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1. Supplementary information on the methods including the statistical analyses: 

1.1. Study overview 

‘CYSTISTOP’ is a prospective, large-scale community-based interventional project being conducted in 

the neighboring Katete and Sinda districts in the Eastern Province of Zambia, where poor sanitation 

and free-roaming pigs are common. The study areas were selected based on previous epidemiological 

studies in the region, occurrence of risk factors, accessibility throughout the year and community 

willingness to participate.  

In the ‘elimination study arm’ (8 villages, 1084 people, 184 pigs at baseline), intensive human- and pig-

based interventions including health education were implemented at high frequency, endeavoring to 

achieve elimination within two years. In the ‘negative control study arm’ (7 villages, 1329 people, 290 

pigs at baseline), only annual health education was conducted.   

 

1.2. Intervention delivery  

Briefly, mass anthelmintic administration to eligible humans (praziquantel, 10 mg/kg, or niclosamide 

2 g if participant tested seropositive for cysticercosis at baseline) and pigs (oxfendazole, 30 mg/kg), 

pig vaccination (TSOL-18 vaccine 1 ml) and human health education were conducted in all elimination 

villages every four months for a total of six iterations. This intervention was selected as it 

demonstrated the highest probability of achieving elimination in the ‘cystiSim’ agent-based simulated 

model for T. solium (1). Human health education was delivered in the negative control study arm 

annually for a total of three iterations.  

 

1.2.1. Human treatment  

Mass drug administration was conducted using praziquantel at 10 mg/kg per os, which is the standard 

treatment for taeniosis in Zambia. For the 86 individuals (7.8% of total population) who tested 

seropositive for cysticercosis by B158/B60 antigen ELISA at baseline (data not shown), niclosamide 

was given at standard doses (1 g for children five to six years of age, 2 g for adults and children aged 
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seven years and above). Niclosamide has a lower efficacy than praziquantel (nearly 80% versus 95-

100%) but does not have cysticidal activity and is therefore recommended for treatment of taeniosis 

in people who also have cysticercosis (2). 

Eligibility criteria for anthelmintic treatment were being at least five years of age, not epileptic or 

seriously ill, living in the study area, and being willing and able to sign the informed consent form and 

take the treatment.  

Anthelmintic therapy was given as direct observed treatments by qualified medical personnel and 

under the supervision of a medical doctor. Human study participants were monitored by the team’s 

medical doctor for three days after the interventions in case of adverse reactions. 

1.2.2. Oxfendazole treatment and vaccination of pigs  

All eligible pigs were weighed, and administered an oral drench of oxfendazole at a dose rate of 30 

mg/kg (Paranthic™ 10%, MCI Sante Animale, Morocco), as well as 1 mL of TSOL18 vaccine (CYSVAX™, 

Indian Immunologicals Limited, India) by intramuscular injection into the neck. Oxfendazole is 

considered to be 100% effective at destroying T. solium cysticerci, but degenerating cysts may take 

between three to six months to completely disappear from tissues (3, 4). TSOL18 vaccine is 99.5-100% 

effective at preventing porcine cysticercosis, providing pigs have received two doses of vaccine at an 

interval of no more than five months (5, 6). 

Eligible pigs were those aged two months or older, not clinically ill or within four weeks of farrowing, 

and whose owners had signed the informed consent form. 

Treated/vaccinated pigs were ear-tagged and identified with their unique identification code, which 

included a tally system to record the number of vaccine doses received over the course of the 

intervention period. All pig handling and treatments were performed by qualified veterinary 

personnel.  

1.2.3. Human health education  
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Educational activities included village-based sensitization sessions, T. solium life cycle posters 

displayed at the rural health centers, simple informational leaflets distributed to every household 

during registration, and educational workshops in primary schools using the computer-based 

cysticercosis advocacy program ‘The Vicious Worm’ (7,8).  

1.3. Outcome measurements  

 

Sampling conducted in the study arms at baseline (pigs/humans) and post-intervention (pigs/human) 

evaluated intervention success. Pigs were used as sentinel animals due to high turnover in study 

villages (generally slaughtered in their first year of life). Porcine cysticercosis prevalence was the 

primary outcome measure, determined by the ‘gold standard’ carcass dissection technique performed 

on slaughter-aged pigs. Humans taeniosis prevalence, determined by coproAg ELISA was the 

secondary outcome measure. 

 
1.3.1. Primary outcome assessment by carcass dissection of pigs 

The sampling strategy for pigs at baseline was one eligible slaughter-aged pig per pig-keeping 

household. Due to the limited pig numbers at post-intervention, between one and four pigs were 

selected from pig-keeping households. 

Pigs were euthanized by qualified veterinary personnel using a captive bolt gun followed by 

exsanguination. Carcasses were bisected longitudinally, skin and bones removed, and all organs and 

muscles removed. Incisions of no more than 3 mm apart were made in all predilection sites 

(masseters, heart, tongue, psoas, diaphragm, neck), other organs, and remaining musculature from 

half the carcass for identification of cysticerci, including those of the related tapeworm species Taenia 

hydatigena if present. If no cysticerci were identified in the first half of a carcass, the second half was 

subsequently dissected.  

