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Model structure 

 

Figure S1. Schematic presentation of the model structure. In both model variants E0 and E1, symptomatic 

individuals – VL (red) and PKDL (purple) – contribute to transmission. In addition, in model E1, asymptomatic 

individuals (yellow) contribute to transmission. In model E0, asymptomatic individuals do not contribute to 

transmission. For the original calibration of the mode, all asymptomatically infected (yellow) and symptomatic stages 

of infection (red and purple) were considered PCR-positive. DAT-positivity was linked to only the late asymptomatic 

stage, symptomatic stages, and the putatively and early recovered stages (light green), which we adopted in the 

current study. In addition, for the current study we consider the late asymptomatic and all symptomatic stages to be 

antigen positive, assuming that antigen levels will be too low to detect in the early stages of infection. 
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Model parameters 
Table S1. Parameters values used in simulations. 

Model parameter Valuea Source 

Human birth rate (per 1000 capita)  21 (Indian crude birth rate in 2011)  [1] 

Human mortality rate Age-dependent (Indian mortality 
rates in 2011)  

[2] 

Average duration of early 
asymptomatic stage (days) 

382 Fitted to KalaNet data [3,4] 

Average duration of late asymptomatic 
stage (days) 

136 Fitted to KalaNet data [3,4] 

Average duration of symptomatic 
untreated stage (days)  

60 (pre-control), 45 (attack-phase), 
30 (consolidation phase)  

[4–6] 

Average duration of symptomatic 
treatment 1 (days)  

2.5  [7] 

Average duration of symptomatic 
treatment 2 (days)  

10  [4,5,8] 

Average duration of putatively 
recovered stage (months)  

21 [9–11] 

Average duration of PKDL (years) 5 Expert opinion and [10] 

Average duration of early recovered 
stage  

482 Fitted to data in [3,4] 

Average duration of late recovered 
stage (years) 

2 Assumption based on [3] 

Relative infectiveness of early 
asymptomatic individuals 

0.0144 (model E1) or 0 (model E0) Fitted to data (E1) [4,12] or 
pre-set (E0) 

Relative infectiveness of late 
asymptomatic individuals 

0.0288 (model E1) or 0 (model E0) Fitted to data (E1) [3,4] or 
pre-set (E0) 

Relative infectiveness of symptomatic 
untreated cases 

1 Reference value 

Relative infectiveness of patients 
under treatment 1 and 2 

0.5 Expert opinion and [3] 

Relative infectiveness of PKDL cases  0.9 [13,14] 

Fraction of late asymptomatic 
individuals that become symptomatic 
untreated 

1.4% Fitted in [3,4] 

Fraction of untreated symptomatic 
cases that spontaneously, putatively 
recover 

0.03 [15] 

Excess mortality rate among untreated 
symptomatic cases (per day) 

1/150  Assumption 

Excess mortality rate among treated 
symptomatic cases (per day) 

1/120 Assumption [7,8] 

Fraction of failed first-line treatments 0.05 Based on data presented in 
Supplementary File 2 of [4] 

Fraction of putatively recovered cases 
that develop PKDL 

0.05 [4,16,17] 

Average life expectancy of the sand fly 
(days)  

14 [18,19] 

Average duration of incubation period 
in sandflies (days)  

5 [20] 

Sand fly biting rate (per day) 0.25 [21,22] 

Transmission probability sand fly to 
human  

1.0b  Reference value 

Age-dependent exposure to sand fly 
bites (relative to the exposure of an 
adult person) 

Zero at birth and increasing linearly 
to 1.0 at age 20 and stable from then 
onwards 

Assumption 

a  The parameter values listed here are the same for Models E0 and E1, unless indicated otherwise. 
b The probability that a susceptible person becomes infected when bitten by an infectious sand fly is assumed to be 1; 

potential overestimation is compensated by the parameter for sand fly density per human. 
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PRIME-NTD Summary Table 

 

Table S1. Policy-Relevant Items for Reporting Models in Epidemiology of Neglected Tropical Diseases 

(PRIME-NTD) Summary Table [23]. 

