animal’s mouth open, and then the
tongue was carefully moved and visually examined and palpated, particularly the ventral
aspect and near the base of the tongue. Cysticercosis was diagnosed in all pigs with one or
more cysts on the tongue or tongue base [18].

2.4. ELISA

Blood samples were taken from 472 pigs raised on backyard farms at various phases
of fattening. Approximately 5 mL of blood was taken from each pig. Breeding males and
females from 4 months onwards and pigs that were difficult to manage or aggressive were
excluded. We used 21-gauge needles and BD Vacutainer® (Auckland, New Zealand) serum
tubes with separating gel to bleed the pigs. The extracted samples were centrifuged for five
minutes at 1200× g to obtain the serum. The sera were kept at −20 ◦C in Eppendorf tubes
for further analysis.

The titers of T. solium cysticerci antigens in the pig sera were determined using the
commercial kit for cysticercosis (Ag-ELISA apDia® Ref. 650510 Turnhout, Belgium), accord-
ing to the manufacturer’s instructions. Duplicates of controls and samples were processed
following the manufacturer’s protocol. The absorbance values/optic densities (ODs) were
determined at 450 nm within 15 min of stopping the reaction with 0.5 M H2SO4. An
ELISA plate washer (Thermo Scientific well wash -N10800-05 19111745) was used, as well
as an EpochTM Microplate Spectrophotometer (Biotek Instruments, Inc., Winooski, VT
05404-0998, USA). The Gen5 program was used to process the data.

2.5. Postmortem Inspection

Due to the lack of slaughterhouses in the area, the animals were slaughtered in houses
set aside for this purpose within the indigenous community. This was carried out using the
electrocution method. Four pig carcasses were purchased from communities where pigs
with positive sublingual inspection were observed and then examined in accordance with
the OMSA Terrestrial Manual [19] and Chembensofu [20]. The number of carcasses was
determined by convenience due to the lack of resources. To ensure traceability, the sections
of the carcass were labeled with a specific code immediately after slaughter. The carcass
was then separated into two halves, starting with the caudal skull, which was divided
into equal halves, and the head was removed by cutting through the neck vertebrae. The
organs were then separated from the carcass, and inspection of cysts in the abdominal
cavity was carried out. After that, half of the carcass was deboned, removing and retaining
as much muscle tissue as possible while keeping the masseter muscles and muscles of the
base of the tongue marked and separated from other skeletal muscles, and all connective
and fatty tissue was removed by looking for cysts using thin sections (5 mm) of the muscles
and organs in a systematic manner, paying attention to between the layers of muscle, fat,
and skin.

In addition, the existence of Taenia spp. cysticerci was determined by visual detection
and palpation of cysts in the heart, tongue, masseter muscles, esophagus, diaphragm, eyes,
brain, and liver. The total number of cysts (sum of cysts from each estimated total muscle
group plus counts of cysts in the masticatory muscles and other organs) was calculated, and
the cysticerci stage was classified as viable, degenerate, or calcified according to Boa [21].
Furthermore, if cysts were discovered, they were kept in Eppendorf tubes or Falcon tubes
with 70% ethanol for multiplex PCR analysis, and some samples were fixed in 10% buffered
formaldehyde for histological study.
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2.6. Histopathological Analysis

The cysticerci were fixed in 10% buffered formaldehyde and kept at room temperature
before being processed in the University of Antioquia’s Animal Pathology Laboratory,
where they were embedded in paraffin and cut into 3 µm tissue sections to be processed
with routine Hematoxylin–Eosin stain to perform a descriptive histopathological analysis of
the cyst. The CellSens Standard software Version 4.2 (Olympus Corporation, Center Valley,
PA, USA) was used to take multiple photomicrographs of the cysticerci using an. Olympus
BX53 light microscope with an Olympus DP74 digital camera (Olympus Corporation,
Center Valley, PA, USA).

2.7. DNA Extraction and PCR

At least two cysticerci obtained previously from each carcass were macerated indi-
vidually, and the parasite’s DNA was extracted using the DNeasy Blood and Tissue kit
(Qiagen®, Cat. No. 69504, Hilden, Germany), according to the manufacturer’s instructions.
To differentiate the species and genotypes of Taenia spp., a multiplex PCR was used [22],
based on the nucleotide sequences of Cox1 [Table 1]. A volume of 25 µL of reaction mixture
was used for amplification with the Hot Start Taq Master Mix kit (Qiagen®, Cat. No.203446).
Electrophoresis was performed on the PCR products in 1% agarose gel for 55 min at 90 V.
Positive controls were donated by the Institute of Parasitology Justus Liebig University,
Giessen. Sequence of specific primers and the conditions used in the multiplex PCR are
described in Table 1.

Table 1. Primers and PCR conditions for Taenia spp. PCR.

Name Sequence Size (bp) PCR
Conditions

T. asiatica 5′-ACGGTTGGATTAGATGTTAAGACTA-3 269

35 cycles:
94 ◦C 30 s.
60 ◦C 30 s.
72 ◦C 90 s.

T. solium
American/African

genotype
5′-GGTAGATTTTTTAATGTTTTCTTTA-3′, 720

T. solium
Asian genotype 5′-TTGTTATAAATTTTTGATTACTAAC-3 984

Common reverse
primer Rev, 5′-GACATAACATAATGAAAATG-3

2.8. Household Questionnaire

A structured questionnaire with two sections was administered through personal
interviews with a member of the selected household who was familiar with the day-to-day
raising of pigs and the relevant knowledge, attitudes, and practices (KAP): (1) general
information about household characteristics, such as age, gender, ethnicity, education level,
household size and toilet type used, source of water, hygiene practices, and respondents’
knowledge and perceptions about the taeniasis/cysticercosis complex, and (2) information
about pig management, such as herd size, pig raising system, animal health practices, pig
origin, pig sale and slaughter, and proportion of own pigs consumed. A total of 80 variables
were evaluated in the questionnaire. A representative of the 192 households included
answered the questionnaire, although the questions concerning pigs were only answered
by 179 people, since 13 of the 192 households had no pigs at the time of the study.

