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Supplementary Figure S1. Published articles or age-infection data identfied using a PRISMA1 systematic search

Records identified through database searching
(n = 1,809)
PubMed: 487; Web of Science (all databases): 1,084; LILACS: 204; AJOL: 34
Abstracts screened 
(n = 343) 
Titles screened
(n = 1,293)

Additional records identified through other sources
(n = 1)


Identification


Abstracts excluded
(n = 125)
Wong parasite species: 1
Only in humans: 82
Pre-clinical/clinical research only: 7
Diagnostic development: 6
Non epidemiological study: 9
No primary data collected: 20
Records after duplicates removed
(n = 1,293)




Titles excluded
(n = 950)
Wong parasite species: 50
Non-endemic : 60
Only in humans: 146
Epidemiological studies in animals other than pigs: 3
Pre-clinical/clinical research only: 145
Diagnostic development: 70
Non epidemiological study: 22
No primary data collected: 434
Unrelated topic: 20

Screening





Full-text articles excluded
(n = 202)
Only in humans: 20
Diagnostic paper: 4
Non epidemiological study: 4
Intervention study design (no baseline data): 11
Pre-clinical/clinical research only: 3
Review only: 8
Secondary analysis on previously analysed data: 7
Language exclusion: 7
Articles inaccessible or unable to obtain age-prevalence data from authors if age mentioned: 138

Full-text articles assessed for eligibility
(n = 219)

Eligibility



Studies with age- (sero)prevalence data to be included (n = 15)
· Data directly from published studies (n = 12)
· Data obtained from authors/online repositories (n = 3; Kungu et al., 201713; Sarti et al., 20009; Fèvre et al., 201712) 



Included




LILACS: Latin American & Caribbean Health Sciences Literature;
AJOL: African Journals Online
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Supplementary Figure S2. Geographical distribution of studies with porcine cysticercosis age-(sero) prevalence data included in the final analysis (n= 15) by diagnostic target.
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Supplementary Figure S3. Country-specific estimates of (A) the average time (in months) until pigs become antibody/antigen seropositive or infected (1/λ, vertical axis), and (B) the average time (in months) pigs remain antibody/antigen seropositive or infected (1/ρ, vertical axis)
[image: ]

For (A) estimates are only presented where 1/λ (average duration of susceptibility in months) is less than the life expectancy of pigs. Marker colour denotes: red = antibody seroprevalence; green = antigen seroprevalence; blue = prevalence by necropsy. Solid diamonds denote the use of the reversible catalytic model; triangles are for the simple (seroconversion- or infection-only) model. Error bars are 95% Bayesian Credible Intervals around estimates.    

	Supplementary Table S1. Summary of studies included in final analysis and the diagnostic parameters used to set the probabilistic constraints for sensitivity and specificity of each test.

	Study author, year and supplementary reference 
	Location, country
	Diagnostic 
	Sensitivity (%); specificity (%) median (95% confidence intervals given in the literature) 
	α, β shape parameters to construct each Beta distribution for sensitivity (Se) and specificity (Sp) priors (informed by column 4)
	Total sample size
	Sampling strategy

	Antibody detection

	Garcia et al., 20032
	Huancayo, Peru
	LLGP-EITB17,18
	88.8 (65.3–98.6); 
48.3 (37.6–59.2)26†
	Se: 9.5, 1.2;
Sp: 38.6, 41.3
	609
	All eligible pigs in survey area

	Jayashi et al., 20123
	Piura, Peru
	LLGP-EITB17,18
	88.8 (65.3–98.6); 
48.3 (37.6–59.2)26†
	Se: 9.5, 1.2;
Sp: 38.6, 41.3
	1,153
	All eligible pigs in survey area

	Lescano et al., 20074
	Matapalo, Peru
	LLGP-EITB17,18
	88.8 (65.3–98.6); 
48.3 (37.6–59.2)26†
	Se: 9.5, 1.2;
Sp: 38.6, 41.3
	755
	All eligible pigs in survey area

