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Fitting the catalytic models used in the analysis of the rubella antibody seroprevalence data from 5 study sites in Bandundu, Kasaï Occidental, and Kinshasa provinces in the Democratic Republic of the Congo
The catalytic models described in Table S1 were fitted using maximum likelihood by minimizing the following expression for the (binomial) loglikelihood deviance: 


where
D is the number of data points;
Kj is the number of individuals in the jth age group who were seropositive;
Nj is the number of individuals in the jth age group who were tested;
pj is the proportion of individuals in the jth age group in the dataset who were seropositive;

 is the model prediction of the proportion of individuals in the jth age group in the dataset who were seropositive, and equal to 1-proportion of people in the same age group who were seronegative
Comparisons between the predictions of the age-specific percentage seronegative for rubella, obtained using the best-fitting catalytic model and the observed data for 5 study sites, are presented in Figure S1.  
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Table S1: Summary of the catalytic models used in the analyses of rubella antibody seroprevalence data from 5 study sites in Bandundu, Kasaï Occidental, and Kinshasa provinces in the Democratic Republic of the Congo

	Model
	Assumption

	A
	The force of infection differs between younger and older individuals and was estimated, and the sensitivity of the assay was unknown and was estimated, together with the force of infection.  The following equation gives the proportion of people of age a (s(a)) that are seronegative:
	

	




where p is the sensitivity of the serological assay, and  and  are the average force of infection among younger and older individuals+ respectively.  The proportion of people of age a (s(a)) that are susceptible is as follows: 

	

	




	B
	The force of infection differs between younger and older individuals and was estimated, and the sensitivity of the assay was fixed at 100%. This model is similar to that used previously [23].

	C
	The force of infection was identical for younger and older individuals, but the sensitivity of the assay could be <100% and was identical for all ages. Both the force of infection and the sensitivity of the assay were estimated.  This model is equivalent to the variable asymptote model defined by Muench [26].

	D
	The force of infection was identical for all age groups and was estimated; the sensitivity of the assay was fixed at 100%. This model is equivalent to the simple catalytic model [26].





[image: ]Figure S1: Comparisons between the predictions of the age-specific percentage seronegative for rubella antibody, obtained using the best-fitting catalytic model and the observed data for 5 study sites in Bandundu, Kasaï Occidental, and Kinshasa provinces in the Democratic Republic of the Congo.  The bars reflect the 95% Confidence Intervals on the observed data.  The solid line reflects predictions from the best-fitting model.  Equivocals were classified as seronegative in these analyses.
Estimates of the CRS incidence per 100,000 live births and the number of CRS cases born in 2013 in urban and rural areas and for DRC overall
For the overall urban population, the force of infection and weighted CRS incidence per 100,000 live births were calculated as the median of 1,000 bootstrap-derived estimates.  These 1,000 bootstrap-derived estimates were obtained by sampling equal numbers of the corresponding bootstrap-derived estimates from each urban site, i.e. 500 bootstrap-derived estimates from the Kikwit dataset and 500 bootstrap-derived estimates from the Tshikapa dataset.  

The total number of CRS cases born in the urban population was calculated as follows.  We first multiplied each bootstrap estimate of CRS incidence per live birth in each age group by estimates of the number of live births occurring among women in the corresponding age group in 2013 in the urban population in DRC.  For the given bootstrap estimate, this provided the number of CRS cases born in the urban population to women in each age group.  For each bootstrap estimate, these age-specific estimates were then summed to obtain the total number of CRS cases born in 2013 in urban areas.  Ninety-five percent confidence intervals (CIs) on the force of rubella virus infection, the weighted CRS incidence per 100,000 live births and total number of CRS cases born in the urban population were calculated as the 95% range of these bootstrap-derived estimates.  The corresponding estimates for the rural population in DRC were calculated similarly.  