2.9. Statistical Analysis

Descriptive statistics, mean, standard deviation, and the relative frequency of positive
cases by community, number, and cysticercosis stage were utilized. The 95% confidence
interval for frequency was calculated using binomial calculation. The odds ratio (OR) of
the variables was assessed using multiple correspondence analysis to determine factors
associated with cysticercosis. All survey data were entered into sheets on Microsoft®
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Excel® 2019 MSO (16.0.10386.20017) 64-bit calculation tool for tabulation and processed
in R Studio [23] v. 4.4.1.2. The library also made use of R Studio’s FactomineR to perform
multiple correspondence analysis.

3. Results
3.1. General Description of Pig Backyards

A total of 472 pigs from 179 families were examined. Most of the pigs sampled
were a mix of Colombian creole pig breeds (black pigs and casco de mula); they were
predominantly females (59.1% (279/472)); 65.8% were over 12 months of age (311/472); and
98.8% (177/179) of the pigs were raised in a free-range environment. About 51.3% (92/179)
of the pigs were fed with cereals, cassava, yams, and harvest byproducts, while 48.6%
(87/179) were fed with kitchen scraps. The source of water for the pigs was lakes, streams,
or rainwater. None of the owners reported receiving veterinary care while raising the pigs.
Only a small percentage of owners reported deworming their pigs (9.5% (17/179)). All
families raised pigs for both sale and consumption; 21.7% (39/179) of owners slaughtered
and sold pigs at home; and 90.5% (162/179) had their pigs slaughtered without inspection.

3.2. General Description of Population

Elementary school was the level of education for 60.9% (117/192), 22.9% (44/192) were
illiterate, 14.6% (28/192) had a high school education, and 1.6% (3/192) had a technical
school education. In total, 53.6% (103/192) of the families lacked sanitary facilities, 32.2%
(62/192) used a peasant sanitary bowl, and 14.1% (27/192) had pit latrines; 88.8% (159/179)
of owners said that the animals had access to human excrement. Only 32.2% (62/192)
reported having access to a septic tank; however, 93.2% (179/192) said that their family
members frequently engaged in outdoor defecation. For human consumption, every home
used rainfall, water from lakes, and water from streams. Taenia solium was unknown to
52.1% (100/192), and 54.1% (104/192) did not know how it is transmitted. Hygiene was
poor; only 31.8% (61/192) washed their hands regularly after toilet use. A total of 20.8%
(40/192) had eaten pork with visible cysticercus, 30.7% (59/192) had given pork with visible
cysticercus to other members of the community, 5.7% (11/192) had sold a pig with visible
cysticercus, and 4.7% (9/192) had a history of epilepsy in the household.

3.3. Frequency of Porcine Cysticercosis

The frequency of porcine cysticercosis in this study was 9.7% (46/472), determined
by Ag-ELISA in 472 serum samples. Cysticerci were found sublingual in 28.7% of the
examined pigs (25/87) (Table 2). In addition, all four pigs examined by postmortem
inspection tested positive for viable cysticerci with high infection levels of >100 cysticerci,
determined according to Phiri [24]. A total of 304 cysticerci were found in common
predilection sites such as the masseter, fore and hind limb muscles, and the psoas. Of
these, 57.2% (174/304) were viable cysticerci, 32.8% (100/304) were degenerated, and 9.8%
(30/304) were calcified. Microscopic examination revealed the cross section of a larva
with invaginated scolex, suckers, and hooklets. Amplification of the Cox1 gene (720 bp)
corresponding to the T. solium American/African genotype was found in the cysticerci of
the four animals examined postmortem by conventional PCR. Amplification of T. asiatica
(269pb) or T. solium genotype Asiatica (984pb) by PCR multiplex was not observed.
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Table 2. Frequency of porcine cysticercosis by sublingual and Ag-ELISA test.

Community
Number

Sublingual Inspection Ag-ELISA

Pigs (n) Positive
Pigs Frequency (%) 95% CI Pigs (n) Positive

Pigs Frequency (%) 95% CI

1 9 2 22.2 (2.8–60) 10 1 10 (0.2–44.5)

3 6 1 16.6 (0.4–64.12) 26 2 7.7 (0.9–25.1)

4 5 2 40 (5.3–85.3) 6 1 16.7 (0.4–64.1)

7 3 1 33.3 (0.8–90.6) 16 1 6.2 (0.2–30.2)

8 7 2 28.6 (3.7–7.9) 34 3 8.8 (1.8–23.7)

9 9 3 33.3 (4.5–70.1) 38 6 15.8 (6.0–31.2)

15 8 2 25 (3.2–65.1) 18 3 16.7 (3.6–41.4)

16 11 5 45.5 (16.7–76.6) 24 13 54.2 (32.8–74.4)

18 6 1 16.7 (0.4–64.1) 10 2 20 (2.5–55.7)

19 8 1 12.5 (0.3–52.6) 20 4 20 (5.7–43.7)

23 7 3 42.9 (9.9–81.6) 18 7 38.9 (17.3–64.2)

27 3 1 33.3 (0.8–90.6) 8 2 25 (3.2–65.1)

29 5 1 20 (0.5–71.6) 18 1 5.6 (0.1–27.3)

Negative 1 0 0 0 226 0 0

Total 87 25 28.7 (19.4–39.4) 472 46 9.7 (7.2–12.8)
1 Negative community numbers (2-5-6-10-11-12-13-14-17-20-21-22-24-25-26-28-30-31-32-33-34-35-36-37-38-39-40-
41-42). The frequency was calculated per community due to the difference in the sampled pigs in each community.

3.4. Risk Factors for Porcine T. solium Cysticercosis

In the evaluation of the factors associated with a diagnosis of cysticercosis, 33 signifi-
cant variables were obtained with an OR greater than 1 (p < 0.05). To see the probability
distribution and contrast the hypotheses, a Chi square test of all variables against positive
diagnosis in the ELISA test for cysticercosis found 14 significant variables [Table 3].

Table 3. Variables associated with positive results in the ELISA test for cysticercosis.

Factor Level n Positive Case Negative Case Odd Ratio p Value

Pigs raised in a
free-range environment

Yes 259 33 226 2.315
(1.128–4.754) 0.01

No 213 13 200

Consumption of pork with
visible cysticerci

Yes 51 11 40 2.696
(1.202–6.045) 0.01

No 421 35 386

Commercialized the pigs at home
Yes 242 31 211 3.113

(1.485–6.526) 0.00
No 230 15 215

Sale of pigs with cysticercosis
Yes 39 8 31 3.234

(1.373–7.616) 0.00
No 433 38 395

Pigs had access to consume
human feces

Yes 305 40 265 3.367
(1.383–8.194) 0.00

No 167 6 161
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Table 3. Cont.

