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SUMMARY 

 

Background and rationale 

Visceral leishmaniasis (VL) or kala-azar is a chronic infectious disease which poses a public 

health problem in the Indian subcontinent, East Africa and South America. In 2012, the 

estimated worldwide number of new cases of VL was between 200,000 and 400,000. 

Bangladesh, India and Nepal have entered into a joint commitment to eliminate VL as a 

public health problem from this region by the year 2015. The aim is to reduce the incidence 

rate of VL to less than one new case per 10,000 populations per year at sub-district level in 

these countries.   

In the Indian subcontinent VL is caused by the parasite Leishmania donovani and 

transmitted by a sand fly of the species Phlebotomus argentipes in the peridomestic 

environment. The sand fly breeds in moist soil littered with organic debris and rests inside 

houses in cracks and crevices of walls. There is no known animal reservoir. Prolonged fever 

of more than two weeks’ duration with enlarged spleen are the main signs and symptoms of 

VL, a syndrome that develops progressively into extreme wasting, anaemia and ultimately 

death if not treated – usually by secondary infections. Cure can be achieved in over 90% of 

cases with a full course of four weeks of the oral drug Miltefosine, amongst other regimens. 

The VL elimination strategy therefore builds on early case detection and management as 

well as vector control. 

In the Bihar state of India, VL is endemic in 33 out of 38 districts. The disease affects the 

rural areas, where the poorest families are most at risk. VL has catastrophic effects on the 

household economy of families of poor patients. Though the elimination program in this 

region was launched with much enthusiasm in 2005; several weaknesses in its set-up were 

identified in program reviews and research reports. Firstly, several basic facts about disease 

transmission and risk factors needed better understanding: the role of asymptomatic 

carriers, the role of PKDL cases, the vector behaviour, but also the behaviour of the 

epidemic itself. Epidemic peaks in Bihar have been observed approximately at 10-15 years 

interval since 1977. Is this interval between epidemic peaks a natural phenomenon, or is it 
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linked to the control interventions? What prediction can we make about the future 

expected number of cases? Secondly, the control strategies themselves seemed flawed to 

some extent, as the quality and effectiveness of the vector control operation was 

questioned, but also the case management strategy itself. If early case detection and 

treatment is so important to curtail the transmission of this anthroponotic pathogen, why 

was so little attention paid to full coverage of all VL cases at community level? Active case 

detection - though advocated- was hardly implemented. Thirdly, a major weakness of the VL 

elimination initiative was the epidemiological surveillance and health information system. 

It’s being curbed to the cases seen in the public sector mainly led to a major underreporting 

of VL cases in the official records, and, its focus on counting VL cases rather than on 

monitoring their outcomes led to very doubtful official records on relapse and death rates of 

VL patients. Hence in this thesis we set out to address a number of critical knowledge gaps 

that were slowing down the VL elimination initiative in Bihar, India, related to the general 

epidemiology of VL in Bihar, the control strategy and the health information system.  

 

Methods 

We conducted our research in the Muzaffarpur district of Bihar state which is one of the 

worst VL affected areas in the world. We prioritized a number of specific research questions, 

in function of their relevance for the elimination effort, in three different domains: 1. 

Epidemiology of VL, 2. VL control strategies and 3. Health information system. In the first 

section, we retrospectively analysed data on VL incidence in Muzaffarpur district, Bihar and 

studied the association with meteorological parameters. A second study investigated risk 

factors for sand fly abundance in houses. In the second section, we focused on one of the 

two major VL control strategies: case detection & management. We studied whether and 

how grassroots community health workers were able and willing to contribute to active case 

detection for VL. In section 3, we present the work we did on the health information system. 

In the context of a research program on drug resistance, we tried to develop new tools for 

the monitoring of clinical outcomes of VL patients. To understand how well the routine 

reporting system performs, we conducted a survey among a random sample of patients 

treated by the primary health centres. We assessed the cost and operational feasibility of 
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such surveys in respect to the routine surveillance system. We then developed a recording 

and reporting tool in the form of a register adapted from tuberculosis control program and 

field tested it in three primary health centres in the Muzaffarpur district. The last paper in 

this section describes how we set up a demographic and health surveillance system in the 

VL endemic area, as a platform for further demographic and health research in the study 

area. This platform cannot be operated on a routine basis by the health authorities, but will 

allow researchers to address some of the very specific remaining research questions on VL 

transmission, as well as other diseases, in the future. 

