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Spatial, seasonal and annual variation in identified VL case numbers
The burdens of identified VL cases in 2012 in the 8 districts in the CARE dataset are given in Table S1. These have been calculated from the data by dividing the number of identified cases in each district by the total population of its sub-districts that had at least 1 case between January 2012 and June 2013. The sub-district populations are taken from the 2011 Census of India and population growth has been taken into account using the average yearly percentage population growth per district, derived from the change in the district populations between the 2001 and 2011 censuses (1). The identified VL case burden in 2012 varied significantly by district, ranging from 0.29 cases per 10,000 capita per year for West Champaran to 5.03/10,000/year for Saharsa, though for most districts it was between 1 and 2 cases per 10,000/year. Figure S1 shows the monthly numbers of onsets of VL symptoms from January 2012 to June 2013 for each of the 8 districts. There is clear seasonal variation in the numbers of cases in the five highest burden districts (Saharsa, East Champaran, Samastipur, Gopalganj and Khagaria), with an annual peak between January and April. This seasonal variation in case numbers has also been observed in other studies (2,3) (though from monthly numbers of diagnoses rather than onsets of symptoms), and is almost certainly driven by seasonal variation in sandfly abundance. The lag(s) between the peak(s) in the sandfly population (believed to be in June-August and October-November (4–6)) and that in the incidence may therefore hold valuable information about the duration of asymptomatic infection prior to clinical VL. In all districts but West Champaran, the numbers of cases decreased between January to June 2012 and January to June 2013.
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[bookmark: _Ref344536340]Figure S1 Monthly numbers of onsets of symptomatic VL cases for districts in CARE data. Dashed line shows average monthly number of cases across the districts.


	District
	Number of identified VL cases *
	Population size**
	Annual percentage growth rate (%) ***
	Burden of identified cases (cases per 10,000 population per year)#
	Mean duration onset of symptoms to treatment (OT)  (days)
	Fraction T1 to T2##
	Level of IRS coverage(%) ###
	Start year of IRS 

	
	2012 
(Jan-Dec)
	2013
(Jan-June)
	2012
	2013
	2001-2011
	2012
	2012
	2013
	2012
	2012
	

	Saharsa
	988
	462
	1963972
	1998338
	2.34
	5.03
	33.3
	34.2
	6.4%
	72.46
	2011

	East Champaran
	884
	335
	5289197
	5392537
	2.61
	1.67
	53.5
	44.1
	7.3%
	63.16
	2011

	Samastipur
	562
	307
	4401084
	4476786
	2.30
	1.27
	38.2
	34.2
	14.0%
	56.68
	2011

	Gopalganj
	427
	242
	2625987
	2660501
	1.76
	1.63
	47.5
	42.8
	21.9%
	44.42
	2011

	Begusarai
	311
	148
	3039108 
	3093054
	2.37
	1.02
	21.6
	22.5
	10.8%
	62.09
	2011

	Khagaria
	223
	134
	1730364
	1764943
	2.67
	1.29
	36.6
	32.9
	14.5%
	58.14
	2011

	Patna
	192
	70
	5949098
	6044879
	2.15
	0.32
	44.9
	43.0
	9.4%
	58.70
	2011

	West  Champaran
	83
	48
	2879280
	2935300
	2.60
	0.29
	64.6
	60.6
	6.4%
	53.66
	2011

	Total /
Average
	3670
	1746
	2787809
	2836634
	2.35
	1.57
	42.5
	39.3
	11.3%
	58.66
	


Table S1. Overview of CARE data and Census data (2001, 2011), input for geographical cross validation.





















* Numbers include 37 individuals with estimated onset dates between 1st January 2012 and 30th June 2013 from known diagnosis dates and mean district onset-to-diagnosis times
** Estimated population size of affected sub-districts at 1st of July 2012 and 1st of April 2013.
*** District level population growth rates, calculated from the Indian census data 2001-2011
# Calculated as the total number of cases per district in 2012 divided by the population size of all affected sub-districts on the 1st of July 2012 * 10,000 
## T1 = treatment 1 and T2= treatment 2
### Calculated as the average of the percentage of patients houses that were sprayed in 2012 and the percentage of houses that were sprayed in the tola of patients in 2012
Official data on the annual numbers of VL cases in the 8 districts, collected by Thakur et al between 2006 and 2011, show a period of relatively constant numbers of cases between 2009 and 2011 (inclusive). This period of relative equilibrium is followed by a sharp decrease in incidence from 2011 to 2012 in the four districts with most cases (Saharsa, East Champaran, Samastipur and Gopalganj) (Figure S2). The districts with lower numbers of cases – Begusarai, Khagaria, Patna and West Champaran – also show a decrease in cases, but less steep. All 8 districts experienced a smaller decrease in the following period between 2012 and 2013. The numbers of cases in each district in 2012 recorded in the CARE data agree well with the official figures as presented by the State Surveillance Unit of the State Health Society Bihar (7) except for Samastipur, for which the number from the CARE data appears to be a considerable underestimate. Figure S3 shows the monthly numbers of VL diagnoses for all of Bihar from 2009 to 2012, which as in the CARE data have a clear seasonal pattern, with a peak between March and May (which is later than the peak in onsets due to the delay between onset and diagnosis). These data also show that the seasonal pattern in Bihar at state level was different for 2012, with a smaller peak in cases than in previous years followed by a large decrease in incidence over the rest of the year. This corresponds well with the general downward trend in cases at district level in 2012 observed in the CARE data, but suggests that the 2012 CARE data may not be representative of the `typical’ annual seasonal pattern. 
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[bookmark: _Ref344536279]Figure S2. Yearly numbers of cases in 8 districts in Bihar from 2006 to 2011 from Thakur et al (9) in 2012 from (7) and in 2013 from (10). Dots represent the 2012 CARE data (onset of symptoms) which is for most districts lower compared to the data presented here by Thakur et al.