Factor Level n Positive Case Negative Case Odd Ratio p Value

No washing of hands before and
after handling food

Yes 118 21 97 3.408
(1.763–6.590) 0.00

No 354 25 329

Did not know the consequences of
eating pork with cysticerci

Yes 172 29 143 3.638
(1.844–7.178) 0.00

No 300 17 283

Lack of knowledge of transmission
of Taenia solium

Yes 339 42 297 3.832
(1.336–10.986) 0.00

No 133 4 129

Slaughtered pigs at home

Yes 262 34 228
4.179

(1.809–9.653) 0.00No 210 12 198

No 451 34 417

Lack of knowledge of transmission
of porcine cysticercosis

Yes 16 5 11
5.468

(1.798–16.623) 0.00No 456 41 415

No 466 38 428

The pigs that die are destined for
consumption by other animals

Yes 271 41 230 5.814
(2.235–15.123) 0.00

No 201 5 196

No habit of washing hands
after defecation

Yes 112 24 88 5.864
(2.987–11.511) 0.00

No 360 22 338

Use of antiparasitic treatments
in pigs

Yes 204 9 195 10.732
(3.259–35.334) 0.00

No 268 37 231

Illiterate
Yes 198 41 157 15.000

(5.243–42.916) 0.00
No 274 5 269

4. Discussion

Although cysticercosis is considered endemic in Colombia [25], there are a lack of
up-to-date data on its prevalence, which is required for the design and implementation
of a program for the control, elimination, and eradication of the taeniasis/cysticercosis
complex in accordance with the WHO roadmap [26–28]. In the current study, we aimed
to assess the frequency of cysticercosis and factors related to pigs in the municipality of
Tuchín in the department of Córdoba. We discovered a frequency of porcine cysticercosis
of 9.7% (46/472), determined by Ag-ELISA in serum. Circulating antigens can be detected
between 2 and 6 weeks post-infection and can be detected for up to 6 months, even in
pigs with a low-rate infection (one cyst) [29,30]. Cysticercosis Ag-ELISA only determines
the presence of viable cysticerci [31,32], unlike antibody detection, and the antigen levels
are associated with parasite burden [33,34]. The low sensitivity of the Ag-ELISA test
in detecting low-burden cysticercosis infection has been described before [20,35]. These
studies reveal unsatisfactory sensitivity in pigs with a mild cyst load, which restricts its
application as a general screening tool for pig diagnosis or control. If we compare the
Ag frequency (9.7%, 46/472) with the sublingual inspection (28.73%, 25/87), there is a
great difference, which could be due to various reasons. The sublingual inspection is a
diagnostic technique with a low sensitivity of 16–70% that varies depending on the severity
of the illness and a high specificity close to 100 percent [29,31,32]. Although it is a cheap
strategy, it is challenging to use on backyard pigs who are not used to human contact and
handling. That is why, for the sublingual examination, only 85 of the 472 pigs who were
serologically sampled were allowed to be tested; as a result, although the veterinarian
tried to conduct the sublingual examination on all the pigs, only the reduced number were
successfully evaluated in a relatively short period of time. In the case of the other animals,
the owner asked for immediate release after the second or third attempt. Furthermore,
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48.0% (12/25) of the animals with a positive sublingual cysticercosis inspection had a
positive Ag-ELISA test. An explanation could be related to the level of infection, the
immunological response of the pigs after infection, and the number of viable cysts present
in the animals. The examination of the tongue of the animal by visual inspection and
palpation detects only the most heavily infected pigs [18]; and following experimental T.
solium infection in pigs, it was found that the number of viable cysts recovered at necropsy
can help to explain variation in antigen concentration in serum, and that the decrease
in cyst numbers in older animals may be due to their more potent innate and acquired
immune responses [30,35,36].

This frequency is comparable to that found in neighboring municipalities of the re-
gion, Moñitos and Los Córdobas, where postmortem inspection revealed a prevalence of
13.33% [13], ranging from 0.25% in the central region or middle Sinu to 22.2% in municipal-
ities of the coastal zone and Savannah region, specifically Moñitos, Ciénaga de Oro, Chinu,
and Sahagun. The serofrequency found was also similar to that reported in other countries
such as Brazil with a seroprevalence of 5.3% of porcine cysticercosis in rural communities
in eastern Minas Gerais [37], 9.01% in the Sierra of Northern Ecuador [38], and 10.48% in
Myanmar in the Nay Pyi Taw area [39].

Given that full carcass dissection is the gold-standard diagnosis method, the fact that
more than half of the cysts identified (57.4%) were viable is cause for concern. Cysticerci
were recovered primarily from psoas and the muscles of the forelimbs and hindlimbs.
Other studies reported similar findings [21,24,40,41]. The high number of viable cysticerci
in the back and hind legs was also recently reported in [40,41]; and it is a concern that is
not always part of the standard meat inspection protocol. Although the masseters, tongue,
and heart are tissues and organs that are recommended for routine meat inspection for
cysticercosis, they showed a low or absent cyst count in this study. Even though the four
carcasses examined had a significant number of cysticerci, only one of them had cysticerci
discovered in the tongue, and two showed cysticerci in the masseters and heart after
making small cuts. These findings support those reported by Boa [21] and da Silva [42],
who discovered that only 10.6% and 18.06% of metacestodes, respectively, were present
in the muscles or organs used for identifying cysticercosis. Previously, Lightowlers [43]
reported that the inclusion of the muscles from the right or left forelegs together with the
heart, tongue, and masticatory muscles raised the diagnostic sensitivity to 83–88% in a
partial carcass dissection. Moreover, it is important to consider the difficulty for this study
to obtain animals for full carcass dissection, since the owners only slaughtered animals for
festivities, the cost of purchasing animals is high, and some owners prefer to sell them to
other members of the community or, in some cases, to consume themselves. Other authors
have reported additional limitations of this technique such as the time required for slicing
muscle tissue to identify and count cysts, and the need for trained personnel to perform
this procedure [43].