Numbers, locations and developmental stages of all cysticerci were recorded, and if present a 

selection of muscular cysticerci, cysticerci located in organs or other unusual locations, and any 
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suspected cysticerci were excised and collected into individual, labelled tubes for transport to Belgium 

for analysis. Molecular speciation of cysticerci was conducted by polymerase chain reaction followed 

by restriction fragment length polymorphism (PCR-RFLP), as described by (9). 

 

1.3.2. Secondary outcome assessment by human stool sampling (elimination arm 

only) 

At baseline, stool samples for taeniosis testing were requested from one adult and one child (if 

applicable) per household, whereas for the post-intervention sampling, samples were requested from 

all eligible people. Stool sampling was conducted by distributing labelled sample bottles in small black 

plastic bags to recruited individuals.  

Participants were asked to fill at least half the sample bottle with stool and to return the sample to 

the study team either the same day or the following morning. 

Human stool samples were individually divided into formalin and ethanol aliquots, and stored at 

room temperature (formalin) or 4°C (ethanol) until transport to Lusaka for analysis. Samples on 

formalin were subjected to the polyclonal antibody-based copro-AgELISA, for detection of Taenia 

tapeworm antigens in feces (10).  

 

1.4. Statistical analysis 

To determine the number of pigs for post mortem sampling it was calculated that 34 to 40 animals 

would be required per study arm. The objective was to show a reduction in prevalence rather than 

absence of disease, as the latter required a sample size greater than the actual pig populations in the 

study areas. The calculations were based on an 80% power to detect an 80% reduction in prevalence, 

and assuming an initial prevalence of 25-30%, using a one-sided likelihood ratio test at the 5% 
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significance level. Calculations were performed using SAS 9.3, with the TWOSAMPLEFREQ command 

in the PROC POWER procedure. 

Data were double-entered into EpiData (http://www.epidata.dk/, v3.1) or EpiCollect5 

(http://www.epicollect.net/). The effect on the prevalence of porcine cysticercosis was estimated 

using a generalized linear mixed model for binomial data. Covariates included study arm (negative 

control versus elimination), study time point (baseline versus post-intervention), and the interaction 

between both, representing the effect of the elimination program controlled for random fluctuations 

in prevalence. Study village was included as random effect. Likewise, the effect on the taeniosis 

prevalence was estimated using a generalized linear mixed model for binomial data with study time 

point as covariate and study village as random effect. 

 

All models were implemented in a Bayesian framework using Stan (11) via the brms package for R 

3.5.1 (12, 13). For each model, four chains of 2000 iterations were run, of which the first 1000 were 

discarded as warm-up. Convergence was ascertained by inspecting density and trace plots, and by 

numerical verification that the potential scale reduction factor was below 1.1. The posterior 

distributions were summarized by their median and a 95% uncertainty interval defined as the 

distribution’s 2.5th and 97.5th percentile. Two-tailed pseudo P-values for coefficients were calculated 

as 2 ∗ min[Pr(𝛽𝛽 < 0) , Pr(𝛽𝛽 > 0)]. 

 
1.5. Study oversight 

The University of Zambia Biomedical Research Ethics Committee (004-09-15, covering both human 

and animal ethical clearance) and the Ethical Committee of the University of Antwerp, Belgium 

(B300201628043, EC UZA16/8/73) gave ethical clearance for CYSTISTOP. Approval was also given by 

local district health authorities, area chiefs and village headmen. The study was introduced and 

explained at both village and household levels prior to each field visit. Voluntary informed written 

consent was obtained from all study participants, or written consent from a parent or guardian and 

http://www.epidata.dk/
http://www.epicollect.net/
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oral assent for children under 18 years of age. Participants were free to withdraw from the study at 

any time. The funding bodies had no influence over the collection, analysis or interpretation of data, 

or in writing the manuscript. All authors vouch for the completeness and accuracy of the data and 

analyses and for the fidelity of the study to the protocol, which is available with the full text of this 

article at NEJM.org. 

Trial registration number: NCT02612896 

 

2. Supplementary information on the RESULTS 

 

2.1. Primary outcome measure – prevalence of porcine cysticercosis (both study arms) 

At baseline, viable cysticerci were detected in 32% of dissected carcasses (active porcine cysticercosis) 

in both study areas.  In the elimination arm a prevalence of 32.4% (CI 18.0 – 49.8) was estimated, in the 

control study arm 32.2% (CI 16.7 – 51.4). 

 

At post-intervention there was a significantly higher reduction in the prevalence of viable cysticerci in 

the elimination arm compared to the negative control arm (0.0%  (CI 0.0 – 13.2) versus 25.0%  ( CI 11.5 

– 43.4), P<0.001).  

 

2.2. Secondary outcome measure – taeniosis prevalence (elimination study arm only)  

Taeniosis prevalence in the elimination study arm decreased from 16% (39/251, 95% exact confidence 

intervals (CI) 11.3 – 20.6%) at baseline to 2.3% (11/480, 95% CI 1.1 – 4.1%) at post-intervention. The 

change in prevalence was highly significant (P<0.001). 
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