	Rodriguez-Canul et al., 19985
	Yucatán, Mexico
	Enzyme-linked immunoelectrotransfer blot (EITB) based on crude-saline extract19 
	93.3 (0.82–0.97);
100.0 (95.8–100.0)4
	Se: 27.2, 1.95;
Sp: 72.1, 0.73
	1,099 
	Randomly selected from 3 types of husbandry system

	Taico et al., 20036 
	Matapalo, Peru
	LLGP-EITB17,18
	88.8 (65.3–98.6); 
48.3 (37.6–59.2)26†
	Se: 9.5, 1.2;
Sp: 38.6, 41.3
	440
	All eligible pigs in survey area

	Gottschalk et al., 20067
	Register microregion, São Paulo, Brazil 
	Enzyme-linked immunosorbent assay (Ab-ELISA) based on vesicular fluid antigen from Taenia crassiceps20
	35.8 (26.0–41.0);
91.7 (85.0–99.0)27
	Se: 100, 179.3; 
Sp: 77.6, 7.02
	551
	Limited information

	Khaing et al., 20158
	Nay Pyi Taw, Myanmar
	Ab-ELISA based on Novalisa® Taenia solium IgG (NovaTec Immundiagnostica GmbH, Dietzenbach, Germany)21
	93.8 (95% CI NA);
95.0 (95% CI NA)8
	Se: 103.18, 6.82;
Sp: 95.0, 5.0
	364
	Random sampling of households in survey area

	Sarti et al., 20009*
	Morelos, Mexico
	LLGP-EITB17,18
	88.8 (65.3–98.6); 
48.3 (37.6–59.2)26†
	Se: 9.5, 1.2;
Sp: 38.6, 41.3
	2,468
	All eligible pigs in survey area

	Antigen detection

	Carrique-Mas et al., 200110
	Chuquisaca, Bolivia
	HP10 Ag-ELISA; antigen ELISA using monoclonal antibodies vs excretory-secretory glycoproteins of Taenia saginata22
	70.4 (52.7-84.7);
66.1 (44.6-85.1)28
	Se: 20, 8.4;
Sp: 13.2, 6.8
	273
	All eligible pigs in survey area

	Pondja et al., 201511
	Angónia, Mozambique
	B158/B60 Ag-ELISA; antigen ELISA using monoclonal antibodies vs excretory-secretory glycoproteins of T. saginata 23,24
	63.3 (46.8-81.6);
87.0 (78.2–94.9)28 
	Se: 21.7, 12.6;
Sp: 60.2, 8.995
	282
	Piglets (aged 4 months) randomly selected and sampled at 4, 9 and 12 months of age

	Fèvre et al., 201712*
	Busia, Kenya
	HP10 Ag-ELISA22
	70.4 (52.7-84.7);
66.1 (44.6-85.1)28
	Se: 20, 8.4;
Sp: 13.2, 6.8
	93
	Eligible pigs from randomly selected households

	Kungu et al., 201713**
	3 districts, Uganda
	HP10 Ag-ELISA22 & commercial B158/B60 Ag-ELISA (apDia, Turnhout, Belgium)25
	HP10 Ag ELISA: 
70.4 (52.7-84.7);
66.1 (44.6-85.1)28

B158/B60 Ag-ELISA: 
63.3 (46.8-81.6);
87.0 (78.2–94.9)28
	HP10 Ag-ELISA 
Se: 20, 8.4;
Sp: 13.2, 6.8

apDia: 
Se: 21.7, 12.6;
Sp: 60.2, 8.995

	1,121
	1 random pig from each randomly selected household included. 
Stratified by urban (n= 245) and rural (n= 876) production systems ††

	Necropsy

	de Aluja et al., 199814
	Mexico 
	Viable cysts (all cyst numbers also available) 
	No adjustmentⱡ
	
