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Abstract. Infection of the brain with Taenia solium larvae (neurocysticercosis) is a leading cause of preventable
epilepsy worldwide. Effective and sustainable strategies to control parasite transmission in rural endemic communities
are needed to prevent the disease. Surveillance and targeted intervention around infected pigs (ring control strategy) have
been shown to be effective when carried out by research teams. However, this strategy has not been implemented or
tested as a community-based program. In this small trial in northern Peru, eight villages were randomly assigned to
community-led surveillance and treatment (five villages, 997 residents) or control (three villages, 1,192 residents). In
intervention villages, community-led surveillance and reporting were promoted by community health workers, radio
advertisement, and school and household education. Each suspected pig infection was verified, with confirmed cases
resulting in treatment with niclosamide for taeniasis and oxfendazole for pigs in clusters of homes nearby. No incentives
beyond human and pig treatment were offered. Control villages received basic disease education but no treatment
intervention in response to reports. Despite 14 case reports, community-based replication of ring control strategy did not
replicate prior results. After 12months, therewasnochange in seroincidence in intervention villagesbetween thebaseline
and study end, and no difference compared with control villages. There was no difference in prevalence of taeniasis or
porcine cysticercosis at study end. Community members described lack of knowledge as the main reason for not
reporting infected pigs. Further exploration of methods to transfer ring strategy and other control interventions for
cysticercosis to the community is needed.

INTRODUCTION

Pork tapeworm (Taenia solium) infection is a leading cause
of preventable epilepsy in low- andmiddle-incomecountries.1

Humans are the definitive host of this zoonosis, harboring the
adult tapeworm in the small intestine, a condition known as
taeniasis. Both humans and pigs can develop cysticercosis, a
soft tissue infectionwith larval stage T. solium.WhenT. solium
infects the human brain, it is known as neurocysticercosis
(NCC), a condition that can manifest in seizures, headache,
and other neurologic syndromes.2 In Latin America alone, an
estimated 400,000–1.35 million people have seizure disor-
ders attributable to NCC.3,4

Control interventions aimed at interrupting T. solium trans-
mission include mass screening and/or treatment of humans
for taeniasis,5–8 combined mass treatment of humans for tae-
niasis and pigs for cysticercosis,9,10 targeted treatment of
humans,11 vaccination of pigs,12–14 improved sanitation,15 meat
inspection,16 and health education.17–22 However, there is still
little understanding of how these interventions can be imple-
mented effectively and sustainably in impoverished rural areas
where T. solium is endemic. In a recent study, we tested an
approach based on case detection and targeted intervention
(ring control strategy) as an alternative to mass treatment,
resulting in a > 40% reduction in transmission over 1 year when
research teams carried out the intervention.11 It is unclear
whether this approach will be effective if implemented as a
community-based program in which communities themselves
assume the role for surveillance and treatment response.

The objective of this study was to pilot a community-based
program in which the surveillance and response activities
were passed to the communities. Under this program, vil-
lagers screened for and reported infected pigs to the local
health post, which in turn provided screening and treatment of
human taeniasis and porcine cysticercosis in homes within
100 m of the reported pig as the response. We conducted
a health education campaign to encourage community-
generated surveillance and reporting, trained community
health workers to collect reports, and worked with the local
health posts to establish protocols for screening and treat-
ment response. Because of the low number of reports, a
secondary objective of this study was added to define and
describe community-perceived barriers to reporting.