 

Results 

1. Epidemiology  

Between 1990 and 2008 over 70,000 new VL cases occurred in Muzaffarpur district. These 

cases were almost all reported by the public health facilities. The first major peak occurred 

around 1992 and the second one around 2007. We observed that the monthly distribution 

of VL cases followed a similar pattern over the study period, with the months of March-April 

always showing the highest number of VL cases. During 1990-1998 the eastern part of 

Muzaffarpur district used to have the highest incidence rates of VL which shifted later to the 

western part during the period 1999-2008. We found a significant association between 

rainfall and relative humidity with VL incidence. 

In a second study we studied indoor sand fly density to look for modifiable risk factors. We 

observed major variability in the indoor sand fly density between years and seasons. We 

found that sand flies were particularly abundant in thatched houses. Lower indoor sand fly 

density was associated with better housing conditions and wealth status of the household, 

independently of each other. However these factors explained only a small proportion of 

the overall variability of indoor sand fly density.  

2. Control strategies: active case detection and the role of village health workers 

The network of village level health worker, ASHAs and ANMs, is well organised in India. 

These health workers contribute a lot to other health programs but not to VL control. They 
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use mobile phones to contact patients and report back to the Primary Health Centres 

(PHCs). We showed that these health workers know the presenting symptoms of VL and its 

diagnosis rather well, but they were less aware of the recommended first-line treatment. 

They were ready to get involved in the VL control program and become involved in case 

detection and follow up of patients, and clearly are an untapped resource in the VL 

elimination effort.  

3. Health information system 

Our research work was geared towards the monitoring of clinical outcomes of VL. Our 

random survey showed that recording of treatment outcomes was rather flawed at the 

PHCs. Though a survey produces accurate information on treatment outcome, it was costly, 

labour intensive and as such not a method that the public health system can routinely apply.  

We therefore developed a register based tool for documenting clinical outcomes of VL 

treatment in the PHCs, inspired by the Retrospective Quarterly Cohort Monitoring method 

used in tuberculosis control programs. The tool was able to record patients’ treatment data 

and to generate reports on early and late treatment outcomes. It proved to be a useful tool 

and could easily be implemented by the PHCs. However, a majority of VL patients did not 

show up at the PHC for their control appointment six months after treatment, making it 

difficult to assess the late treatment outcomes. Therefore the involvement of ASHAs and 

ANMs to follow-up patients in their villages, and report their late outcomes, presents the 

most feasible solution to this problem.  

We further describe in a third paper in this section how the Muzaffarpur-TMRC Health and 

Demographic Surveillance System (HDSS), was developed in the Muzaffarpur district. It is 

the only HDSS in the world conducting research on VL. Currently the HDSS serves a 

population of over 105,000 in 66 villages. The HDSS collects data on vital events including 

pregnancies, births, deaths, migration, marriages as well as other socio-economic indicators 

at regular intervals. Incident VL cases are actively tracked. The HDSS team is experienced in 

conducting both qualitative and quantitative studies, sample collection and performing 

rapid diagnostic tests in the field. In each village, volunteers connect the HDSS team with 

the community members. The Muzaffarpur‐TMRC HDSS provides opportunities for studies 
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on VL and other Neglected Tropical Diseases (NTDs) and their interaction with demographic 

events such as migration.   

