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ABSTRACT

Introduction
India has the highest burden of leprosy in the world. Following a recent WHO guideline, 

the Indian National Leprosy Programme is introducing post-exposure prophylaxis with 

single-dose rifampicin (SDR-PEP) in all high-endemic districts of the country. The aim of 

this study is to estimate the long-term cost-effectiveness of SDR-PEP in different leprosy 

disability burden situations.

Methods
We used a stochastic individual-based model (SIMCOLEP) to simulate the leprosy new 

case detection rate trend and the impact of implementing contact screening and SDR-

PEP from 2016 to 2040 (25 years) in the Union Territory of Dadra Nagar Haveli (DNH) in 

India. Effects of the intervention were expressed as disability adjusted life years (DALY) 

averted under three assumption of disability prevention: 1) all grade 1 disability (G1D) 

cases prevented; 2) G1D cases prevented in PB cases only; 3) no disability prevented. 

Costs were US$ 2.9 per contact. Costs and effects were discounted at 3%.

Results
The incremental cost per DALY averted by SDR-PEP was US$ 210, US$ 447, and US$ 5,673 

in the 25th year under assumption 1, 2, and 3, respectively. If prevention of G1D was 

assumed, the probability of cost-effectiveness was 1.0 at the threshold of US$ 2,000, 

which is equivalent to the GDP per capita of India. The probability of cost-effectiveness 

was 0.6, if no disability prevention was assumed. The cost per new leprosy case averted 

was US$ 2,873.

Conclusions
Contact listing, screening and the provision of SDR-PEP is a cost-effective strategy in 

leprosy control in both the short (5 years) and long term (25 years). The cost-effective-

ness depends on the extent to which disability can be prevented. As the intervention 

becomes increasingly cost-effective in the long term, we recommend a long-term com-

mitment for its implementation.
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InTRoduCTIon

Leprosy is an infectious disease caused by Mycobacterium leprae affecting mainly the 

skin and peripheral nerves, and may lead to life-long disability when untreated. Three 

disability grades are recognized: grade 0 (no disability); grade I disability (G1D); and 

grade II disability (G2D), the latter being more severe including visible deformities. 

Globally, 208,619 new cases were detected in 2018 [1]. Due to a long incubation period 

[2], an infected person may remain asymptomatic and undetected for a long time and 

can transmit the bacteria to others. The introduction of multidrug therapy (MDT) in the 

1980s substantially decreased prevalence of the disease, but the new case detection 

rate (incidence) remained almost stagnant [3]. Therefore, the goal of leprosy elimina-

tion and past investments into this goal are at risk [4].

In India, 18.7% districts are still reporting more than one new case per 10,000 popula-

tion. The National Leprosy Eradication Programme (NLEP) aims to eliminate leprosy in 

these high-endemic districts [5]. There are, however, important challenges to interrupt 

transmission of M. leprae. The current leprosy burden is underestimated and needs 

correction by accounting for hidden cases [6, 7]. Active case finding needs to be inten-

sified for early detection and treatment. The available prevention methods, such as 

post-exposure prophylaxis through single-dose rifampicin (SDR-PEP) needs a scale-up 

to demonstrate its impact. This is challenging [8], as countries need information for 

the introduction of new interventions such as on the cost-effectiveness, duration of 

implementation, expected outcomes, and uncertainties.

SDR-PEP was field-tested in the Union Territory of Dadra and Nagar Haveli (DNH) between 

2015 and 2018 as part of the Leprosy Post-Exposure Prophylaxis (LPEP) program [9]. The 

LPEP program was designed to assess the feasibility and impact of contact tracing and 

SDR-PEP to asymptomatic contacts of leprosy cases [10]. The necessary complemen-

tary activities to the routine leprosy programme were contact listing, screening, and 

follow-up. Additionally, LPEP also increased the awareness of leprosy in the community 

[9]. In DNH a total of 30,295 contacts received SDR-PEP between 2015 and 2018. The 

distribution of SDR-PEP is currently ongoing, but now as a routine activity under NLEP.