Data cleaning
The data were extensively cleaned to correct inconsistencies in dates reported by patients or their relatives (such as patients reporting being diagnosed before their onset of symptoms). Dates were corrected by crosschecking with all available information on durations of illness, dates of diagnosis and treatment for VL, and treatment prior to diagnosis for each case; and dates were only changed when there was sufficient information to be confident of the correct date. The self-reported dates of onset of symptoms and times between onset of
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[bookmark: _Ref344536296]Figure S3. Monthly numbers of cases in CARE study districts from 2009-2013 from Annual Communicable Disease Surveillance Report, 2012, Bihar (7)
symptoms and start of treatment were used to fit the models. The monthly number of onsets per district was used as the incidence of ‘symptomatic untreated’ individuals in all models. Although the diagnosis dates are in theory more reliable (as more than half were taken from medical records), they include delays from onset to diagnosis, which differ between individuals and between districts. Hence the onset dates more accurately reflect, and enable fairer comparison of, seasonality in incidence across districts. Nevertheless, the diagnosis dates were used to correct inconsistencies in the onset dates.

There were 43 individuals in the data without an onset day or month, 42 of whom had a diagnosis date. The onset dates of the 42 individuals were estimated by subtracting the mean onset-to-diagnosis time for their district (for their year of diagnosis) from their diagnosis dates. Thirty-seven of the estimated onset dates fell between 1st January 2012 and 30th June 2013, and hence were included in the monthly numbers of onsets for each district (and in the figures in Table S1).

Onset-to-treatment time
Times between onset of symptoms and start of treatment varied significantly between districts with means ranging from 21.6 days in Begusarai to 64.6 days in West Champaran in 2012 (Table S1). The mean onset-to-treatment times decreased from 2012 to the first half of 2013 by 2 to 9 days for all districts apart from Saharsa and Begusarai, where the mean times both increased slightly. In both the Erasmus MC and Warwick models, this is accounted for by a step change in the mean duration of symptoms at the start of 2013.

Treatment duration
The majority of VL cases were treated with Miltefosine and the reported duration of 1st- and 2nd-line treatments was 28-30 days for most individuals, corresponding to taking a capsule daily or receiving daily injections for 4 weeks to a month. The average 1st and 2nd treatment durations are therefore taken as 28 days in all models. 

Fraction of VL cases progressing to 2nd treatment 
Across all 8 districts, the average proportion of VL patients who received a 2nd treatment was 11.3%. However, at district level the proportion ranged from 6.4% for Saharsa and West Champaran to 21.9% for Gopalganj. Hence we use the district-specific proportions in fitting the models.

PKDL 
The data include some cases of PKDL, but the numbers per district are very low, so have not been used to fit the PKDL incidence in the Erasmus MC models (PKDL is not included in the Warwick model). Approximately 2.5% of all the VL cases in the data developed PKDL, which is comparable to estimates from other field studies (8). This value is therefore used to determine the flow between ‘putatively recovered’ to ‘PKDL’ in the Erasmus MC models, both for the fitting and the predictions.

IRS coverage 
IRS coverage was calculated at district level from the CARE VL dataset and is based on the percentage coverage of spraying in 2012 in the house and/or neighborhood of the VL case. (Table S1) This approach is likely biased as only a subpopulation was interviewed in the CARE survey, however it represents the percentage coverage in VL endemic regions, which is what is being modeled in this study. Data on IRS coverage in the general population are unavailable for these years. For fitting the models, IRS at the calculated coverage levels was assumed to have started in 2011. When more detailed data become available in the near future, this can be included. A constant multiplication factor (representing the IRS efficacy), which was fitted, was used to convert the percentage coverage of IRS to the rate of reduction in sandfly density in the models. 
[image: BlckEndmctiesHstgrm.png]
Figure S4. Distribution of 2012 sub-district endemicities for CARE districts 
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