 

Conclusion 

VL is still a major public health problem in Bihar state, India. Our data showed geographic 

spreading over time into new areas, and a clear link with meteorological parameters. The 

housing and environmental conditions of the rural villages in Muzaffarpur district provide a 

natural habitat for the vector P. argentipes sand flies. Housing improvement is 

recommended. Our research on control strategies and information system led to a register-

based tool for monitoring clinical outcomes of VL treatment that was user-friendly, but the 

information on late treatment outcomes cannot be obtained without the involvement of 

community health workers. These ASHAs and ANMs are well organized and are ready to get 

involved in the VL control initiatives. Operational research of this kind can help the VL 

elimination program address some of its current weaknesses, but for addressing more 

fundamental research questions on VL transmission and control, a research platform as the 

Muzaffarpur-TMRC-HDSS provides a solid backbone for future research. 
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SAMENVATTING 

 

Inleiding 

Viscerale leishmaniase (VL) of Kala-azar (KA) is een chronische infectieziekte die in het 

Indische subcontinent, Oost-Afrika en Zuid-Amerika een probleem vormt voor de 

volksgezondheid. In 2012 waren er wereldwijd naar schatting tussen 200,000 en 400,000 

nieuwe VL gevallen. Bangladesh, India en Nepal hebben zich geëngageerd om samen VL als 

volksgezondheidsprobleem te elimineren uit deze regio tegen 2015. Er wordt gestreefd naar 

een daling van de VL incidentie in deze landen naar minder dan één nieuw geval per 10,000 

inwoners per jaar op (sub)-districtsniveau.   

VL wordt in het Indische subcontinent veroorzaakt door Leishmania donovani, een parasiet 

die in een peri-domestische omgeving overgedragen wordt door zandvliegen van het 

species Phlebotomus argentipes. De zandvlieg broedt vooral in vochtige aarde bezaaid met 

organisch afval en de volwassen zandvliegen rusten binnenshuis in scheuren en spleten van 

muren. Langdurige koorts van meer dan twee weken en een vergrote milt zijn de 

belangrijkste symptomen van VL, een syndroom dat zich progressief ontwikkelt en extreem 

gewichtsverlies en bloedarmoede veroorzaakt. Als VL niet behandeld wordt, dan volgt het 

overlijden – meestal door secundaire infecties. Genezing is mogelijk in meer dan 90% van de 

gevallen door middel van een volledige kuur van vier weken met het orale geneesmiddel 

Miltefosine, of andere behandelingsregimes. VL heeft geen dierlijk reservoir en de 

bestrijding van VL bestaat zowel uit vroegtijdige opsporing en behandeling als uit vector 

controle. 

In de staat Bihar, India, is VL endemisch in 33 van de 38 districten. De ziekte treft rurale 

gebieden, waar arme families het grootste risico lopen. VL heeft catastrofale economische 

effecten op de families van patiënten die in armoede leven. Hoewel het 

eliminatieprogramma in deze regio met groot enthousiasme gelanceerd werd in 2005, 

toonden onderzoeksrapporten verscheidene zwaktes in de opbouw van het programma 

aan. Ten eerste: een aantal basisfeiten i.v.m. ziekte-overdracht en risicofactoren moesten 

verder onderzocht worden: de invloed van asymptomatische dragers, de rol van PKDL 

gevallen, het gedrag van de vector, en ook gedrag van de epidemie zelf. In Bihar werden 
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sinds 1977 met een interval van 10-15 jaar epidemiologische pieken waargenomen. Is dit 

interval tussen pieken een natuurlijk fenomeen of is het gerelateerd aan de controle 

interventies? Kunnen we het aantal gevallen voor de toekomst voorspellen? Verder kwam 

er scepsis over de controle strategieën zelf, omdat de kwaliteit en de effectiviteit van de 

vector controle en de opsporingsactiviteiten in vraag werd gesteld. Als vroegtijdige 

opsporing en behandeling van de ziekte zo belangrijk zijn om de transmissie van deze 

anthroponose te stoppen, waarom werd er dan zo weinig aandacht geschonken aan het 

bereiken van alle VL gevallen in de dorpsgemeenschappen? Ondanks de aanbevelingen 

werd actieve opsporing van gevallen amper toegepast in de praktijk. Ten derde bleek het 

epidemiologisch surveillance en gezondheidsinformatie systeem het zwakke broertje van 

het VL eliminatie initiatief te zijn. Omdat de rapportage beperkt bleef tot de gevallen die 

zich in de overheidssector lieten behandelen, ontstond een zware onderrapportage van het 