	52
	Limited information- non-slaughter age pigs included (< 7 months of age)

	Sah et al., 201715
	Banke, Nepal
	Viable cysts 
	No adjustmentⱡ
	
	109
	One slaughter-age pigs sampled from each randomly selected household

	Sasmal et al., 200816
	West Bengal, India
	Viable cysts
	No adjustmentⱡ 
	
	634
	Limited information

	*age-stratified data available from the University of Liverpool open-access repository (http://datacat.liverpool.ac.uk/352/);** Studies for which authors provided individual-level pig infection data; †sensitivity/specificity from calculated values in Jayashi et al.26 for lentil lectin-purified glycoprotein - enzyme-linked immunoelectrotransfer blot (LLGP-EITB) reactivity to ≥ 1 band as a cut-off point for the assay; ‡antigen - enzyme-linked immunosorbent assays (Ag-ELISA) sensitivity and specificity calculated directly for study-specific setting (in original paper); ††the original analysis showed a significant difference in adjusted prevalence between the production systems, therefore data stratified on this basis. ⱡNo adjustment for the necropsy method as sensitivity and specificity assumed to be 100% (see main text for a discussion on the limitations of this assumption). 
NA = not available.





	Supplementary Table S2. The deviance information criterion (DIC) and parameter estimates for simple and reversible catalytic models fitted to each observed antibody age-seroprevalence dataset (ordered by decreasing value of all-age seroprevalence). For diagnostic methods used see the corresponding study in Supplementary Table S1


	Dataset
	All-age observed sero- prevalence (%)
(95% CI) 
	Catalytic model 
	DIC value
	Diagnostic     sensitivity
(95% BCI)
	Diagnostic     specificity
(95% BCI)
	λ = seroconversion rate, month-1
(95% BCI)
	1/λ = average time until becoming antibody seropositive (months) (95% BCI)
	ρ = seroreversion rate, month-1 (95% BCI)
	1/ρ = average time pigs remain antibody seropositive (months) (95% BCI)

	Jointly fitted datasets – Simple catalytic model*

	Garcia et al., 20032
	58.8
(54.8 – 62.7)
	Simple
	100.35
	0.735
(0.676–0.797)
	0.935 
(0.922 – 0.946)
	0.253
(0.193 – 0.352)

	4.0
(2.8 – 5.2)
	NA
	NA

	Jayashi et al., 20123
	45.2
(42.3 – 48.1)
	Simple
	
	
	
	0.126
(0.103 – 0.152)
	8.0
(6.6 – 9.7)
	NA
	NA

	Lescano et al., 20074
	26.2
(23.1 – 29.5)
	Simple
	
	
	
	0.069
(0.053 – 0.087)
	14.5
(11.5 – 18.7)

	NA
	NA

	Taico et al., 20036
	20.7
(17.0 – 24.8)

	Simple
	
	
	
	0.047
(0.032 – 0.065)
	21.2
(15.3 – 30.9)

	NA
	NA

	Sarti et al., 20009
	5.3
(4.4 – 6.2)
	Simple
	
	
	
	0.0012 
(0.0002 – 0.003)


	> 180‡ 
	NA
	NA

	Jointly fitted datasets – Reversible catalytic model*

	Garcia et al., 20032
	58.8
(54.8 – 62.7)
	Reversible 
	84.59
	0.889
(0.749 – 0.991)
	0.936
(0.925 – 
0.946)
	0.207
(0.147 – 0.318)
	4.8 
(3.1 – 6.8)
	0.042
(0.004 – 0.124)
	24.0
(8.0 – 251.1)

	Jayashi et al., 20123
	45.2
(42.3 – 48.1)
	Reversible
	
	
	
	0.104
(0.085 – 0.133)
	9.6
(7.5– 11.8)
	0.024
(0.004 – 0.049)
	41.1
(20.6 – 255.8)

	Lescano et al., 20074
	26.2
(23.1 – 29.5)
	Reversible
	
	
	
	0.247
(0.116 – 0.387)
	4.1 
(2.6 – 8.6)
	0.746
(0.280 – 0.986)
	1.3 
(1.0 – 3.5)