There are no prior publications that identify Taenia spp. infecting pigs from Colom-
bia, and the Ag-ELISA does not distinguish this aspect because the assay shows cross-
reactions with other Taenia species [29]. Molecular techniques for the identification of T.
asiatica and Asian versus American/African genotypes of T. solium were crucial in this
study. By using a multiplex PCR based on primers to amplify Cox1’s gene nucleotide
sequences, the American/African genotype of T. solium was discovered in all cysticerci
examined. These results are in accordance with the findings of [44–46] in surveys of
porcine cysticercosis.

The results of the serology and sublingual inspection, along with the examination
of the four postmortem carcasses with high infection levels and the PCR confirmation
of the species, indicate that the pigs in Tuchín municipality were exposed to T. solium
eggs. Most households (93.2% (179/192)) indicated that their family members frequently
engaged in outdoor defecation, and while some families used pit latrines or peasant
sanitary bowls, just 32.2% (62/192) of interviewees said they had access to a septic tank,
and 88.8% (159/179) of pig owners said that the animals had access to human excrement.
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The present study reports the following associated factors to find cysticerci-seropositive
pigs: human outdoor defecation (OR = 1.82; 95% CI = 0.97–3.63), pigs raised in a free-range
environment (OR = 2.31; 95% CI = 1.12–4.75), pigs have access to consume human feces
(OR = 3.36; 95% CI = 1.38–8.19), no use of antiparasitic treatment for pigs (OR = 10.73;
95% CI = 3.25–35.33), illiterate owners (OR = 15.00; 95% CI = 5.24–42.91), and the animals
that die are destined for consumption by other animals (OR = 5.81; 95% CI = 2.23–15.12).
Sarti [46] in Mexico claims that the expansion of T. solium in rural areas is aided by a
lack of understanding of the parasite life cycle and socioeconomic factors, like sanitation,
pig husbandry, and pig contact with human feces, affecting transmission. The results of
this study are also in line with earlier reports from Diaz [47] in Peru, Shey-Njila [48] in
Cameroon, Ngowi [49] in Tanzania, Krecek [50] in South Africa, Eshitera [51] in Kenia, and
Acevedo-Nieto [37] in Brazil, who found a higher seroprevalence of porcine cysticercosis
in households without latrines and in households with pigs that were not permanently
confined and could gain access to human feces.

Other risk factors of porcine cysticercosis found in this study are slaughtering
pigs at home (OR = 4.17; 95% CI = 1.80–9.65), selling the pigs at home (OR = 3.11;
95% CI = 1.48–6.52), a lack of knowledge of the transmission of porcine cysticercosis
(OR = 5.46; 95% CI = 1.79–16.62), the consumption of pork with cysticerci (OR = 2.69;
95% CI = 1.20–6.04), the sale of pigs with cysticerci (OR = 3.23; 95% CI = 1.37–7.61), and
not knowing the consequences of eating pork with cysticerci (OR = 3.63; 95% CI = 1.84–7.17).
These results are coincident with the previous reports of Boa [52] in Tanzania and Sika-
sunge [53] in Zambia, who noted that home pig slaughter and the absence of pork
inspection were risk factors for human taeniasis.

Additionally, findings that are similar to those of our study have been reported in
other African communities where people have eaten and sold pork that was contaminated
with cysticerci, as well as in situations where people have sold cysticerci-infected pigs to
other community members rather than eating them [53].

In our study, unsanitary practices such as not washing hands before and after handling
food (OR = 3.40; 95% CI = 1.76–6.59) and not washing hands after defecation (OR = 5.86;
95% CI = 2.98–11.51) were identified as risk factors for porcine cysticercosis. Furthermore,
we found that the community did not have access to potable water, so they drank unsafe
water. These variables have previously been identified as risk factors for human T. solium
infection in Burkina Faso [54]. Although we did not evaluate the human infection, the
presence of porcine cysticercosis and all the characteristics described for this municipality
indicate that the taeniasis/cysticercosis complex is present and active. Furthermore, a study
should be conducted to determine the risk factors associated with prevalence among the
various communities, as a difference in the proportion of the 13 positive communities of
the 42 evaluated, because membership to specific communities was identified in this study
as a risk factor for swine cysticercosis.

Because official inspection reports in slaughterhouses registered to the national au-
thority with technologically advanced porcine production systems show that porcine cys-
ticercosis is not present (INVIMA), studies in different regions of Colombia are still needed
to approximate the epidemiological state of the disease in the country’s pig population.

This study provides updated information to begin the design of strategies for a pro-
gram to control, eliminate, and eradicate the taeniasis/cysticercosis complex in this region
of Colombia.

5. Summary

Porcine cysticercosis is a serious public health and economic concern caused by the
zoonotic tapeworm T. solium. A complex network of biological and social factors main-
tains its endemic status and limits success in the disease‘s control. Free-range pigs are
obligate intermediate hosts, making them prime targets for local control and pilot stud-
ies. In Colombia, the disease is considered endemic, but there are no current data on the
infection’s state in the country, where a seroprevalence of around 8.5% was recorded in
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the general human population, with a more pronounced distribution in the north and
south of the country associated with socioeconomic factors and sanitary and cultural con-
ditions. We studied the frequency of porcine cysticercosis, the molecular identification of
Taenia solium, and the factors associated with its presence in indigenous communities in
the municipality of Tuchín-Córdoba. This municipality possesses all the characteristics
that make it vulnerable to the presence of the taeniasis/cysticercosis complex, including
inadequate basic environmental sanitation, a lack of coverage or care for drinking water
and wastewater treatment services, and no solid waste disposal. This study provides
updated information to design strategies for a control program to eliminate and eradi-
cate the taeniasis/cysticercosis complex in this region of Colombia, and serves as a pilot
study for the activation of interventions by Colombia’s National–Intersectoral Board for
the Elimination of the taeniasis/cysticercosis complex, led by the Ministry of Health and
Social Protection.

Author Contributions: Conceptualization, J.J.C.-G., S.L.-O. and F.R.-B.; methodology, J.J.C.-G.,
M.M.A.-L. and S.L.-O.; sampling, M.M.A.-L.; writing—original draft preparation, J.J.C.-G. and
S.L.-O.; writing—review and editing, J.J.C.-G., F.R.-B. and S.L.-O.; project administration, J.J.C.-G.
and F.R.-B. All authors have read and agreed to the published version of the manuscript.