MATERIALS AND METHODS

Study design. This was a small prospective trial in which
eightvillageswere randomlyselected to receive the intervention
(N = 5) or control (N = 3) for 12 months, with a 4-month lead in
time to measure baseline incidence. Household- and school-
based education about the parasite life cycle and methods to
prevent infection were offered in all villages. A local surveillance
and response system was established in intervention villages
along with a campaign to promote reporting of infected pigs. No
surveillance system was established or promoted in the control
villages. The primary study outcome was porcine seroincidence
measured every 4 months; secondary outcomes included the
prevalenceofporcinecysticercosisandhuman taeniasisat study
end. A survey to identify barriers to report was applied 8 months
into the study after suboptimal reporting was observed.
Study site and participants. The study was conducted in

Piura, a province in northern Peru, where T. solium remains
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endemic. The region is arid much of the year with the excep-
tion of a 3-month rainy season. Villagers commonly raise small
number of pigs as a source of income and as a highly desired
source ofmeat. Pigs are commonly allowed to roamoutside of
corrals throughout the village to forage. Latrine coverage
across study villages at baseline was 67.5%. The average
education level among adults is sixth grade.We selected eight
eligible study villages in the same region based on their simi-
larity of size, terrain, and pig-rearing practices. The eight
villages were randomly assigned to the intervention or control
group using a computer algorithm. The algorithm was re-
peated until the human population in both groups was ap-
proximately equal (within 10% of the total study population
divided by 2). The closest distance between any two villages
with opposing assignment was 5 km, a distance deemed
sufficient to adequately limit any risk of contamination. One
village had a health post in the community, whereas the re-
mainder had a health post within 3–15 km. Each village had
one or more community health workers who were involved
and trained to assist in reporting cases to the health post.
None of the villages had existing strategies for T. solium
control in place. The interest of village leaders and other
stakeholders was also considered in village selection. No
previous cysticercosis control studies had been conducted in
the study area. All residents of the study communities were
invited to participate in the study. Children younger than 2
years of age were included in the census but excluded from
the screening and treatment activities.
Enrollment, census, and mapping. Enrollment of partici-

pants was accomplished by visits to all households in study
communities. Household characteristics including occu-
pancy, infrastructure (latrines, electricity, and water), and
animal-rearing practices were collected using a structured
questionnaire, as were individual-level characteristics in-
cluding age, sex, and education-level. Latitude and longitude
coordinates of each house were collected using global posi-
tioning system receivers (GeoExplorer II; Trimble, Sunnyvale,
CA) and postprocessed using differential correction for sub-
meter accuracy. ArcMAP 10 GIS software (ESRI, Redlands,
CA) was used to map each village, and 100-m buffers were
created for each household to define neighboring households
that would be included in any subsequent interventions
resulting from disease reports.
Educationactivities inall studyvillages.Onenrollment, all

study households, regardless of study arm, were provided
with a 15- to 20-minute basic educational talk about the
T. solium life cycle and prevention methods. Cartoon repre-
sentations of life cycle, pig tongue examination, and pre-
vention methods were developed with the help of community
members and used as visual aids during the educational
sessions (see Supplemental Figure). School-based education
directed at all elementary through high school students was
also provided in two 60-minute lessons which focused on
modes of transmission and methods of prevention using
games, homework, stories, and lectures. Additional informa-
tion regarding surveillance and reporting, detailed in the fol-
lowingparagraphs,wasprovided in schools in the intervention
villages only.
Establishment and promotion of surveillance system

in the intervention villages. In intervention communities
only, community leaders, key actors (political and religious
authorities, community health workers, pig farmers, and

vendors), and the Ministry of Health were given detailed in-
formation about the study in two educational sessions. The
surveillance system was setup within the existing health in-
frastructure and organization through consultation with these
stakeholders. The study team collaborated with health posts
and community health workers throughout the intervention.
Surveillance for infected pigs was carried out by village

residents using two techniques: 1) pig tongue inspection
during intermittent checks by owner or at the time of purchase
of a live pig and 2) careful inspection ofmeat after slaughter for
visible cysts. Typically, pig traders carry out tongue inspection
with pig owners at the point of sale. Traders within the com-
munity were identified and visited in their homes to explain the
intervention, including how to report a case to health post or
community health workers. Community health workers from
each village were trained to receive reports of pig infection or
contaminated pork, to document photographic evidence of
the infection whenever possible, and to communicate case
reports to the local health posts. When photographic confir-
mation was not possible, the health post worker spoke with
the reporting individual or community health worker to verify
that the community-identified tissue lesion matched the de-
scription of T. solium cysts. The study team was present to
support health post staff in verifying case reports. Profes-
sionals at the health posts were trained to investigate and
report confirmed cases to the regional Ministry of Health Of-
fice of Epidemiology, which would then trigger the treatment
response. The regional Office of Epidemiology added
taeniasis/cysticercosis to their monthly communicable dis-
ease reports.
Promotion of villager participation in surveillance and