The LPEP program systematically captured relevant data that can guide the scale-up of 

the intervention [9, 11]. The actual impact of SDR-PEP however, is difficult to observe 

in a three-year programme, because of the existing backlog of leprosy cases. Therefore, 

we use mathematical modelling to estimate the long term impact of SDR-PEP on the 

NCDR. The aim of this study is to estimate the long-term cost-effectiveness of SDR-PEP 

in different leprosy disability burden situations. The results can assist governmental 
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and non-government organisations in planning their investment for leprosy control and 

ultimately contribute to a global investment case for leprosy elimination [12].

MeThodS

ethics statement
The study was conducted under the Leprosy Post Exposure Prophylaxis (LPEP) program, 

approved in India by the Institutional Human Ethics Committees of the National Institute 

of Epidemiology (NIE/IHEC201407-01).

Study setting
DNH is highly endemic for leprosy with the highest annual new case detection rate 

(ANCDR) in India in 2017 [13, 14]. Until recently DNH also had a high number of child 

cases, which is considered an indication of active transmission of M. leprae [13]. More 

than half of the DNH population is tribal (Census 2011), living mostly in rural areas 

with limited resources. Despite the highest ANCDR in DNH, the G2D rate is low (0.37% 

of all new cases) compared to other endemic parts of India [14]. In DNH, the uptake 

of leprosy services and public health expenditure is better than the neighbouring areas 

[15, 16]. The supplemental S1 Table provide detailed information on demography, 

socioeconomics and epidemiology of DNH.

Model description
We used the stochastic individual-based model SIMCOLEP to predict trends of the new 

cases per 100,000. The model simulates life-histories of individuals and the spread of M. 

leprae in the population in DNH. Transmission can occur when an infectious individual 

has contact with a susceptible individual. Two transmission processes are modelled 

separately: transmission in the general population and within-household. The latter 

reflects the increased risk of transmission among close contacts. The natural history 

of leprosy was modelled following the same methodology as described in Fischer et al. 

2010 and Blok et al. 2015 [17, 18]. In the model, infected individuals can develop either 

paucibacillary (PB) or multibacillary (MB) leprosy following the observed MB / PB ratio 

(i.e. 26/74). In the model, PB leprosy cases are assumed to self-heal with a rate of 20% 

per year, while MB leprosy remains chronic until detection and treatment (S2 Table). 

Leprosy control includes passive case detection and treatment with multidrug therapy 

(MDT), and additional active case finding activities such as contact tracing and survey. 

In the model, the quality of the control programme is reflected by detection delays, and 

active case finding activities are specified using annual coverage rates.
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The model was fitted to the leprosy trends in DNH. The model was quantified with de-

mographic data from the census (S3 Table). The model was then fitted to the household 

size distribution in DNH (Figure S1). The transmission risk (i.e. contact rate) and the 

passive case detection delays mimic historic NCDR trends (S2 Table). Data were used 

from NLEP for the period 1995-2015. The model was first calibrated to data points 

until 2012, then validated for the years 2013-2015 (Figure S2). After validation, the 

model was calibrated using the complete dataset. This was regarded as the situation of 

continuation of the routine national programme prior to the introduction of the LPEP 

program. Projections of the NCDR trend were based on 1,000 runs.

Modelled scenarios
We compared two scenarios: A) the SDR-PEP intervention; and B) the continuation of 

the routine programme. The SDR-PEP intervention represents the LPEP program in ad-

dition to the ongoing NLEP in DNH. The necessary complementary activities to the rou-

tine leprosy programme were contact tracing, screening, and follow-up. SDR-PEP was 

provided to contacts without leprosy or other contra-indications. A contact detected 

with leprosy during screening was referred for MDT treatment. Contacts were listed 

retro- and prospectively. Retrospective tracing includes contacts from leprosy patients 

diagnosed up to 2 years prior to the intervention programme in 2015. Additionally, the 

programme also increased the awareness of leprosy in the community [9]. On average, 

26 contacts were screened per index patient. Based on results from the COLEP trial, 

we assumed that the effectiveness of SDR-PEP was higher among neighbours and social 

contacts (70%) than household contacts (50%) [19].