Funding: The study was funded by Grupo CIBAV, Strategy of Sustainability 2023 CODI, Faculty
of Agrarian Sciences at the University of Antioquia, UdeA Medellin, Colombia and Asociación
Porkcolombia-FNP, Ceniporcino, Bogotá, Colombia.

Institutional Review Board Statement: The indigenous community authorities approved partici-
pation in October 2020. The study was conducted in accordance with the Declaration of Helsinki,
and approved by the Institutional Ethics Committee of University of Antioquia (Protocol code No.
136, 17 November 2020), and the human study protocol was approved by the Bioethics Committee of
University of Antioquia (Code No. 20113-930, 17 December 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw/processed data required to reproduce the above findings
cannot be shared at this time due to legal/ ethical reasons.

Acknowledgments: Thank you to the indigenous community authorities, Cacique Mayor, Eder
Espitia, and the anthropologist, Blanca Muñoz, as well as all members of the Zenu indigenous
community who allowed the development of this project.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. World Health Organization. Sustaining the Drive to Overcome the Global Impact of Neglected Tropical Diseases: Second WHO Report on

Neglected Tropical Diseases; WHO: Geneva, Switzerland, 2013; XII, 140. Available online: https://apps.who.int/iris/handle/1066
5/77950 (accessed on 15 December 2023).

2. Flisser, A. Cysticercosis: Neglected disease. Bol. Med. Hosp. Mex. 2011, 68, 138–145. Available online: http://www.scielo.org.mx/
scielo.php?script=sci_arttext&pid=S1665-11462011000200010&lng=pt (accessed on 15 August 2022).

3. Póvoa, A.; Vieira, P.; Silva, A.; Pantazi, I.; Correia, J. Disseminated Cysticercosis. Eur. J. Case Rep. Intern. Med. 2021, 8, 002430.
[CrossRef] [PubMed]

4. Ferrer, E. Teniasis/Cysticercosis: From conventional diagnosis to molecular diagnosis. Salus 2007, 11 (Suppl. S1), 57–61.
Available online: http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1690-46482006000100001&lng=es (accessed on
15 December 2023).

5. García, H.H.; Gonzalez, A.E.; Evans, C.A.; Gilman, R.H. Cysticercosis Working Group in Peru. Taenia solium cysticercosis. Lancet
2003, 362, 547–556. [CrossRef]

6. Organización Panamericana de la Salud (OPS). Informe Primera Reunión Regional Sobre Control de Taenia solium en América
Latina. Colombia. 2015. Available online: https://www.paho.org/hq/dmdocuments/2016/primera-reunion-regional-control-
tena-solium-americas-2015.pdf (accessed on 15 December 2023).

7. García, H.H.; González, A.E.; O´Neal, S.; Gilman, R.H. Grupo de Trabajo en Cisticercosis en Perú. Apuntes y recomendaciones
para el establecimiento de programas de control de la teniasis / cisticercosis por Taenia solium en el Perú. Rev. Peru. Med. Exp.
Salud Publica 2018, 35, 132–138. [CrossRef] [PubMed]

https://apps.who.int/iris/handle/10665/77950
https://apps.who.int/iris/handle/10665/77950
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-11462011000200010&lng=pt
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-11462011000200010&lng=pt
https://doi.org/10.12890/2021_002430
https://www.ncbi.nlm.nih.gov/pubmed/33869104
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1690-46482006000100001&lng=es
https://doi.org/10.1016/S0140-6736(03)14117-7
https://www.paho.org/hq/dmdocuments/2016/primera-reunion-regional-control-tena-solium-americas-2015.pdf
https://www.paho.org/hq/dmdocuments/2016/primera-reunion-regional-control-tena-solium-americas-2015.pdf
https://doi.org/10.17843/rpmesp.2018.351.3606
https://www.ncbi.nlm.nih.gov/pubmed/29924259


Pathogens 2024, 13, 311 11 of 13

8. Kann, S.; Bruennert, D.; Hansen, J.; Mendoza, G.A.C.; Gonzalez, J.J.C.; Quintero, C.L.A.; Hanke, M.; Hagen, R.M.; Backhaus, J.;
Frickmann, H. High Prevalence of Intestinal Pathogens in Indigenous in Colombia. J. Clin. Med. 2020, 9, 2786. [CrossRef]

9. Rodríguez-Morales, A.J.; Yepes-Echeverri, M.C.; Acevedo-Mendoza, W.F.; Marín-Rincón, H.A.; Culquichicón, C.; Parra-Valencia,
E.; Cardona-Ospina, J.A.; Flisser, A. Mapping the residual incidence of taeniasis and cysticercosis in Colombia, 2009-2013, using
geographical information systems: Implications for public health and travel medicine. Travel Med. Infect Dis. 2018, 22, 51–57.
[CrossRef] [PubMed]

10. Flórez, A.; Pastrán, S.M.; Vargas, N.S.; Beltrán, M.; Enriquez, Y.; Peña, A.; Muñoz, L. Cisticercosis en Colombia. Estudio de
seroprevalencia 2008-2010. Acta Neurol. Colomb. 2013, 29, 73–86.

11. Instituto Colombiano Agropecuario (ICA). Censo Nacional Porcino. 2021. Available online: https://www.ica.gov.co (accessed on
22 September 2022).

12. Pawlowski, Z.; Allan, J.; Sarti, E. Control of Taenia solium taeniasis/cysticercosis: From research towards implementation. Int. J.
Parasitol. 2005, 35, 1221–1232. [CrossRef]

13. Organización Panamericana de la Salud. Pautas Operativas Para las Actividades de Control de la Teniasis y la Cisticercosis Causadas por
Taenia solium; OPS: Washington, DC, USA, 2019; Available online: https://iris.paho.org/handle/10665.2/51660 (accessed on 22
August 2022).

14. Departamento Administrativo Nacional de Estadística (DANE). Censo Nacional de Población y Vivienda. 2018. Available
online: https://www.dane.gov.co/files/censo2018/informacion-tecnica/PERSONAS_DEMOGRAFICO_Cuadros_CNPV_20
18.xlsx (accessed on 10 May 2022).