Principle What has been done to satisfy the 
principle? 

Where in the manuscript 
is this described? 

1. Stakeholder engagement At the end of October 2020, the design of the 
study and preliminary results were 
communicated to the WHO NTD office as 
part of an open online consultation for input 
on the monitoring and evaluation framework 
for the 2030 WHO NTD Roadmap 

It is not 

2. Complete model 
documentation 

Described in detail in previous open access 
publications and on Github 

Referred to previous 
papers in Methods, link to 
full open access of model 
code and documentation 
on Github in the methods 
section 

3. Complete description of 
data used 

Described in detail in previous publications Referred to particular 
datasets and previous 
papers in Methods [4,12] 

4. Communicating 
uncertainty 

Described in detail in previous publications 
and also highlighted in this paper  

 Methods [4] / discussion 

5. Testable model outcomes Not yet; in the future the model predictions 
can be compared to the KalaNet Revisited 
data 

 Discussion 
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Additional results 

 

Figure S2. Model-predicted time of occurrence of the first new VL case after scaling down control efforts 

against visceral leishmaniasis. Histograms show the frequency distribution of time over repeated simulations, for 

those simulations in which at least one new VL case occurred. The panels on the left show the timing of onset of 

symptoms of the first VL case, regardless of whether or not that case was detected (bars add up to 1.0). The panels 

on the right show the timing of when a new VL case was detected for the first time (bars add up to less than 1.0 

because in 1%-2% of the simulations the new cases remained undetected). 
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Figure S3. Model-predicted trends in age-specific antigenaemia prevalence after scaling down control efforts 

against visceral leishmaniasis. Lines represent biomarker prevalence from a randomly selected subset of 500 

simulations. Rows represent different age categories; columns depict simulations that resulted in occurrence (left) or 

absence of new VL cases (right), with the total number of simulations per outcome indicated at the top of each 

column (N). Predictions are based on the assumption that both symptomatic and asymptomatic infections contribute 

to transmission (model E1) and that all individuals are tested. Similar predictions assuming asymptomatic infections 

do not contribute to transmission (model E0) can be found in Figure S5. 
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Figure S4. Model-predicted trends in age-specific DAT prevalence after scaling down control efforts against 

visceral leishmaniasis. Lines represent biomarker prevalence from a randomly selected subset of 500 simulations. 

Rows represent different age categories; columns depict simulations that resulted in occurrence (left) or absence of 

new VL cases (right), with the total number of simulations per outcome indicated at the top of each column (N). 

Predictions are based on the assumptions that asymptomatic infections do not contribute to transmission (model E0) 

and that all individuals are tested. 
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Figure S5. Model-predicted trends in age-specific antigenaemia prevalence after scaling down control efforts 

against visceral leishmaniasis. Lines represent biomarker prevalence from a randomly selected subset of 500 

simulations. Rows represent different age categories; columns depict simulations that resulted in occurrence (left) or 

absence of new VL cases (right), with the total number of simulations per outcome indicated at the top of each 

column (N). Predictions are based on the assumptions that asymptomatic infections do not contribute to transmission 

(model E0) and that all individuals are tested. 
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Figure S6. Receiver-operator curve for prediction of recrudescence of transmission based on age-specific 

prevalence of DAT or antigenaemia up to two years after scaling down control efforts. Rows show receiver-

operator curves (ROC) for the two different biomarkers (DAT and antigenaemia prevalence) used to predict 

occurrence of a new VL case. Symbols indicate thresholds for biomarker prevalence at or above which the 

recurrence of at least one VL case was predicted. Columns depict ROC curves based on biomarkers measured on 

three different time points; rows depict different biomarkers.  Predictions are based on the assumptions that 

asymptomatic infections do not contribute to transmission (model E0) and that 500 individuals are tested for 

biomarker positivity. 
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Figure S7. Positive and negative predictive value of DAT and antigenaemia prevalence in adults (age 15+) for 

occurrence of at least one new VL case, given a choice of threshold value. Columns depict curves based on 

biomarkers measured on three different time points; rows depict different biomarkers. Note that the predictive values 