reporting was carried out through door-to-door visits, initially
by study staff and subsequently by community health work-
ers. Tongue examination (palpation of the pig’s tongue for
cysts) was reviewed and recommended as a preferred way to
detect heavily infected pigs before the time of slaughter, as
treatment of these pigs would be provided in the response
which could potentially preserve the value of the animal. In-
spection of meat after slaughter was encouraged as an ad-
ditional form of surveillance, although it was stressed that the
value of the meat at this point could not be recuperated. Vil-
lagers were instructed on how to report porcine cysticercosis
cases to the community health workers or directly to the local
health post.
Community training workshops on surveillance methods

(inspecting pig tongues for cysts; identifying infected meat)
were held at the beginning of the study. Ongoing promotion
and diffusion of the intervention were carried out with
community-wide distribution of informative material (calen-
dars, posters, brochures, and key chains) and radio spots
explaining how to identify and report infected pigs (See
Supplemental Figure).
Response to confirmed reports.The local health postwas

responsible for carrying out the treatment response for all
reported cases of porcine cysticercosis and for providing final
reports to the Office of Epidemiology. Given staffing short-
age and turnover of personnel, the local health posts re-
quested the study staff to assist with providing treatment. The
treatment response involved identifying all households lo-
cated within 100m (rings) of the house where the reported pig
was raised, and provision of presumptive treatment of taeni-
asis to all residents of these homes, as well as treatment of
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porcine cysticercosis for all pigs raised by these households.
Treatment of taeniasis was offered twice (days 1 and 14) at a
standard dose of oral niclosamide by weight (1 g for 1–34 kg;
1.5 g for 35–50 kg; and 2 g for > 50 kg, per dose). Two doses of
niclosamide were administered to decrease treatment failure
among participants treated during targeted response within a
ring.23,24 All pigs within the radius were treated with oxfen-
dazole (30mg/kg, liveweight) in a single oral drench dose, and
residents were instructed not to slaughter these animals for at
least 3 weeks after treatment. Adverse effects of niclosamide
and oxfendazole were monitored through door-to-door
follow-up 24 hours after administration.
In control communities, spontaneous case reports were

met with the standard-of-care recommendation to eliminate
infected meat by incineration or burial to prevent human
consumption. No treatment was offered for pigs or humans.
No additional education was provided.
Periodicserosurveys tomeasureporcineseroincidence.

The primary outcome measure was seroincidence of anti-
bodies against T. solium cysticercosis among pigs born during
the intervention. Study veterinary teams went door-to-door
every 4 months to capture all pigs in both intervention and
control villages, toplaceanear tagwithunique identifier, and to
collect a blood sample. Pigs aged 2–4 months were entered
into a cohort and seronegative animals or those becoming
seronegative (assumedly by loss of maternal antibodies) were
followed serologically using lentil-lectin glycoprotein electro-
immunotransfer blot (LLGP EITB) until they seroconverted to
positiveorwere lost to follow-up. Seropositivitywasdefinedas
reactivity to any of the glycoprotein antigens present in the
LLGP EITB (GP42, GP24, GP21, GP18, GP14, and GP13) with
the exception of the larger molecular weight GP50 band. The
GP50 band was not considered, given recent studies sug-
gesting cross-reactivity with Taenia hydatigena, which is en-
demic to this region.25