	Taico et al., 20036
	20.7
(17.0 – 24.8)

	Reversible
	
	
	
	0.152
(0.063 – 0.269)
	6.6 
(3.7 – 15.8)
	0.692
(0.209 – 0.984)
	1.4
(1.0 – 4.9)

	Sarti et al., 20009
	5.3
(4.4 – 6.2)
	Reversible
	
	
	
	0.001
(0.00006 – 0.007)
	> 180‡
	0.63
(0.022 – 0.980)
	1.6 
(1.0 – 45.8)

	Individually-fitted datasets

	Rodriguez-Canul et al., 19985
	23.02
(20.6 – 25.6)
	Simple
	17.51
	0.940
(0.806–0.990)
	0.790
(0.765 – 0.82)
	0.001
(0.0001 – 0.006)
	>180‡
	NA
	NA

	Rodriguez-Canul et al., 19985
	23.02
(20.6 – 25.6)
	Reversible
	47.77
	0.934
(0.803–0.987)
	0.991 
(0.953 – 0.999)
	0.273 
(0.180 – 0.367)
	3.7 
(2.7 – 5.6)
	0.857 
(0.562 – 0.992)
	1.2 
(1.0 – 1.8)

	Gottschalk et al., 20067
	20.5
(17.2 – 24.1)
	Simple
	28.63
	0.349
(0.297–0.403)
	0.921
(0.868 – 0.963)
	0.078
(0.035 – 0.146)
	12.9 
(6.8 – 28.4)
	NA
	NA

	Gottschalk et al., 20067
	20.5
(17.2 – 24.1)
	Reversible
	32.68
	0.360 
(0.310–0.417)
	0.927
(0.873 – 0.967)
	0.103 
(0.046 – 0.358)
	9.7 
(2.8 – 22.0)
	0.034 
(0.002 – 0.414)
	29.6
(2.4 – 422.8)

	Khaing et al., 20158
	15.9
(12.3 – 20.1)
	Simple
	33.94
	0.940 
(0.888–0.973)
	0.958 
(0.915 – 0.985)
	0.028 
(0.015 – 0.040)
	36.2 
(25.0 – 65.1)
	NA
	NA

	Khaing et al., 20158
	15.9
(12.3 – 20.1)
	Reversible
	36.20
	0.939 
(0.885–0.975)
	0.54 
(0.906 – 0.984)
	0.066 
(0.024 – 0.173)
	15.2 
(5.8 – 41.8)
	0.408 
(0.027 – 0.964)
	2.5 
(1.0 – 37.1)

	Seroprevalence results are accompanied by 95% confidence intervals (95% CI) calculated by the Clopper-Pearson exact method. Parameter median posterior estimates are presented with 95% Bayesian credible intervals (95% BCI) and Deviance information criterion (DIC) model fitting scores;
*Diagnostic sensitivity and specificity jointly fitted for the antibody lentil lectin-purified glycoprotein enzyme-linked immunoelectrotransfer blot (Ab LLGP-EITB) assay17,18. ‡Duration more than upper limit of pig host life expectancy (15 years x 12 months = 180 month29), and therefore not shown.

NA = Not applicable.





	Supplementary Table S3. The deviance information criterion (DIC) and parameter estimates for simple and reversible catalytic models fitted to each observed antigen age-seroprevalence dataset (ordered by decreasing value of all-age seroprevalence). For diagnostic methods used see the corresponding study in Supplementary Table S1 


	Dataset 
	All-age observed sero- prevalence (%)
(95% CI)
	Catalytic model 
	DIC
	Diagnostic     sensitivity
(95% BCI)
	Diagnostic     specificity
(95% BCI)
	λ = seroconversion rate, month-1
(95% BCI)
	1/λ = average time until becoming antigen seropositive (months) 
(95% BCI)
	ρ = seroreversion rate, month-1 (95% BCI)
	1/ρ = average time pigs remain antigen seropositive (months) 
(95% BCI)