Predictions of the number of new MB and PB leprosy cases were made from 2015 until 

2040 for the SDR-PEP intervention and the routine programme scenario (Figure S3). 

Using age proportions of leprosy patients in DNH of the last 6 years (2013-2018), the 

modelled new MB and PB leprosy cases were apportioned into five age groups: 0-4, 5-14, 

15-44, 45-59, and 60+ years. We also predicted the annual number of contacts that 

received SDR until 2040 (Figure S4).

disability-adjusted life years
Health effects were measured as disability adjusted life years (DALYs). Leprosy disability 

weights were obtained from the global burden of disease study (GBD 2017), which were 

0.011 for G1D and 0.067 for G2D [20]. We assumed that disability is irreversible and that 

leprosy does not cause any mortality; therefore, the DALY is equal to years lived with 

disability (YLD). The DALYs were calculated as follows:

DALY(t) = ∑na

a=1 (IG1D(a,t) ∙ DG1D ∙ (a)) + (IG2D(a,t) ∙ DG2D ∙ L(a))
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With:

na= number of age groups (0-4, 5-14, 15-44, 45-59, 60+ years);

IG1D (a,t)/IG1D(a,t)= Number of cases with G1D / G2D per 100,000 in age group a at 

time t;

DG1D/DG2D = Disability weights for G1D/G2D;

L(a) = Life Expectancy of age group a. Data obtained from SRS Based Life Table 2011-15, 

Census of India

The annual number of new cases with G1D and G2D in the SDR-PEP intervention and 

routine scenario were estimated using the modelled new MB and PB leprosy cases per 

year. Since no data were available on the proportion of new cases with G1D and G2D 

among PB and MB leprosy cases, we made the following assumptions to calculate the 

number of cases with G1D and G2D:

1. 3.6% of total leprosy cases have G2D (following the reported statistics on leprosy in 

India [14]; all G2D cases emerge from MB leprosy cases.

2. All remaining MB leprosy cases have G1D.

3. 50% of the total PB leprosy cases have G1D.

4. All remaining PB leprosy cases have no disability.

As the SDR-PEP intervention scenario includes active contact tracing and screening, it is 

highly likely that the time until diagnosis would be reduced, which would prevent (pro-

gression to) disability. To account for this in the SDR-PEP intervention, we calculated 

DALYs under three assumptions of disability prevention (Table 1):

1. Prevention of all G1D cases.

2. Prevention of G1D in PB cases only.

3. No additional prevention (i.e. same as routine scenario).

Table 1. Assumptions to estimate disease burden in the routine and SDR-PEP intervention scenario.
Assumptions Routine SDR-PEP intervention

Assumption 1:
All G1D cases 

prevented

Assumption 2:
G1D cases prevented 

in PB cases only

Assumption 3:
No disability 
prevented

1. 3.6% of total leprosy 
cases have G2D (emerged 
from MB leprosy cases)

Included Included Included Included

2. All remaining MB leprosy 
cases have G1D

Included Prevented by 
intervention

Included Included

3. 50% of PB leprosy cases 
have G1D

Included Prevented by 
intervention

Prevented by 
intervention

Included

4. All remaining PB leprosy 
cases have no disability

Included Included Included Included

Note: The shaded cells indicate whether the assumption was included in the analysis or not

6 Erasmus Medical Center Rotterdam



Costs
Costs of the intervention included the cost of contact listing, tracing, screening, and 

drug, and were calculated from the perspective of the health system. The composite 

cost for SDR-PEP intervention was estimated to be US$ 2.9 (95% CI: 2.5- 3.7) per contact 

[16]. The cost per contact was sampled 1,000 times and multiplied with the modelled 

number of contacts that received SDR-PEP to calculate the total costs of the interven-

tion in DNH per year.