Mass screening for taeniasis at study end. The preva-
lence of taeniasis at the end of the study was a secondary
outcome. Study staff went door-to-door to offer mass treat-
ment with a single oral dose of niclosamide to all residents
aged 2 years or older and instructed them in hygienic collec-
tion of the first posttreatment stool. We left a 500-mL plastic
container with a secure lid with each participant and returned
within 24 hours to collect the sample. We visually examined
whole stools for intact worms or segments and collected
10 mL aliquots of stool in 40 mL of 5% formol-phosphate–
buffered saline. These samples were processed by enzyme-
linked immunosorbent assay (ELISA) to detect Taenia sp.
coproantigens as previously described.26 Samples with an
optical density (OD) ratio of ³ 20, defined as the OD of the
sample divided by the OD of a strong positive T. solium
control, were considered to be positive. In positive samples
only, we also evaluated the sample for the presence of
Taenia sp. eggs using rapid sedimentation and light mi-
croscopy. All participants who tested positive for taeniasis
were followed by repeat stool screening and treatment as
needed until cured.23

Culling and necropsy of seropositive pigs at study end.
The prevalence of porcine cysticercosis was also determined
at the end of the study as an additional outcome measure.
Using the result of the final serosurvey, we returned to all
villages and offered to purchase seropositive pigs regardless
of cohort and treatment status. Purchased pigs were

transported to the animal facilities at the Center for Global
Health, Tumbes, where they were anesthetized and hu-
manely euthanized, then dissected in entirety using fine slices
of < 3 mm. Further details of the necropsy methods can be
found elsewhere.27

Barriers to report survey.After 8months of intervention, in
response to few reports of infected pigs, a 27-question survey
was administered to a random sample of 30% of households
(N = 166/568) from both intervention and control communities
in an attempt to better understand perceived barriers to
reporting. Detailed demographic characteristics including
family makeup and wealth measures, along with assessment
of risk factors (open-defecation practices) and porcine cysti-
cercosis surveillance practices (tongue examination andother
techniques) were collected. The final portion of the survey
inquired about surveillance practices and observed cases of
the disease over the intervention period and perceived bar-
riers to surveillance and report of detected cases.
Statistical methods. We analyzed all data in STATA SE14

(StataCorp, College Station, TX).We used χ2 tests to compare
distributions of proportions between pairs of categorical
measures. We used t tests to compare means of continuous
variables. All tests were two-sided with significance set at
0.05. We used Poisson family Generalized Estimating Equa-
tions with a log link and robust sandwich-type errors to esti-
mate population-averaged seroincidence among pigs while
accounting for the effect of intra-household clustering. We
usedquasi-likelihood information criteria to select theworking
correlation structure and the variables to include in the final
model.28,29 The outcome variable was the count of pig sero-
conversions to positive aggregated by house and sampling
period, and stratified by covariates including intervention
group, pig age in months, and presence of latrine. The offset
variable for analysis was the log of the total observed pig-
months per strata. We report population-averaged seroinci-
dence as the number of new seroconversions per 100 pigs per
month during each 4-month sampling interval. We report un-
adjusted prevalence of human taeniasis and porcine cysti-
cercosis at study end.
Ethics statement. This study was reviewed and approved

by the Institutional ReviewBoards at the Universidad Peruana
Cayetano Heredia (UPCH) and at Oregon Health & Science
University (OHSU). All adult participants provided written in-
formed consent. Written informed consent from a parent or
guardian was required for participation of minors. The study
was reviewed and approved by the Institutional Ethics Com-
mittee for the Use of Animals at UPCH and the Institutional
Animal Use and Care Committee at OHSU. Treatment of an-
imals adhered to theCouncil for International Organizations of
Medical Sciences International Guiding Principles for Bio-
medical Research Involving Animals.