	Jointly-fitted datasets – Simple catalytic model*

	Carrique-Mas et al., 200110
	37.4 
(31.6 – 43.4)
	Simple¥
	82.43
	0.488
(0.376–0.650)
	0.927
(0.907–0.949)
	0.254
(0.109 – 0.836)
	3.9
(1.2 – 9.1)
	NA
	NA

	Fèvre et al., 201712
	18.8
(11.2 – 28.8)
	Simple†
	
	
	
	0.042
(0.016 – 0.105)
	24.0
(9.5 – 61.5)
	NA
	NA

	Kungu et al., 2017 (urban)13
	HP10: 9.8
(6.4 – 14.2)
	Simple†
	
	
	
	0.011
(0.0015 – 0.029)
	91.8
(34.8 – 683.7)
	NA
	NA

	Kungu et al., 2017 (rural)13
	HP10: 8.11 
(6.4 – 10.1)

 
	Simple†
	
	
	
	0.003
(0.0004 – 0.011)
	>180‡
	NA
	NA

	Jointly fitted datasets – Reversible catalytic model*

	Carrique-Mas et al., 200110
	37.4 
(31.6 – 43.4)
	Reversible
	89.57
	0.646 
(0.467–0.808)
	0.929 
(0.906–0.959)
	0.539 
(0.155 – 0.961)
	1.9
(1.0 – 6.5)
	0.421 
(0.046 – 0.942)
	2.4 
(1.1 – 24.8)

	Fèvre et al., 201712
	18.8
(11.2 – 28.8)
	Reversible
	
	
	
	0.178 
(0.031 – 0.589)
	5.6
(1.7 – 32.5)
	0.666 
(0.052 – 0.977)
	1.5 
(1.0 – 19.3)

	Kungu et al., 2017 (urban)13
	HP10: 9.8
(6.4 – 14.2)
	Reversible
	
	
	
	0.038
(0.004 – 0.130)
	26.1
(7.7 – 227.6)
	0.631 
(0.076 – 0.976)
	1.6 
(1.0 – 13.2)

	Kungu et al., 2017 (rural)13
	HP10: 8.11 
(6.4 – 10.1)

 
	Reversible
	
	
	
	0.017 
(0.0007 -0.071)
	60.0
(14.2–1,379.3)
	0.699 
(0.102 – 0.982)
	1.4 
(1.0 – 9.8)

	Jointly fitted datasets – Simple catalytic model**

	Pondja et al., 201511
	32.6 
(27.2 – 38.4)
	Simple
	108.64
	0.679 
(0.552–0.806)
	0.967 
(0.954–0.978)
	0.089
(0.063 – 0.132)
	11.2
(7.6 – 15.8)
	NA
	NA

	Kungu et al., 2017 (urban)13
	apDia:
9.8
(6.4 – 14.2)

	Simple
	
	
	
	0.012 
(0.005 – 0.022)
	83.9
(44.6 – 200)
	NA
	NA

	Kungu et al., 2017 (rural)13
	apDia:
2.85
(1.9 – 4.2)
	Simple
	
	
	
	0.0005 
(0.0001– 0.002)
	>180‡
	NA
	NA

	Jointly fitted datasets – Reversible catalytic model**

	Pondja et al., 201511
	32.6 
(27.2 – 38.4)
	Reversible
	105.20
	0.685
(0.552–0.815)
	0.970
(0.956–0.981)
	0.093
(0.067 – 0.143)
	10.7
(7.0 -14.9)
	0.009
(0.0005–0.042)
	107.2 
(23.7 – 2,034.1)

	Kungu et al., 2017 (urban)13
	apDia:
9.8
(6.4 – 14.2)

	Reversible
	
	
	
	0.079
(0.020 – 0.186)
	12.7
(5.4 -50.0)
	0.677
(0.112 – 0.984)
	1.5 
(1.0 – 8.9)

	Kungu et al., 2017 (rural)13
	apDia:
2.85
(1.9 – 4.2)
	Reversible
	
	
	