15. Instituto Colombiano Agropecuario (ICA). Censo Pecuario Nacional. 2019. Available online: https://www.ica.gov.co/areas/
pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018 (accessed on 1 February 2022).

16. Quintero, C.; Ruiz, L.; Ballut, C.; Moreno de Barco, N. Prevalencia de cisticercosis porcina en los municipios de Moñitos y
Los Córdobas. MVZ 2000, 5, 9–22. Available online: https://imbiomed.com.mx/1/1/articulos.php?method=showDetail&id_
articulo=40905&id_seccion=2714&id_ejemplar=4193&id_revista=162 (accessed on 15 December 2023).

17. Thrusfield, M. Veterinary Epidemiology; Blackwell Science Ltd.: Oxford, UK, 1995; p. 624.
18. Gonzalez, A.E.; Cama, V.; Gilman, R.H.; Tsang, V.C.; Pilcher, J.B.; Chavera, A.; Castro, M.; Montenegro, T.; Verastegui, M.;

Miranda, E.; et al. Prevalence and comparison of serologic assays, necropsy, and tongue examination for the diagnosis of porcine
cysticercosis in Peru. Am. J. Trop. Med. Hyg. 1990, 43, 194–199. [CrossRef] [PubMed]

19. Organización Mundial de Sanidad Animal (OIE). Cisticercosis. Manual terrestre de la OIE. 2018. Available online: https:
//www.oie.int/fileadmin/Home/esp/Health_standards/tahm/3.09.05_Cisticercosis.pdf (accessed on 15 August 2022).

20. Chembensofu, M.; Mwape, K.E.; Van Damme, I.; Hobbs, E.; Phiri, I.K.; Masuku, M.; Zulu, G.; Colston, A.; Willingham, A.L.;
Devleesschauwer, B.; et al. Re-visiting the detection of porcine cysticercosis based on full carcass dissections of naturally Taenia
solium infected pigs. Parasit. Vectors 2017, 10, 572. [CrossRef] [PubMed]

21. Boa, M.E.; Kassuku, A.A.; Willingham, A.L., 3rd; Keyyu, J.D.; Phiri, I.K.; 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, 155–164.
[CrossRef] [PubMed]

22. Yamasaki, H.; Allan, J.C.; Sato, M.O.; Nakao, M.; Sako, Y.; Nakaya, K.; Qiu, D.; Mamuti, W.; Craig, P.S.; Ito, A. DNA differential
diagnosis of taeniasis and cysticercosis by multiplex PCR. J. Clin. Microbiol. 2004, 42, 548–553. [CrossRef] [PubMed]

23. RStudio Team. RStudio: Integrated Development for R; RStudio, PBC: Boston, MA, USA, 2020; Available online: http://www.
rstudio.com/ (accessed on 5 March 2023).

24. Phiri, I.; Dorny, P.; Gabriel, S.; Willingham, A.; Sikasunge, C.; Siziya, S.; Vercruysse, J. Assessment of routine inspection methods
for porcine cysticercosis in Zambian village pigs. JHL 2006, 80, 69–72. [CrossRef] [PubMed]

25. Organización Mundial de la Salud (OMS). Teniasis y Cisticercosis. 2020. Available online: https://www.who.int/es/news-room/
fact-sheets/detail/taeniasis-cysticercosis (accessed on 19 September 2020).

26. Forero, J.C.G.; Rodríguez, M.M.R.; Arteaga, L.R.V. Determinación de la seroprevalencia de cisticercosis porcina e identificación de
teniasis humana en personas criadoras de cerdos en el área urbana del municipio de Coyaima Tolima. Rev. Med. 2017, 25, 31–45.
[CrossRef]

27. CystiTeam Group for Epidemiology and Modelling of Taenia solium Taeniasis/Cysticercosis. The World Health Organization 2030
goals for Taenia solium: Insights and perspectives from transmission dynamics modelling: CystiTeam Group for Epidemiology
and Modelling of Taenia solium Taeniasis/Cysticercosis. Gates Open Res. 2019, 3, 1546. [CrossRef]

28. Braae, U.C.; Magnussen, P.; Ndawi, B.; Harrison, W.; Lekule, F.; Johansen, M.V. Effect of repeated mass drug administration with
praziquantel and track and treat of taeniosis cases on the prevalence of taeniosis in Taenia solium endemic rural communities of
Tanzania. Acta Trop. 2017, 165, 246–251. [CrossRef] [PubMed]

29. Dorny, P.; Phiri, I.K.; Vercruysse, J.; Gabriël, S.; Willingham, A.L., III; Brandt, J.; Victor, B.; Speybroeck, N.; Berkvens, D. A Bayesian
approach for estimating values for prevalence and diagnostic test characteristics of porcine cysticercosis. Int. J. Parasitol. 2004, 34,
569–576. [CrossRef]

https://doi.org/10.3390/jcm9092786
https://doi.org/10.1016/j.tmaid.2017.12.006
https://www.ncbi.nlm.nih.gov/pubmed/29288739
https://www.ica.gov.co
https://doi.org/10.1016/j.ijpara.2005.07.015
https://iris.paho.org/handle/10665.2/51660
https://www.dane.gov.co/files/censo2018/informacion-tecnica/PERSONAS_DEMOGRAFICO_Cuadros_CNPV_2018.xlsx
https://www.dane.gov.co/files/censo2018/informacion-tecnica/PERSONAS_DEMOGRAFICO_Cuadros_CNPV_2018.xlsx
https://www.ica.gov.co/areas/pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018
https://www.ica.gov.co/areas/pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018
https://imbiomed.com.mx/1/1/articulos.php?method=showDetail&id_articulo=40905&id_seccion=2714&id_ejemplar=4193&id_revista=162
https://imbiomed.com.mx/1/1/articulos.php?method=showDetail&id_articulo=40905&id_seccion=2714&id_ejemplar=4193&id_revista=162
https://doi.org/10.4269/ajtmh.1990.43.194
https://www.ncbi.nlm.nih.gov/pubmed/2389823
https://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/3.09.05_Cisticercosis.pdf
https://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/3.09.05_Cisticercosis.pdf
https://doi.org/10.1186/s13071-017-2520-y
https://www.ncbi.nlm.nih.gov/pubmed/29145875
https://doi.org/10.1016/S0304-4017(02)00037-7
https://www.ncbi.nlm.nih.gov/pubmed/12031817
https://doi.org/10.1128/JCM.42.2.548-553.2004
https://www.ncbi.nlm.nih.gov/pubmed/14766815
http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1079/JOH2005314
https://www.ncbi.nlm.nih.gov/pubmed/16469176
https://www.who.int/es/news-room/fact-sheets/detail/taeniasis-cysticercosis
https://www.who.int/es/news-room/fact-sheets/detail/taeniasis-cysticercosis
https://doi.org/10.18359/rmed.2916
https://doi.org/10.12688/gatesopenres.13068.1
https://doi.org/10.1016/j.actatropica.2015.10.012
https://www.ncbi.nlm.nih.gov/pubmed/26597324
https://doi.org/10.1016/j.ijpara.2003.11.014