RESULTS

Village characteristics and census data. The study pop-
ulation included 2,189 people, with 997 (45.6%) in five in-
tervention communities and 1,192 (54.4%) in three control
communities. Thirty-seven children were ineligible for taeni-
asis screening based on age criteria (younger than 2 years).
Population characteristics were similar between intervention
and control villages with the exception of a greater average
number of pigs raised by pig owners (4.5 versus 3.5) and fewer
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homes with electricity (80.6% versus 93.6%) in intervention
communities (Table 1).
Reports of infected meat and treatment response. Dur-

ing the 12-month study period, intervention community
members reported 14 cases of infected meat to the health
post. By comparison, control community members reported
five cases of infected meat over the same time. Of the 19
reports, 16were promptedbypig tongue inspection; six by pig
traders, six by pig owners, and four by other residents who
intended to purchase the pigs. Two reports were made by pig
owners after identification of infectedmeat after slaughter and
one was made by the owner of a local slaughter house. In
control communities, most of the case reports occurred at the
study beginning compared with intervention communities
where reportswere evenly distributed throughout the duration
of the study.
In the study, 376 humans (80.1% of all eligible individuals;

33.3% of the entire population in intervention villages) re-
ceived at least one dose of niclosamide and 238 pigs (72.1%
of eligible animals; 38% of all pigs) received treatment with
oxfendazole. No humans or pigs received treatment in the
control village (Table 2).
SeroincidenceofT. soliumantibodies in pigs.Therewere

1,250 pigs in the cohort including 615 (49.2%) in the in-
tervention villages and 635 (50.8%) in the control. These pigs
generated a total of 1,795 serumsamples over 12months; 788
(63.0%) pigs had one sample, 379 (30.3%) had two samples,
and 83 (6.6%) had three samples. One hundred and sixty-two
samples were censored based on the pig previously sero-
converting to positive, leaving a total of 1,633 samples for
incidence calculations. The population-averaged seroinci-
denceat thebaseline of the studysamplewas8.9%permonth
(95% confidence interval [CI]: 5.2–15.2) in intervention com-
munities and 7.9% (95%CI: 4.6–13.8) in control communities.
There was no difference in the seroincidence over time in the
intervention versus control villages (Figure 1).
Porcinecysticercosis andhuman taeniasis at studyend.

There was no significant difference in the prevalence of por-
cine cysticercosis or human taeniasis between control and
intervention groups at study end. Villagers were reluctant to
sell their pigs for necropsy based on serologic results; only
158/433 (36%) total seropositive pigs were purchased for
necropsy including 80 (50.6%) from the intervention villages,
of which 22/80 (27.5%) were infected with live, viable cysts,
and 78 (49.4%) from the control, of which 27/78 (34.6%) were

infected (P = 0.3). Detailed results of the necropsy, including
cyst burden and type, have been reported elsewhere.27

Posttreatment stool samples were collected from a total of
1,509/1,948 (77.5%) participants over 2 years of age, with
equal participation in both intervention (678/875, 77.4%) and
control (831/1,073, 77.4%) villages. Therewere 15/831 (1.8%)
cases of taeniasis in the intervention villages and 19/678
(2.8%) in the control (P= 0.2). Of the 34 total cases of taeniasis
identified by coproantigen ELISA, 21 (61.8%) had Taenia sp.
eggs present in the stool.
Barrier analysis. The barrier analysis survey administered in

month eight of the intervention was collected from 166 ran-
domly selected households across all communities.Most (125/
166, 75%) respondents were female. Most (116/166, 70%)
households raised pigs and 41/116 (35%) of surveyed houses
with pigs reported having a pig with cysts that they did not
report during the study period, with a significant difference
(P = 0.001) in the proportion of those who lived in intervention
communities (9/41, 22%) and those who lived in control com-
munities (32/41, 78%). Among those who did not report a
known infected pig, themost commonly stated barrier was lack
of knowledge of how to report a case (N = 5; 55% intervention;
N = 11; 34% control), followed by general lack of knowledge of
the intervention (N = 2; 22% intervention; N = 7; 22% control).
Less commonly stated barriers included perceived lack of im-
portance of reporting a case (N = 1; 11% intervention; N = 4;
12.5%; control) and fear of reporting (N = 1; 11% intervention;
N = 4; 12.5% control). Poor access to health posts was also
stated once (N = 2; 6% control). Men more commonly stated
lack of technical knowledge (pig tongue examination) as a
barrier to report, whereas women more commonly stated lack
of motivation as a barrier across all communities.
Among those surveyed in all communities, pig owners who