Cost-effectiveness analysis
Cost-effectiveness of the SDR-PEP intervention was assessed using incremental cost-

effectiveness ratios (ICERs):

ICER =
CostSDR−PEP − CostRoutine

DALYSDR−PEP − DALYRoutine

DALYs and costs were cumulative and both discounted at 3%. The time horizon was 25 

years, i.e. 2016 to 2040, and cost-effectiveness was assessed at five-year intervals. 

We applied a willingness to pay (WTP) threshold equal to one and three times the 

GDP per capita of India 2017 as, i.e., $2,000 and $6,000, respectively, following the 

suggestion of the WHO [21]. If results were cost-effective at $2,000, we did not present 

the results using a threshold of $6,000. Using cost-effectiveness acceptability curves 

(CEAC), we assessed the probability of the SDR-PEP intervention to be cost-effective 

against a range of willingness-to-pay thresholds. This depicts the uncertainty associated 

with the results. [21, 22]. Additionally, we also calculated the incremental cost per new 

leprosy case averted by SDR-PEP. We used the BCEA package in the software R 3.6.1 for 

the analysis [23].

ReSulTS

Figure 1 shows the trend in annual cost of SDR-PEP implementation for the next 25 years 

(Figure 1A) and model predicted new cases detection rate per 100,000 persons (Figure 

1B). As the number of SDR-PEP for contacts depends on the number of new cases, both 

graphs showed a declining trend. In the first year, the cost was on average $16,000, 

but subsequently dropped to around $600 in the last five years due to the decreasing 

numbers of new leprosy patients. On average, the cost decreased by 11 % annually over 

25 years. The percentage decrease was highest in the 2nd year (74.1%) and least in the 

23rd year (4.9%).
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Figure 2 shows the trend in averted DALYs as a result of the SDR-PEP intervention under 

three assumptions of disability prevention. Over a period of 25 years, the number of 

averted DALYs were 250, 65 and 10 when assuming prevention of all G1D cases, preven-

tion of G1D case in PB leprosy cases and no prevention of disability, respectively.

Figure 3A presents the incremental cost and effect in the 25th year of the interven-

tion. The incremental cost to avert one DALY was US$210, US$447 and US$5,673 if 

Figure 1. SDR-PEP intervention (A) estimated cost and (B) predicted new cases detection rate per 
100,000 persons. (A) Points represent the mean cost in US$ per year and the error bars represent 
the 95% uncertainty interval based on 1,000 simulation runs. (B) The black line represents the 
mean new case detection rate and shaded region represents the 95% uncertainty interval based 
on 1,000 simulation runs.

Figure 2. Estimated cumulative DALYs averted as a result of the SDR-PEP intervention under three 
assumptions of disability prevention. Points represent the mean cumulative DALYs averted per 
year. The error bars represent the 95% uncertainty interval based on 1,000 simulation runs.
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we assumed prevention of all G1D cases, prevention of G1D case in PB leprosy cases 

and no prevention of disability, respectively. The probability of cost-effectiveness at a 

willingness to pay threshold of US$2,000 was 100% in the two scenarios with assumed 

prevention of disability (Figure 3B). In the scenario without prevention of disability, 

there is 60% chance that the intervention is cost-effective given a willingness-to-pay 

threshold of US$ 6,000. The cost per new leprosy case averted was US$ 2,873.