Pathogens 2024, 13, 311 12 of 13

30. Nguekam, A.; Zoli, A.P.; Vondou, L.; Pouedet, S.M.; Assana, E.; Dorny, P.; Brandt, J.; Losson, B.; Geerts, S. Kinetics of circulating
antigens in pigs experimentally infected with Taenia solium eggs. Vet. Parasitol. 2003, 111, 323–332. [CrossRef]

31. Praet, N.; Kanobana, K.; Kabwe, C.; Maketa, V.; Lukanu, P.; Lutumba, P.; Polman, K.; Matondo, P.; Speybroeck, N.; Dorny, P.; et al.
Taenia solium cysticercosis in the Democratic Republic of Congo: How does pork trade affect the transmission of the parasite?
PLoS Negl. Trop. Dis. 2010, 4, e817. [CrossRef] [PubMed]

32. Rodriguez, S.; Wilkins, P.; Dorny, P. Immunological and molecular diagnosis of cysticercosis. Pathog. Glob. Health 2012, 106,
286–298. [CrossRef] [PubMed]

33. Brandt, J.R.; Geerts, S.; De Deken, R.; Kumar, V.; Ceulemans, F.; Brijs, L.; Falla, N. A monoclonal antibody-based ELISA for the
detection of circulating excretory-secretory antigens in Taenia saginata cysticercosis. Int. J. Parasitol. 1992, 22, 471–477. [CrossRef]
[PubMed]

34. Harrison, L.J.; Joshua, G.W.; Wright, S.H.; Parkhouse, R.M. Specific detection of circulating surface/secreted glycoproteins of
viable cysticerci in Taenia saginata cysticercosis. Parasite Immunol. 1989, 11, 351–370. [CrossRef] [PubMed]

35. Deckers, N.; Kanobana, K.; Silva, M.; Gonzalez, A.E.; García, H.H.; Gilman, R.H.; Dorny, P. Serological responses in porcine
cysticercosis: A link with the parasitological outcome of infection. Int. J. Parasitol. 2008, 38, 1191–1198. [CrossRef] [PubMed]

36. Poudel, I.; Sah, K.; Subedi, S.; Kumar Singh, D.; Kushwaha, P.; Colston, A.; Gauci, C.G.; Donadeu, M.; Lightowlers, M.W.
Implementation of a practical and effective pilot intervention against transmission of Taenia solium by pigs in the Banke district of
Nepal. PLoS Negl. Trop. Dis. 2019, 13, e0006838. [CrossRef]

37. Acevedo-Nieto, E.C.; Pinto, P.S.A.; Silva, L.F.; Guimarães-Peixoto, R.P.M.; Santos, T.O.; Bevilacqua, P.D. Prevalence and risk
factors for porcine cysticercosis in rural communities of eastern Minas Gerais, Brazil. Pesqui. Vet. Bras. 2017, 37, 905–910.
[CrossRef]

38. Rodríguez-Hidalgo, R.; Benítez-Ortiz, W.; Dorny, P.; Geerts, S.; Geysen, D.; Ron-Román, J.; Proaño-Pérez, P.; Chávez-Larrea, M.A.;
Barrionuevo-Samaniego, M.; Celi-Erazo, M.; et al. Taeniosis-cysticercosis in man and animals in the Sierra of Northern Ecuador.
Vet. Parasitol. 2003, 118, 51–60. [CrossRef] [PubMed]

39. Khaing, T.A.; Bawm, S.; Wai, S.S.; Htut, Y.; Htun, L.L. Epidemiological Survey on Porcine Cysticercosis in Nay Pyi Taw Area,
Myanmar. J. Vet. Med. 2015, 2015, 340828. [CrossRef]

40. Singh, S.P.; Singh, B.B.; Kalambhe, D.G.; Pathak, D.; Aulakh, R.S.; Dhand, N.K. Prevalence and distribution of Taenia solium
cysticercosis in naturally infected pigs in Punjab, India. PLoS Negl. Trop. Dis. 2018, 12, e0006960. [CrossRef]

41. Sithole, M.I.; Bekker, J.L.; Tsotetsi-Khambule, A.M.; Mukaratirwa, S. Ineffectiveness of meat inspection in the detection of Taenia
solium cysticerci in pigs slaughtered at two abattoirs in the Eastern Cape Province of South Africa. Vet. Parasitol. Reg. Stud. Rep.
2019, 17, 100299. [CrossRef]

42. Da Silva, M.R.M.; Uyhara, C.N.S.; Silva, F.H.; Espindola, N.M.; Poleti, M.D.; Vaz, A.J.; Meirelles, F.V.; Maia, A.A.M.
Cysticercosis in experimentally and naturally infected pigs: Parasitological and immunological diagnosis. Vet. Bras. 2012, 32,
297–302. [CrossRef]

43. Lightowlers, M.W.; Assana, E.; Jayashi, C.M.; Gauci, C.G.; Donadeu, M. Sensitivity of partial carcass dissection for assessment of
porcine cysticercosis at necropsy. Int. J. Parasitol. 2015, 45, 815–818. [CrossRef] [PubMed]

44. Sato, M.O.; Sako, Y.; Nakao, M.; Yamasaki, H.; Nakaya, K.; Ito, A. Evaluation of Purified Taenia solium Glycoproteins and
Recombinant Antigens in the Serologic Detection of Human and Swine Cysticercosis. J. Infect. Dis. 2006, 194, 1783–1790.
[CrossRef] [PubMed]