	0.005
(0.0003–0.024)
	>180‡
	0.733
(0.122 – 0.988)
	1.4 
(1.0 – 8.2)

	Seroprevalence results are accompanied by 95% confidence intervals (95% CI) calculated by the Clopper-Pearson exact method. Parameter median posterior estimates are presented with 95% Bayesian credible intervals (95% BCI) and Deviance information criterion (DIC) model fitting scores;
*Diagnostic sensitivity and specificity for the HP10 Ag-ELISA test22 jointly fitted across datasets. **Diagnostic sensitivity and specificity for the B158/B60 Ag-ELISA24 or commercial B158/B60 Ag-ELISA (apDia, Turnhout, Belgium)25 jointly fitted across datasets. ‡Duration more than upper limit of pig host life expectancy (15 years x 12 months = 180 month)29, and therefore not shown.
NA = Not applicable.





	Supplementary Table S4. The deviance information criterion (DIC) and parameter estimates for simple and reversible catalytic models fitted to each age-prevalence (necropsy) dataset (ordered by decreasing value of all-age prevalence)

	Dataset 
	All-age observed prevalence (%) 
(95% CI)
	Catalytic model 
	DIC value
	λ = rate of infection acquisition, month-1
(95% BCI)
	ρ = rate of infection loss,
month-1
(95% BCI)
	1/λ = average time until pigs become infected (months)
(95% BCI)
	1/ρ = average duration of infection (months)
(95% BCI)

	de Aluja et al., 199814
	32.7 
(20.3 – 47.1)
	Simple
	17.63
	0.209 
(0.127 – 0.322)
	NA
	4.8 
(3.1 – 7.9)
	NA

	de Aluja et al., 199814
	32.7 
(20.3 – 47.1)
	Reversible
	14.11
	0.529 
(0.245 – 0.896)
	0.700 
(0.163 – 0.986)
	1.9 
(1.1 – 4.1)
	1.4 
(1.0 – 6.1)

	Sah et al., 201715
	28.4 
(20.2 – 37.9)
	Simple
	19.81
	0.027 
(0.019 – 0.038)
	NA
	36.4 
(26.0 – 52.3)
	NA

	Sah et al., 201715
	28.4 
(20.2 – 37.9)
	Reversible
	19.65
	0.276 
(0.058 – 0.515)
	0.684 
(0.133 – 0.980)
	3.6 
(1.9 – 17.4)
	1.5 
(1.0 – 7.5)

	Sasmal et al., 200816
	10.3 
(8.0 – 12.9)
	Simple
	53.86
	0.011 
(0.008 – 0013)
	NA
	94.3 
(75.0 – 122.8)
	NA

	Sasmal et al., 200816
	10.3 
(8.0 – 12.9)
	Reversible
	21.57
	0.097 
(0.052 – 0.137)
	0.801 
(0.481 – 0.986)
	10.3 
(7.3 – 19.1)
	1.2 
(1.0- 2.4)

	Seroprevalence results are accompanied by 95% confidence intervals (95% CI) calculated by the Clopper-Pearson exact method. Parameter median posterior estimates are presented with 95% Bayesian credible intervals (95% BCI) and Deviance information criterion (DIC) model fitting scores.
NA = Not applicable.
For necropsy data it was assumed that both sensitivity and specificity were equal to 100% (see main text for a discussion of the limitations of this assumption).




Supplementary Figure S4. Informative beta distribution priors constructed for sensitivity and specificity parameters for each diagnostic. 
[image: ]
β prior distributions for: A) sensitivity (se) (all two left-hand column plots); B) specificity (sp) (all two right-hand column plots) of each diagnostic, constructed with α and β shape parameters provided in Supplementary Table S1. The β distribution provides a more flexible alternative to the uniform distribution where the parameters of interest are constrained between 0 and 130. The shape parameters were fitted to the literature estimates of se and sp (whereby α/(α+β)) equals the mean of the distribution30). 
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