Table 2 provides results at five-year time intervals. In the assumption 1 and 2, the 

incremental cost to avert a DALY remained under the WTP threshold of US$ 2,000 in 

all the intervals. There was a high probability (CEAC 0.94-1.00) that the result remains 

cost-effective under uncertainty. In both assumptions, the SDR-PEP intervention be-

comes more cost-effective with increasing time horizon. In assumption 3, which was 

conservative in assuming the reduction in disability as a result of the intervention por-

gramme, the incremental cost-effectiveness ratio crossed US$ 2000 but remained below 

WTP threshold of US$ 6000. The probability of the intervention to be cost-effective was 

0.6 at the 25th year.

In a sensitivity analysis, we explored what the proportion of G1D prevented should be in 

order for the intervention to be cost-effective with a 90% probability. The break point 

is at 40% of G1D prevented in PB cases.

Figure 3. Cost-effectiveness plane and acceptability curve of assumption 1-3 at 25th year. (A) Red 
dot represents the incremental cost-effectiveness ratio, and dotted line represents the threshold. 
(B) Blackline represent the cost-effectiveness acceptability curve.
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dISCuSSIon

The aim of this study was to estimate the cost-effectiveness of SDR-PEP in different 

leprosy disability burden situations. The SDR-PEP intervention was very cost-effective 

when we assumed that G1D cases could be completely or partially prevented. In those 

cases, the cost-effectiveness was attained within the first 5 years, which indicates that 

SDR-PEP can be quick in returning the investment. Even when no prevention of dis-

ability was assumed, the ICER remained below the willingness-to-pay threshold, but 

only in the long term.

The annual cost of SDR-PEP implementation was highest at the start of the interven-

tion and decreased sharply over time. The SDR-PEP intervention will not be resource-

intensive for a long time and the cost may come down to an affordable level for the 

general health care system within 7-10 years of implementation (Figure 1A). The ‘cost 

per new leprosy case averted’ was high, but this measure cannot be considered similar 

to cost-effectiveness, because WHO guidelines on cost-effectiveness analysis allow 

conclusions only on ‘DALYs averted’ and not on ‘cases prevented’ [21]. However, the 

cost per case is useful for programme planning and case base reimbursement.

Our results highlight that the assumptions regarding prevention of disability due to 

SDR-PEP implementation have a large impact on the cost-effectiveness of the interven-

tion. From literature, we know that active case finding with robust screening reduces 

Table 2. SDR-PEP incremental cost-effectiveness ratio and probability of cost-effectiveness at five 
year intervals.

Time horizon in years
Assumption 1:
All G1d cases 
prevented*

Assumption 2: G1d 
cases prevented in 

PB cases only*

Assumption 3: 
no disability 
prevented**

25 

ICER (US$/DALY averted) 210 447 5,673

Probability of cost-effectiveness 1.00 1.00 0.60

20 

ICER (US$/DALY averted) 218 476

Dominated 

Probability of cost-effectiveness 1.00 1.00

15 

ICER (US$/DALY averted) 230 521

Probability of cost-effectiveness 1.00 0.99

10 

ICER (US$/DALY averted) 253 607

Probability of cost-effectiveness 1.00 0.98

5 

ICER (US$/DALY averted) 312 843

Probability of cost-effectiveness 1.00 0.94

* Willingness to pay threshold: $2000
** Willingness to pay threshold: $6000
ICER: Incremental cost-effectiveness ratio
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detection delay of leprosy, thus preventing disabilities [11]. Additionally, prevention 

projects increase awareness in communities, which increase self-reporting and further 

reduce detection delay and disability [24]. The quality of screening is also better when 

accompanied with the distribution of a drug (SDR-PEP), because of the strict need to 

establish contra-indications and avoid adverse events [9, 25]. To be conservative, we 

only included assumptions on preventing G1D in the analysis. Prevention of all G1D can 

be regarded as optimistic, while prevention of some (e.g. 50%) G1D is a more realistic 

assumption. We did not assume any prevention of G2D (i.e. 3.6% of total cases remained 

G2D). It is, however, reasonable to assume that this proportion might go down too, 

especially in the long term. This would result in a higher number of DALYs averted, 

especially in areas reporting a high proportion of G2D such as Chhattisgarh (4.3%) and 

Andhra Pradesh (4.8%) [14]. Even when we assumed no prevention of disability, the 

ICER was below the WTP threshold of $6,000, which was cost-effective, but with a low 

probability of cost-effectiveness under uncertainty. However, the gap to achieve a high 

level of probability was not large.