[bookmark: _Ref410405803]The force of rubella virus infection and weighted CRS incidence per 100,000 live births for the whole of DRC were then calculated similarly, except that the 1,000 bootstrap estimates were compiled by drawing bootstrap estimates associated with fitting to the urban and rural study sites in proportion to the size of the population that lived in rural and urban settings.  The median and 95% CIs of the number of CRS cases born in DRC in 2013 were calculated using 1,000 bootstrap-derived estimates.  Specifically, the jth bootstrap estimate of the number of CRS cases for the whole of DRC was calculated as the sum of the jth bootstrap estimate of the number of CRS cases for urban and rural settings.  The overall and 95% CIs of the number of CRS cases in 2013 were calculated as the median and 95% range of the resulting bootstrap derived estimates.  The estimated annual force of rubella virus infection per 1000 susceptible persons, sensitivity of the assay, and CRS incidence per 100,000 live births, are presented in Table S2.
Table S2: Summary of the best-fitting estimates of the force of rubella virus infection, sensitivity of the rubella antibody assay (where appropriate) and the Congenital Rubella Syndrome (CRS) incidence estimated from each model by 5 study sites in Bandundu, Kasai Occidental, and Kinshasa provinces in the Democratic Republic of the Congo.  Shading reflects the model selected for each site.  Equivocals were classified as seronegative in these analyses.
	Study Site
	Catalytic model
	Annual force of infection per 1000 susceptibles
	Sensitivity of the rubella antibody assay (%)
	Congenital Rubella Syndrome (CRS) incidence per 100,000 live births
	Loglikelihood deviance (degrees of freedom)

	
	
	<15 year olds
	≥15 year olds
	
	unweighted
	weighted
	

	Kikwit
	A
	129 (98,630)
	27 (0,76)
	100 (89,100)
	57 (0,135)
	61 (0,151)
	5 (2)

	
	B
	129 (98,164)
	27 (0,69)
	--
	57 (0,135)
	61 (0,151)
	5 (3)

	
	C
	999 (83,999)
	999 (83,999)
	89 (85,100)
	0 (0,185)
	0 (0,210)
	6 (3)

	
	D
	86 (74,103)
	86 (74,103)
	--
	179 (145,207)
	204 (166,233)
	10 (4)

	Kinshasa
	A
	109 (30,973)
	1000 (0,1000)
	82 (79,88)
	122 (0,387)
	126 (0,400)
	15 (2)

	
	B
	117 (101,128)
	0 (0,17)
	--
	0 (0,61)
	0 (0,63)
	16 (3)

	
	C
	326 (148,994)
	326 (148,994)
	82 (79,85)
	6 (0,77)
	6 (0,89)
	16 (3)

	
	D
	66 (59,72)
	66 (59,72)
	--
	225 (211,237)
	252 (238,264)
	52 (4)

	Mikalayi
	A
	43 (0,354)
	1000 (0,1000)
	82 (77,100)
	321 (0,606)
	324 (0,611)
	0 (2)

	
	B
	92 (64,120)
	23 (0,68)
	--
	87 (0,219)
	92 (0,246)
	1 (3)

	
	C
	125 (67,969)
	125 (67,969)
	84 (76,99)
	108 (0,220)
	125 (0,248)
	1 (3)

	
	D
	63 (54,77)
	63 (54,77)
	--
	229 (198,248)
	257 (226,275)
	6 (4)

	Tshikapa
	A
	113 (81,905)
	20 (0,267)
	100 (81,100)
	58 (0,187)
	61 (0,211)
	4 (2)

	
	B
	113 (80,146)
	20 (0,73)
	--
	58 (0,180)
	61 (0,202)
	4 (3)

	
	C
	168 (77,999)
	168 (77,999)
	86 (80,100)
	58 (0,200)
	67 (0,226)
	4 (3)

	
	D
	76 (62,94)
	76 (62,94)
	--
	202 (163,232)
	229 (187,258)
	9 (4)

	Vanga
	A
	118 (88,396)
	32 (0,75)
	100 (89,100)
	75 (0,165)
	81 (0,184)
	5 (2)

	
	B
	118 (88,155)
	32 (0,72)
	--
	75 (0,164)
	81 (0,184)
	5 (3)

	
	C
	968 (77,999)
	968 (77,999)
	87 (84,100)
	0 (0,200)
	0 (0,227)
	7 (3)