based on biomarker prevalences measured one or two years after scale-down (middle and right panels) are 

conditional on no new VL cases having been detected since scale-down. Predictions are based on the assumptions 

that asymptomatic infections do not contribute to transmission (model E0) and that 500 individuals are tested for 

biomarker positivity. 
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Figure S8. Positive and negative predictive value of DAT and antigenaemia prevalence in adults (age 15+) for 

occurrence of at least one new VL case, given a choice of threshold value. Colours represent tertiles of pre-

control case incidence; the colour legend indicates incidences ranges in terms of cases per 10,000 population per 

year. Columns depict curves based on biomarkers measured on three different time points; rows depict different 

biomarkers. Note that the predictive values based on biomarker prevalences measured one or two years after scale-

down (middle and right panels) are conditional on no new VL cases having been detected since scale-down. 

Predictions are based on the assumptions that both symptomatic and asymptomatic infections contribute to 

transmission (model E1) and that 500 individuals are tested for biomarker positivity. 
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Figure S9. Positive and negative predictive value of DAT and antigenaemia prevalence in adults (age 15+) for 

occurrence of at least one new VL case, given a choice of threshold value. Colours represent tertiles of pre-

control case incidence; the colour legend indicates incidences ranges in terms of cases per 10,000 population per 

year. Columns depict curves based on biomarkers measured on three different time points; rows depict different 

biomarkers. Note that the predictive values based on biomarker prevalences measured one or two years after scale-

down (middle and right panels) are conditional on no new VL cases having been detected since scale-down. 

Predictions are based on the assumptions that asymptomatic infections do not contribute to transmission (model E0) 

and that 500 individuals are tested for biomarker positivity. 
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Table S3. Proportion of simulations with age-specific prevalence of DAT >0%, stratified by outcome (absence 

vs. occurrence of at least one new VL case) and time (years) since scaling down control efforts. Model E1 

assumes that both symptomatic and asymptomatic individuals contribute to transmission, whereas in model E0, only 

cases of VL and PKDL transmit to sand flies.  

  Model E0  Model E1 

New VL case(s) 
after scale-down 

Time since 
scale-down 

Age 
0–4 

Age 
5–14 

Age 
15+ 

All 
ages  Age 

0–4 
Age 

5–14 
Age 
15+ 

All 
ages 

Yes 0 54.9 90.5 99.8 99.8  88.0 98.9 100.0 100.0 

 1 64.3 92.1 99.8 99.8  91.9 99.1 99.9 100.0 

 2 72.7 93.6 99.9 99.9  90.2 98.7 99.9 100.0 

No 0 2.1 15.5 48.2 48.8  4.0 17.1 44.2 45.0 

 1 1.2 10.5 35.0 36.1  2.0 11.1 34.0 34.8 

 2 1.1 6.3 24.9 25.6  0.4 5.0 24.4 25.0 

 

 

 
 
Supplementary Table S4. Proportion of simulations with age-specific prevalence of antigenaemia >0%, 

stratified by outcome (absence vs. occurrence of at least one new VL case) and time (years) since scaling 

down control efforts. Model E1 assumes that both symptomatic and asymptomatic individuals contribute to 

transmission, whereas in model E0, only cases of VL and PKDL can transmit to sand flies. 

  Model E0  Model E1 

New VL case(s) 
after scale-down 

Time since 
scale-down 

Age 
0–4 

Age 
5–14 

Age 
15+ 

All 
ages  Age 

0–4 
Age 

5–14 
Age 
15+ 

All 
ages 

Yes 0 24.2 71.3 95.7 96.2  56.8 94.2 98.8 98.8 

 1 37.6 75.9 97.0 97.3  72.7 94.1 98.9 98.9 

 2 49.0 81.5 97.4 97.6  75.2 91.5 98.2 98.2 

No 0 0.3 2.8 15.2 15.9  0.9 5.3 12.9 13.4 

 1 0.4 2.0 10.1 11.0  0.2 1.4 6.5 6.9 

 2 0.5 1.5 6.7 7.3  0.0 0.3 2.2 2.4 
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