45. Sreedevi, C.; Hafeez, M.; Kumar, P.A.; Rayulu, V.C.; Subramanyam, K.V.; Sudhakar, K. PCR test for detecting Taenia solium
cysticercosis in pig carcasses. Trop. Anim. Health Prod. 2012, 44, 95–99. [CrossRef]

46. Sarti Gutierrez, E.; Schantz, P.M.; Aguilera, J.; Lopez, A. Epidemiologic observations on porcine cysticercosis in a rural community
of Michoacan State, Mexico. Vet. Parasitol. 1992, 41, 195–201. [CrossRef]

47. Diaz, F.; Garcia, H.H.; Gilman, R.H.; Gonzales, A.E.; Castro, M.; Tsang, V.C.W.; Pilcher, J.B.; Vaswuez, L.E.; Lescano, M.; Carcamo,
C.; et al. Cysticercosis Working Group in Peru, epidemiology of taeniosis and cysticercosis in a Peruvian village. Am. J. Epidemiol.
1992, 135, 875–882. [CrossRef]

48. Shey-Njila, O.; Zoli, P.A.; Awah-Ndukum, J.; Nguekam; Assana, E.; Myambas, P.; Dorny, O.; Brandt, J.; Geerts, S. Porcine
cysticercosis in village pigs of North-West Cameroon. JHL 2003, 77, 351–354. [CrossRef]

49. Ngowi, H.A.; Kassuku, A.A.; Maeda, G.E.; Boa, M.E.; Carabin, H.; Willingham, A.L., III. Risk factors for the prevalence of porcine
cysticercosis in Mbulu District, Tanzania. Vet. Parasitol. 2004, 120, 275–283. [CrossRef]

50. Krecek, R.C.; Mohammed, H.; Michael, L.M.; Schantz, P.M.; Ntanjana, L.; Morey, L.; Rakem Werre, S.; Willingham, A.L., III. Risk
factors of porcine cysticercosis in the Eastern Cape Province, South Africa. PLoS ONE 2012, 7, e37718. [CrossRef]

51. Eshitera, E.E.; Githigia, S.M.; Kitala, P.; Thomas, L.F.; Fèvre, E.M.; Harrison, L.J.; Mwihia, E.W.; Otieno, R.O.; Ojiambo, F.; Maingi,
N. Prevalence of porcine cysticercosis and associated risk factors in Homa Bay District, Kenya. BMC Vet. Res. 2012, 8, 234.
[CrossRef] [PubMed]

52. Boa, M.E.; Mahundi, E.A.; Kassuku, A.A.; Willingham, A.L., 3rd; Kyvsgaard, N.C. Epidemiological survey of swine cysticercosis
using ante-mortem and post-mortem examination tests in the southern highlands of Tanzania. Vet. Parasitol. 2006, 139, 249–255.
[CrossRef] [PubMed]

https://doi.org/10.1016/S0304-4017(02)00391-6
https://doi.org/10.1371/journal.pntd.0000817
https://www.ncbi.nlm.nih.gov/pubmed/20838646
https://doi.org/10.1179/2047773212Y.0000000048
https://www.ncbi.nlm.nih.gov/pubmed/23265553
https://doi.org/10.1016/0020-7519(92)90148-E
https://www.ncbi.nlm.nih.gov/pubmed/1644522
https://doi.org/10.1111/j.1365-3024.1989.tb00673.x
https://www.ncbi.nlm.nih.gov/pubmed/2674862
https://doi.org/10.1016/j.ijpara.2008.01.005
https://www.ncbi.nlm.nih.gov/pubmed/18328486
https://doi.org/10.1371/journal.pntd.0006838
https://doi.org/10.1590/s0100-736x2017000900001
https://doi.org/10.1016/j.vetpar.2003.09.019
https://www.ncbi.nlm.nih.gov/pubmed/14651875
https://doi.org/10.1155/2015/340828
https://doi.org/10.1371/journal.pntd.0006960
https://doi.org/10.1016/j.vprsr.2019.100299
https://doi.org/10.1590/S0100-736X2012000400005
https://doi.org/10.1016/j.ijpara.2015.08.004
https://www.ncbi.nlm.nih.gov/pubmed/26385439
https://doi.org/10.1086/509262
https://www.ncbi.nlm.nih.gov/pubmed/17109353
https://doi.org/10.1007/s11250-011-9893-2
https://doi.org/10.1016/0304-4017(92)90079-O
https://doi.org/10.1093/oxfordjournals.aje.a116383
https://doi.org/10.1079/JOH2003179
https://doi.org/10.1016/j.vetpar.2004.01.015
https://doi.org/10.1371/journal.pone.0037718
https://doi.org/10.1186/1746-6148-8-234
https://www.ncbi.nlm.nih.gov/pubmed/23217158
https://doi.org/10.1016/j.vetpar.2006.02.012
https://www.ncbi.nlm.nih.gov/pubmed/16647211


Pathogens 2024, 13, 311 13 of 13

53. Sikasunge, C.S.; Phiri, I.K.; Phiri, A.M.; Dorny, P.; Siziya, S.; Willingham, A.L., 3rd. Risk factors associated with porcine
cysticercosis in selected districts of Eastern and Southern provinces of Zambia. Vet. Parasitol. 2007, 143, 59–66. [CrossRef]

54. Carabin, H.; Millogo, A.; Cissé, A.; Gabriël, S.; Sahlu, I.; Dorny, P.; Bauer, C.; Tarnagda, Z.; Covan, L.D.; Ganaba, R. Prevalence of
and factors associated with human cysticercosis in 60 villages in three provinces of Burkina Faso. PLoS Negl. Trop. Dis. 2015,
9, e0004248. [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.

https://doi.org/10.1016/j.vetpar.2006.07.023
https://doi.org/10.1371/journal.pntd.0004248

	Introduction 
	Materials and Methods 
	Study Area 
	Sample Size 
	Sublingual Inspection 
	ELISA 
	Postmortem Inspection 
	Histopathological Analysis 
	DNA Extraction and PCR 
	Household Questionnaire 
	Statistical Analysis 

	Results 
	General Description of Pig Backyards 
	General Description of Population 
	Frequency of Porcine Cysticercosis 
	Risk Factors for Porcine T. solium Cysticercosis 

	Discussion 
	Summary 
	References