	
	D
	83 (71,97)
	83 (71,97)
	--
	187 (157,211)
	213 (181,239)
	9 (4)


Model A:  The force of infection differs between younger and older individuals and was estimated, and the sensitivity of the assay was unknown and was estimated, together with the force of infection.  
Model B:  The force of infection differs between younger and older individuals and was estimated, and the sensitivity of the assay was fixed at 100%. This model is similar to that used previously [23].
Model C:  The force of infection was identical for younger and older individuals, but the sensitivity of the assay could be <100% and was identical for all ages. Both the force of infection and the sensitivity of the assay were estimated.  This model is equivalent to the variable asymptote model defined by Muench [26].
Model D:  The force of infection was identical for younger and older individuals, but the sensitivity of the assay could be <100% and was identical for all ages. Both the force of infection and the sensitivity of the assay were estimated.  This model is equivalent to the variable asymptote model defined by Muench [26].


Estimates of the CRS incidence per 100,000 live births and the number of CRS cases born in 2013 in urban and rural areas and for DRC overall with equivocal samples classified as seropositive

Table S3 summarizes estimates from the selected models for the force of rubella virus infection per 1,000 susceptible individuals per year aged <15 and >=15 years, CRS incidence per 100,000 live births for women aged 15-44 years in 2013, and the number of CRS cases born in 2013 with the equivocals classified as seropositive.  





Table S3.  Estimated force of rubella virus infection among susceptible individuals <15 and >=15 years of age/year, CRS incidence/100,000 live births among women aged 15-44 years in 2013, and estimated number of CRS cases born in 2013 by 5 study sites in Bandundu, Kasaï Occidental, and Kinshasa provinces, rural and urban settings, and overall in the Democratic Republic of the Congo.  Equivocals were classified as seropositive in these analyses.

	ANC site or Setting
	Force of Infection per 1,000 susceptible individuals/year
(95% Confidence Intervals)*
	Estimated weighted 
CRS Incidence/
100,000 live births among women aged 15-44 years in 2013+ (95% Confidence Intervals)+
	Estimated number of CRS cases born in 2013
(95% Confidence Intervals)*, with the population size obtained from:

	
	<15 years of age
	>=15 years of age
	
	Democratic Republic of the Congo Expanded Programme on Immunization-Ministry of Public Health population projections based upon the 1984 census
	UN population sources [21]

	Kikwit
	129 (98, 164)
	27 (0, 69)
	61 (0, 151)
	5 (0, 11)
	3 (0, 8)

	Vanga
	117 (86, 155)
	37 (1, 78)
	90 (1, 193)
	12 (0, 26)
	9 (0, 18)

	Mikalayi
	103 (73, 131)
	19 (0, 68)
	69 (0, 212)
	7 (0, 22)
	5 (0, 16)

	Tshikapa
	114 (82, 152)
	25 (0, 77)
	72 (0, 196)
	9 (0, 25)
	7 (0, 18)

	Kinshasa
	67 (60, 73)
	67 (60, 73)
	249 (234, 262)
	72 (68, 76)
	52 (49, 54)

	Urbanǂ
	121 (86, 160)
	25 (0, 74)
	63 (0, 186)
	752 (0, 2219)
	587 (0, 1732)

	Rural§
	109 (77, 149)
	28 (0, 75)
	80 (0, 204)
	1974 (0, 5045)
	1541 (0, 3937)

	Overallǁ
	112 (79, 154)
	28 (0, 75)
	76 (0, 196)
	2825 (405, 5970)
	2205 (316, 4660)




	  *Confidence intervals were obtained by bootstrapping.  
  +Weighted by the number of live births occurring among women in different maternal age groups.
  ǂCompiled using estimates derived from rubella antibody seroprevalence data from Kikwit and Tshikapa.  As explained in the Methods, antibody seroprevalence data from Kinshasa were excluded from these estimations.
	  §Compiled using estimates derived from rubella antibody seroprevalence data from Mikalayi and Vanga.
	  ǁCompiled using estimates from the urban and rural settings
	   CRS, Congenital Rubella Syndrome
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