Besides epidemiology, methodological factors can also influence cost-effectiveness. The 

first factor is the selection of a threshold. According to the WHO CHOICE guidelines, an 

ICER below GDP per capita is very cost-effective and below the three times of GDP per 

capita it is cost-effective [21]. Despite being commonly used, this rule is also criticized 

[26, 27]. Especially in low and middle income country settings, the suggested WTP 

threshold might be too optimistic. However, even if we would have assumed a WTP 

threshold that is equal to 50% of the GDP (i.e. US$ 1,000), the SDR-PEP intervention 

remains cost-effective if prevention of disability is taken into account. Formally the 

recommendation is to use the value of a statistical life (VSL). Because VSL accounts for 

productivity and consumption, it is higher than the GDP per capita [28, 29]. Further, 

some studies used GDP per capita at purchasing power parity (PPP), which is also higher 

than the GDP per capita constant [30].

The second factor is the disability weights (i.e. G1D = 0.011 and G2D = 0.067). In fact, 

these weights are not specific for leprosy and are generally considered to be too low 

[20]. As a result, the number of DALYs averted in this study is underestimated. It is 

important that leprosy disability weights should be updated and account more realisti-

cally for mental health problems, discomfort and reduced mobility due to leprosy [4, 

31]. Nevertheless, our estimates are in-line with GBD 2017 because we used the same 

disability weights.

To our knowledge, this is the first leprosy specific publication that presents the results of 

an cost-effectiveness analysis in DALYs averted. Existing leprosy cost-effectiveness stud-
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ies measured effects in terms of cases or consequences prevented [32-34]. The COLEP 

study looked at the cost-effectiveness of SDR-PEP in Bangladesh. This study reported 

an ICER of $158 per leprosy case prevented, ICER $214 in neighbours of neighbours and 

social contacts, ICER $497 in next-door neighbours, and ICER $856 among household 

contacts.

There are limitations to this study. First, our analysis has a health system and not a soci-

etal perspective. The patient’s opportunity cost to avail the SDR-PEP was not considered 

in the analysis. Second, the cost-saving by preventing cases and disabilities were not 

considered in the analysis. Third, data on the G1D proportion out of total disabilities 

was not available at any level. We could therefore not model this figure, but needed 

to assume the value. Finally, our results are only applicable to the Indian setting where 

contact tracing is formally part of the national programme, but its implementation 

level may vary in different states. The results are not necessarily applicable to other 

countries as the leprosy epidemiology and cost may vary considerably. We therefore 

recommend similar studies in the other endemic countries for global generalizability.

ConCluSIon

We conclude that contact listing, screening and the provision of SDR-PEP is a cost-

effective strategy in leprosy control in both the short (5 years) and long term (25 years). 

The cost-effectiveness of the SDR-PEP intervention depends on the extent to which 

disability can be prevented. As the intervention becomes increasingly cost-effective in 

the long term, we recommend a long-term commitment for the implementation of this 

intervention.
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AnnexuReS
S1 Table. Pre and post LPEP comparison of Dadra and Nagar Haveli (DNH) on demography, socio-
economics and epidemiology.
dn Indicators 2011

Demographic and socio-economic indicators

Population 343,709

Population growth (1991-2011) 57.4 %

Females (per 1000 males) 774

Scheduled tribes† 51.9%

Pre-lPeP (2014-15) Post lPeP (2018-19)

Epidemiology

Population* 409,015 424,394

New leprosy cases detected 318 75

NCDR (per 100 000 per year) 77.7 59.9

Grade II disability in new cases 2% (4.89 per million) Not available

New child cases (age <14 years) 66 (20.7%) 16 (Not available %)

New female cases 57.5% Not available

Prevalence/Registered patient 
rate (per 10,000 per year)

5.0 3.55

Multibacillary (MB) leprosy 35.8% Not available

Sources: Census 2011 and NLEP reports
NCDR: new case detection rate
† The Scheduled Castes (SCs) and Scheduled Tribes (STs) are officially designated groups of histori-
cally disadvantaged indigenous people in India.