did not check their pig’s tongues as a form of active disease
surveillance (N = 50) most commonly stated a lack of knowl-
edge of how to inspect tongues (N = 18; 36%) as a barrier to
surveillance. In addition, many respondents stated more
generally that they “didn’t know” (N = 23; 46%). Lack of mo-
tivation (N = 7; 14%) and fear (N = 2; 4%) were also stated
barriers.
When askedwhat should be done to increase the number of

reports in the community, 74% (N = 123) of respondents
stated that they believed more education would improve
reporting outcomes. The remaining respondents suggested
thatmunicipal ordinancesmandating report (N= 40; 24%) and
replacement of infected pigs with uninfected pigs (N = 3; 2%)
would help motivate report at the community level.

DISCUSSION

In this pilot study, community-led surveillance and reporting
did not reduce transmission of T. solium in endemic commu-
nities in contrast to previous results from a research team–led
intervention study.11 Despite more reports of positive pigs,
there was no change in the seroincidence of cysticercosis
amongpigsover 1 year in the intervention communities andno
difference in seroincidence between intervention and control
groups. Furthermore, there was also no significant difference
in the final prevalence of taeniasis or porcine cysticercosis
between study groups. This outcome suggests that transfer
of ring strategy to the community will require different
approaches to education and participation, as well as

TABLE 1
Characteristics of intervention and control villages, Piura, Peru

Intervention Control

Villages, no. 5 3
Residents, no. 997 1,192
Households, no. 266 302
Single family dwelling, no. (%) 223 (86.4) 249 (88.6)
Houses with latrines, no. (%) 167 (64.7) 164 (58.4)
Houses with treated water, no. (%) 166 (63.9) 183 (60.8)
Houses with electricity, no. (%)* 208 (80.6) 263 (93.6)
Houses raising pigs, no. (%) 176 (66.2) 185 (61.3)
Corral present on property, n (%) 87 (49.3) 95 (51.4)
Mean no. of pigs raised (SD)* 4.4 (4.4) 3.5 (3.4)
Mean no. of residents per house (SD) 3.7 (2.0) 3.9 (1.9)
Mean no. of rooms per house (SD) 3.5 (1.5) 3.4 (1.6)
SD = standard deviation.
*P < 0.05.
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interventions that simultaneously address community-
identified barriers to reporting. The barrier analysis applied
during the study sheds light on numerous factors which
resulted in suboptimal community report. Collectively, these
findings can inform the development of future approaches to
improve the likelihood of resident participation in surveillance
and reporting.
A comparable study that investigated the effectiveness of

ring strategy where case detection was carried out by re-
search teams that actively surveyed the live pig population
every 4 months found 34 cases (30 tongue positive; four
slaughter positive) over a 1-year period in a demographically

comparable population to the intervention communities. In
that study, subsequent screening and treatment of taeniasis in
neighboring homes resulted in the diagnosis and treatment of
35 people with taeniasis. Overall, the result was a 41% re-
duction in seroincidence and significantly lower prevalence of
taeniasis in intervention communities compared with control
communities after 1 year. The null effect in the community-led
intervention reported here is likely attributable to a lack of
reporting (only 14 reports), which resulted in insufficient ap-
plication of antiparasitic treatment to noticeably affect overall
transmission. The barrier analysis conducted late in the study
indicated that there were infected pigs detected in the com-
munity but not reported, suggesting that a number of barriers
between detection and reporting could have diminished the
level of disease control (Figure 2). In addition, relatively low
participation of both humans and pigs eligible to receive
treatment during formed rings could have diminished the ef-
fectiveness of ring strategy in this setting.
The key community-described barriers to surveillance and

