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S1. ABO risk probabilities in treated women
[bookmark: _GoBack]In previous WHO estimations, the global risk of a syphilis-attributable ABO in mothers treated for syphilis was assumed to be independent of the timing of treatment during the pregnancy. Data from a number of studies, however, suggest that maternal treatment is more effective the earlier a woman is treated during a pregnancy (1, 2). Thus, countries with a pattern of early ANC enrolment and syphilis testing and treatment would be expected to have lower CS and ABO rates than countries with a pattern of late ANC enrolment and syphilis testing and treatment. This effect may well contribute to the wide variations observed in routinely reported CS case rates between countries with different levels of ANC service coverage. 

The ABO risk probability to mothers treated for syphilis during ANC used the timing of first ANC visit as a proxy for the time of the syphilis treatment, and combined this with a gradient of ABO risk for syphilis-treated mothers that reflected timing of treatment.

Timing of first ANC visit and maternal syphilis treatment
The timing of maternal syphilis testing and treatment during ANC is not a routinely collected indicator. However, data the proportion of pregnancies with early enrolment in ANC visits are available for 133 countries from 216 periodic national demographic and health surveys conducted in between 1985 and 2015 (median year, 2004) collated in a WHO database (http://www.who.int/reproductivehealth/early-anc-estimates/en/). Since the definition of early enrolment in these 216 surveys varied across countries and in some countries over time, we calculated for each survey that had measured the proportion of early ANC enrolment, the average timing (as, weeks in the pregnancy) of first ANC visit, using the interpretation shown in Table S1.1.
The distribution of ANC1 ranged from 10.9 weeks (in the UK in 2010) to 26.7 weeks (in Tunisia in a survey covering pregnancies over 1989-1995), with a median of 17.8 weeks and average of 17.9 weeks. Imputed regional medians from surveys conducted in 2010 or later were: 20.6 weeks in the African Region, 17.0 weeks in the Region of the Americas, 17.3 weeks in the Eastern Mediterranean Region, 13.9 weeks in the European Region, 19.5 weeks in the South-East Asia Region and 16.6 weeks in the Western Pacific Region. 

Country-specific time of ANC1 for all countries were then generated, taking the most recent survey for countries which had had two measurements. For countries without a survey, the WHO regional median was imputed from surveys conducted in 2010 or later. 

Table S1.1 Estimated average time of first ANC visit, and corresponding assumed ABO risk probability for syphilis-treated mothers averaged over all pregnancies in the country 

	Cut-off timing (weeks in the pregnancy) to define early ANC
	Average weeks in the pregnancy, of first ANC
	ABO risk probability / untreated syphilis-infected mother

	Group of ANC women, by timing of first visit:
	Early
	Late
	Early
	Late

	<12 weeks
	10
	20
	2.0%
	5.0%

	<13 weeks
	11
	21
	2.3%
	5.5%

	<14 weeks
	12
	22
	2.5%
	6.0%

	<3 months
	12
	22
	2.5%
	6.0%

	1st trimester
	12
	22
	2.5%
	6.0%

	<15 weeks
	13
	23
	2.6%
	6.5%

	<16 weeks
	14
	24
	2.7%
	7.5%

	<4 months
	15
	24
	3.0%
	8.5%

	<20 weeks
	17
	26
	3.5%
	11.0%

	<6 months
	20
	28
	5.0%
	14.0%



ABO risk probability in treated women
The ABO risk probability in treated women was assumed to depend on the timing of syphilis treatment during the pregnancy. A curve of ABO risks was fitted (indicating a country’s average across all pregnancies) that increased exponentially with later timing of first ANC, the pattern established in meta-analyses by Qin et al. (1) and Hawkes et al. (2)). 

In the fitted curve (Figure S1.1), the ABO risk is below the value used in previous WHO estimates (fixed at 8.2%) ((3, 4). The latter had been based on a meta-analysis of ABO risks to untreated mothers in 6 studies in 5 countries (5), combined with estimates of the effectiveness of treatment (at any time during the pregnancy) in reducing that risk (6) from meta-analysis of between 3 and 8 studies (the number varying by outcome) in selected countries. In contrast, our country-stratified ABO risk assumption (Figure S1.1) approached 0 for very early ANC enrolment, fitting with low CS case reports in some countries that qualified for WHO certification of CS elimination, where CS case reports are believed to be reasonably complete given their near-universal coverage of (early) ANC (7, 8). 

Our fitted ABO risk curve corresponded to an odds ratio of ABO between women with ANC1 in the third versus the first trimester of pregnancy of 5.0. This is similar to the 4.9 odds ratio (64% relative to 13%) in the Qin et al. meta-analysis (1) and higher than the 2.24 odds ratio found in the Hawkes et al. meta-analysis of a subset of the same studies (2). 

Applying the ABO risk gradient to the 216 country-years with data on the timing of ANC1, the median country-specific ABO risk was  4.5%, the average was 5.0% and the country values ranged from 2.3% (UK 2010 survey) to 12.5% (Tunisia  1989-1995 survey) (Figure S1.1A).   

The corresponding regional median ABO risks were extrapolated from the subset of surveys with data from in 2010 or later (Figure S1.1B), and these were used for countries without a survey of timing of  ANC1. The regional medians were: 6.8% (range, 3.7-10.4%) in the African Region, 4.4% (2.7-6.8%) in the Region of the Americas, 5.5% 3.5-12.5%) in the Eastern Mediterranean Region, 3.4% (2.3-6.0%) in the European Region, 6.0% (2.9-7.9%) in the South-East Asia Region and 4.7% (2.3-12.2%) in the Western Pacific Region.

Figure S1.1 Distribution of timing of first ANC visit, and corresponding ABO risk probabilities assumed as input to national ABO estimates: 
(A) for 216 surveys i.e. country-years that measured early ANC enrolment for pregnancies, conducted over 1990-2015, covering pregnancies over 1985 to 2015; (B) for a subset of surveys conducted within 2010-2015, covering pregnancies over 2005 to 2015.

1. 							(B)
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Note to Figure S1.1: Blue dots represent ABO risk assumptions for given average times of first ANC as measured in surveys; the red dashed lines represent the ABO risk assumption in the WHO 2008 and 2012 CS estimates.


Alternative global CS and ABO estimates, varying the assumed ABO risk to treated mothers
Finally, we assessed the sensitivity of global CS and ABO results, to the assumed ABO risk remaining for mothers treated after ANC-based testing. This assumption made little difference to the estimated global CS and ABO numbers and rates, as the assumption only applied to the subset of syphilis-infected mothers who were diagnosed and treated, and mainly so in lower-syphilis-burden countries (Table S1.2).


Table S1.2  Global CS and ABO estimates, 2012 and 2016 under alternative assumptions of the ABO risk to syphilis-infected, treated mothers

	[bookmark: _Hlk522806961]Scenario of ABO risk to syphilis-infected, treated mothers
	CS case rate: average*
	CS case number: total
	ABO number: total

	
	2012
	2016
	2012
	2016
	2012
	2016

	Best estimate: gradient, depending on countries’ timing of first ANC visit 
(global average*: 5.1%)
	539
	473
	748,000
	661,000
	397,000
	355,000

	ABO risk for treated mothers: 0%
	527
	456
	731,000
	638,000
	380,000
	332,000

	ABO risk for treated mothers: 8% fixed (as in WHO 2008 and 2012 estimations)
	543
	477
	753,000
	667,000
	402,000
	361,000


	
Footnotes to Table S1.2: Totals and averages for 205 countries. 
* Pregnancies-weighted average.
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