S2 Table. epidemiologic data and parameters to quantify the model
data Years Source

epidemiologic data

New case detection rate 1995–2015 NLEP India [1]

MB / PB ratio of new cases 1995-2015 NLEP India [1]

BCG coverage 1980-2011 WHO [2]

Parameters Value Source

natural history of infection

Proportion susceptible 20% Assumption

MB / PB ratio 26 / 76 NLEP India [1]

PB subclinical duration mean 4.2 years; SD =1.9 (gamma 
distributed)

Fischer et al. 2010 & Fine 
1982 [3, 4]

PB self-healing rate 20% per year Fischer et al. 2010 & 
Sirumban et al. 1988 [3, 5]

MB subclinical duration mean 11.1 years; SD = 5.0 
(gamma distributed)

Fischer et al. 2010 & Fine 
1982 [3, 4]

Treatment

MDT use 1990 onwards
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S2 Table (continued)

data Years Source

MDT relapse rate 0.01 per year

To MB: 90%  

To PB: 10%  

Transmission

Infectivity function Meima et al. 2004 [6]

PB 0 

Asymptomatic MB Linear from 0 to 1 

Symptomatic MB 1 

Transmission rate

General population (3, 7)a Calibrated a 

Within households 0.98 Fischer et al. 2010 [3] 

Control

Passive case detection delays

Years of improved detection delay 1995, 1998, 1999, 2001, 
2011, 2012 

Based on data from NLEP 
India [1] 

 

Detection delay function: 

DD(t) = �
max − min

� + min
1 + eb∙(t−mid)

Min 2 Calibrated a

Max (20, 40)a 

Mid (0.05, 2)a 

b (slope) (0, 9)a 

Survey

Year 2002 Based on data from NLEP 
India [1] 

  Calibrated a 

  

Coverage (0.05, 0.2) 

BCG protection 60% Schuring et al. 2009 [7]

a Calibrated to match modelled leprosy new case detection rate trend to data. We randomly drew 
parameter values from uniform distributions within these intervals. The model was run with these 
parameter values, which were accepted if the fit was good. The goodness of fit was assessed using 
a log-likelihood assuming a Poisson distribution. We repeated this until we had 1,000 parameter 
combinations that produced a good fit. Uncertainty intervals, which reflect uncertainty in the pa-
rameter values, were calculated by discarding the 2.5% highest and lowest values.
1.  Programme), N.N.L.E., NLEP - Progress report 2017, Central Leprosy Division: New Delhi.
2.  WHO. Reported estimates of BCG coverage. [cited 2015; Available from: http://apps.who.int/

immunization_monitoring/globalsummary/timeseries/tscoveragebcg.html.
3.  Fischer, E., et al., Different mechanisms for heterogeneity in leprosy susceptibility can explain 

disease clustering within households. PLoS One, 2010. 5(11): p. e14061.
4.  Fine, P.E., Leprosy: the epidemiology of a slow bacterium. Epidemiological Review, 1982. 4: p. 

161-188.
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5.  Sirumban, P., A. Kumar, and P.N. Neelan, Healing time in untreated paucibacillary leprosy: a 
cross-sectional study. Int J Lepr Other Mycobact Dis, 1988. 56(2): p. 223-7.

6.  Meima, A., et al., The future incidence of leprosy: a scenario analysis. Bull World Health Organ, 
2004. 82(5): p. 373-80.