case report, lack of knowledge and the social and economic
disincentives to case report, are outlined in a conceptual
model generated based on community responses shared in
the barrier analysis survey (Figure 2). Most of the adults stated
lack of knowledge of the intervention, which suggests that the
chosen educational activities were ineffective or poorly tar-
geted. Disproportionate focus on school-based strategies
mayhave incorrectly assumed that child-to-parent diffusion of
knowledge would be sufficient to result in adult behavior
changeof surveillance and reporting practices.More attention
to direct adult education and surveillance skills building
(tongue and meat inspection) is likely necessary to increase
both surveillance and subsequent reporting. Moreover,
clearer consistentmessaging aroundhow to report a case and
the treatment benefits of reporting was needed.
The negative economic consequences and accompanying

fear and stigma associated with identifying an infected pig
were additional factors that likely limited reporting. In the study
region, people raise free-roaming pigs to save money for un-
anticipated costs. The loss of a pig to cysticercosis infection
causes substantial immediate economic losses to the owner
(up to 75% of the monthly family income) in the precise mo-
ment the income is most needed (Brian Garvey, Personal
communication).Moreover, reporting infectedmeat poses the
potential risk of future loss of pig sales because of decreased
interest from pig buyers, who are also negatively impacted by

FIGURE 1. Population-averaged seroincidence among 100 un-
exposed (at risk) pigs permonth in intervention villages comparedwith
control villages. Error bars represent 95% confidence interval (CI).
Accompanying table shows number of total samples and seropositive
samples per round, total number of pig-months contributed, crude
and population-averaged incidence, and the incidence rate ratio (IRR)
and 95% CI for each time point relative to baseline in both interven-
tion and control groups.

TABLE 2
Coverage of human and pig treatment within 100-m rings around reported pigs

Eligible houses (no.) Eligible humans (no.) Received one dose no. (%) Received two doses no. (%) Eligible pigs (no.) Received one dose no. (%)

8 31 24 (77.4) 22 (71.0) 33 24 (72.7)
13 47 41 (87.2) 37 (76.6) 43 37 (86.0)
11 43 35 (81.4) 34 (79.1) 24 18 (75.0)
27 91 71 (75.0) 62 (68.1) 49 37 (75.5)
18 32 28 (87.5) 22 (69.0) 27 19 (70.3)
3 14 11 (78.6) 8 (57.1) 9 7 (77.6)
5 18 17 (94.4) 11 (61.1) 26 18 (69.2)
6 27 18 (66.7) 16 (59.3) 12 7 (58.3)
8 26 22 (84.6) 18 (60.2) 27 21 (77.8)

12 45 33 (68.8) 27 (56.3) 22 20 (90.9)
7 24 15 (62.5) 15 (62.3) 9 7 (77.8)
2 7 7 (100) 7 (100) 18 11 (61.1)
8 42 36 (85.7) 36 (85.7) 24 7 (29.2)
5 19 18 (94.7) 18 (94.7) 7 5 (71.4)

Total 469 376 (80.1) 332 (70.1) 330 238 (72.1)
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purchasing pigs that turn out to be infected. Many individuals
either elect to sell the pig at reduced prices to recoup a portion
of lost revenue, consume the meat within the household, or
discretely dispose the meat to minimize loss of future sale
opportunities. Although the intervention sought to minimize
disease stigma through educational activities and to normal-
ize reporting, the intervention may not have balanced or
mitigated the various economic disincentives of pig report.
This pilot study also revealed aspects of institutional-level

coordination that are necessary for effective, sustainable
implementation of the ring strategy at the community level.
The timely response to a report of an infected pig requires
parallel action by different institutions: human taeniasis
treatment (led by the Ministry of Health) and porcine cysti-
cercosis treatment (led by the Ministry of Agriculture). Partic-
ularly, in the setting of limited human and financial resources
with high turnover of personnel, achieving a timely dual-
institutional response was a consistent challenge and an area
of frustration for local residents. A timely response is critical:
when achieved, it acts as a positive reinforcement for com-
munity report, given all the disincentives to report; when not
achieved, it acts to foster and perpetuate distrust in institu-
tions, creating disincentives to future reporting. Thus, well-
coordinated and consistent institutional responses to report
are essential for future development and implementation of
sustainable community-led strategies.
There are a number of important limitations of this study

which should be considered in interpreting and generalizing
results. First, this was a small pilot study conducted in a single
region of rural Peru. The cultural context and community
structure are likely to play an important role in participation
and acceptance of this community-level intervention, so we
cannot rule out a different outcome had we conducted the
study elsewhere. Second, the study did not incorporate
knowledge, attitude, or practice metrics or other measures of

cognitive behavioral change; thus, therewas nomeasurement
of baseline or intermediate educational effects.30 The study
was only designed to detect changes in disease transmission
and did not detect intermediate changes that may have
allowed better direction of the education during the in-
tervention. Finally, it is possible that a limited follow-up period
of 12monthswas not sufficient to accurately capture changes
in disease transmission or intermediate processes of behav-
ioral change.
Current evidence suggests that taeniasis/cysticercosis

caused by T. solium is potentially eliminable24 and wide-
spread control interventions are unlikely to be sustainable
without active community participation. The data here pre-
sented suggest that transferring intervention responsibilities
to the population is not easy and is subject tomultiple barriers.
As such, there is a need for further exploration of methods of
transferring ring strategy and other control interventions for
cysticercosis to the community. Adult engagement through
education and capacity building should be explored as
methods to mitigate the barriers to knowledge, low partici-
pation, stigma of report, and perceived lack of capacity that
were encountered in this trial. Furthermore, a deeper analysis
and exploration of how to balance the significant but
unquantified economic disincentives of report are needed in
light of the role they likely play in reducing reports of detected
pig infection. We are currently undertaking a second pilot in-
tervention of community-led ring surveillance and control to
investigate the effects of incorporating participatory research
methodologies that focus on the democratization of disease-
related evidence and more direct involvement of community
members.30–32 This study incorporates measures that cap-
ture intermediate measures of behavior change including
knowledge, attitudes, and practices, and address the role
economic incentivesmay play in stimulating community-wide
report.

FIGURE 2. Conceptual model for steps leading to report, including community-described barriers to report and participation, based on com-
munity responses to barrier analysis and study evaluation.
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21. de Aluja AS, Suárez-Marı́n R, Sciutto-Conde E, Morales-Soto J,
Martı́nez-Maya JJ, Villalobos N, 2014. Evaluation of the impact
of a control program against taeniasis-cysticercosis (Taenia
solium). Salud Publica Mex 56: 259–265.

22. Mwidunda SA, Carabin H, Matuja WBM, Winkler AS, Ngowi HA,
2015. A school based cluster randomised health education
intervention trial for improving knowledge and attitudes related
to Taenia solium cysticercosis and taeniasis in Mbulu district,
northern Tanzania. PLoS One 10: e0118541.

23. Bustos JA et al., 2012. Detection of Taenia solium taeniasis
coproantigen is an early indicator of treatment failure for tae-
niasis. Clin Vaccine Immunol 19: 570–573.

24. Garcia HH et al., 2016. Elimination of Taenia solium transmission
in northern Peru. N Engl J Med 374: 2335–2344.

25. Muro C et al., 2017. Porcine cysticercosis: possible cross-
reactivity of Taenia hydatigena to GP50 antigen in the enzyme-
linked immunoelectrotransfer blot assay. Am J Trop Med Hyg
97: 1830–1832.

26. Guezala M-C, Rodriguez S, Zamora H, Garcia HH, Gonzalez AE,
Tembo A, Allan JC, Craig PS, 2009. Development of a species-
specificcoproantigenELISA for humanTaenia solium taeniasis.
Am J Trop Med Hyg 81: 433–437.

27. Flecker RH, Pray IW, Santivaňez SJ, Ayvar V, Gamboa R, Muro C,
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