7.  Schuring, R.P., et al., Protective effect of the combination BCG vaccination and rifampicin 
prophylaxis in leprosy prevention. Vaccine, 2009. 27(50): p. 7125-8.

S3 Table. demographic data and parameters to quantify the model
demographic data

data Years Source

Population growth 1901–2011 Census India [8][8][8][8][8]
[8][8][8][8][8][297][297][298]
[298][41][1]

Fraction married 1991, 2001, 2011 Census India [9]

Survival rates 1995, 1999, 2003, 2007, 
2011

Census India [10]

Fertility rates 1990, 1993, 1996, 1999, 
2006, 2011

Census India [10]

Age distribution 2011 Census India [9]

Distribution of household size 2011 Census India [9]

Household movement parameters

Parameter Value Source

Fraction random movement 0.71 Calibrated a

Fraction creates own household 0 Assumption

Household size to move to Start =0, End = 4, 
Max =3 (Triangular 
distributed)

Calibrated a

Fraction of married couple creating own 
household

0.25 Fischer et al. 2010 [3]

Time until splitting of a married household 
from parental household

Mean = 12 
(Exponentially 
distributed)

Fischer et al. 2010 [3]

Fraction single widow(er)s moving back to 
children

1.0 Fischer et al. 2010 [3]

a Calibrated to match modelled household size distribution to data
1. Census India. Variation in Population since 1901. [cited 2018 July 11]; Available from: http://
censusindia.gov.in/Census_Data_2001/India_at_glance/variation.aspx.
2. Census India. Tabulations Plan of Census Year - 2011. [cited 2018 July 11]; Available from: 
http://www.censusindia.gov.in/DigitalLibrary/TablesSeries2001.aspx.
3. Census India. Sample Registration System. [cited 2018 July 11]; Available from: http://www.
censusindia.gov.in/2011-Common/Sample_Registration_System.html.
4. Fischer, E., et al., Different mechanisms for heterogeneity in leprosy susceptibility can explain 
disease clustering within households. PLoS One, 2010. 5(11): p. e14061.
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S1 Figure. The observed and modelled household size distribution.
The observed distribution is household size distribution of Dadra Nagar Haveli in India in 2011. 
Data were obtained from Census India (2011). The simulated distribution was obtained by fitting 
the model to this data. There is no significant difference between data and modeled distribution: 
India (p = 0.96, χ2- test).
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S2 Figure. Model calibration and validation of leprosy epidemiology in Dadra Nagar & Haveli India
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(A) Comparison of predicted trends with the observed numbers of all new cases and new multi-
bacillary leprosy cases. The model was fitted to the observed cases from 1995 to 2012. Short-term 
predictions (2013-2015) were evaluated to validate the model. Results are the average of 1000 
runs. The shaded area is the 95% uncertainty interval, representing the uncertainty in parameter 
estimates.
(B) Distribution of predicted numbers of new cases of leprosy in 2013-2015. The observed value 
for each year is indicated by a vertical black line. The observed data falls within the distribution 
for each year.
(C) Comparison of predicted trends with the observed numbers of all new cases and new multibacil-
lary leprosy cases. After evaluation, the model was fitted to the complete dataset (1995-2015), 
which will be used to make predictions beyond 2015. Results are the average of 1000 runs. The 
shaded area is the 95% uncertainty interval, representing the uncertainty in parameter estimates.

S3 Figure. Predicted impact of SDR-PEP intervention in Dadra Nagar & Haveli India
Predicted trends of a continuation of the routine programme and the SDR-PEP intervention. Results 
are the average of 1000 runs. The shaded area is the 95% uncertainty interval, representing the 
uncertainty in parameter estimates.

20 Erasmus Medical Center Rotterdam



S4 Figure. Contacts received SDR-PEP
Model outcomes are represented by means (bars) and 95% uncertainty intervals (error bars). Pre-
dictions were made for the years 2015 to 2040.
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