aantal VL gevallen in de officiële cijfers. De exclusieve focus van het systeem op het tellen 

van het aantal VL gevallen zonder aandacht te hebben voor het resultaat van hun 

behandeling leidde tot zeer onbetrouwbare officiële cijfers i.v.m. de recidief – en 

sterftecijfers voor VL patiënten. Vandaar proberen we in deze thesis een aantal cruciale 

lacunes in de kennis aan te pakken die het VL eliminatie initiatief in Bihar, India afremmen, 

respectievelijk gerelateerd aan de algemene epidemiologie van VL in Bihar, de controle 

strategie en het gezondheidsinformatiesysteem. 

 

Methode 

Het onderzoek werd uitgevoerd in het district Muzaffarpur, provincie Bihar, één van de 

ergst getroffen VL gebieden ter wereld. We gaven prioriteit aan een aantal specifieke 

onderzoeksvragen in functie van hun relevantie voor het eliminatieprogramma, in drie 

verschillende domeinen: 1. epidemiologie van VL, 2. VL controle strategieën en 3. het 

gezondheidsinformatiesysteem. In het eerste deel hebben we retrospectief gegevens over 

de VL incidentie in Muzaffarpur, Bihar geanalyseerd en de associatie ervan met 

meteorologische parameters bestudeerd. Een tweede studie onderzocht de risicofactoren 

voor aanwezigheid van zandvliegen in de huizen. In het tweede deel van de thesis ligt de 

focus op één van de twee belangrijkste VL controle strategieën: vroegtijdig opsporen en 
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behandelen van gevallen. We bestudeerden of en hoe eerstelijns gezondheidswerkers in de 

dorpen zelf kunnen en willen bijdragen aan de actieve opsporing van VL gevallen. In deel 

drie presenteren we het werk i.v.m. het gezondheidsinformatie systeem. In de context van 

een onderzoeksprogramma over geneesmiddel resistentie hebben we geprobeerd om 

nieuwe instrumenten te ontwikkelen voor het opvolgen van de klinische resultaten van VL 

behandeling. Om te begrijpen hoe goed het routine rapportage systeem werkt, hebben we 

een willekeurige steekproef van patiënten die in eerstelijns gezondheidscentra behandeld 

werden onderzocht. We beoordeelden de kost en de operationele haalbaarheid van 

dergelijke enquêtes in vergelijking met het routine surveillance systeem. Vervolgens 

ontwikkelden we een aangepast register dat de eerstelijnscentra toelaat om routinematig 

de klinische resultaten van VL patiënten te bewaken, geïnspireerd op het register van het 

tuberculose controle programma. We hebben dat register in het veld getest in drie 

eerstelijnsgezondheidscentra in Muzaffarpur district. Het laatste artikel in dit deel van de 

thesis beschrijft hoe we een demografisch en gezondheidssurveillance systeem opgezet 

hebben, als basis voor toekomstig demografisch en gezondheidsonderzoek in het 

studiegebied. Het is niet de bedoeling dat dit platform op routinematige wijze door de 

gezondheidsautoriteiten gebruikt wordt, maar het geeft onderzoekers de mogelijkheid om 

enkele van de zeer specifieke resterende onderzoeksvragen in verband met VL transmissie 

in de toekomst te beantwoorden.  

 

Resultaten 

1. Epidemiologie  

Tussen 1990 en 2008 waren er meer dan 70,000 nieuwe VL gevallen in het district 

Muzaffarpur. Deze gevallen werden bijna allemaal behandeld in de overheidssector. De 

eerste grote piek deed zich voor rond 1992 en de tweede rond 2007. We stelden vast dat de 

maandelijkse frequentie van VL gevallen een gelijkaardig patroon volgde doorheen de studie 

periode, met telkens het grootste aantal VL gevallen in maart-april. Tijdens de periode 1990-

1998 had het oostelijke deel van het Muzaffarpur district de hoogste VL incidentiecijfers. 

Voor de periode 1999-2008 was er een verschuiving naar het westelijke deel van het district. 
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Er blijkt een significant verband te zijn tussen regenval en vochtigheidsgraad enerzijds en VL 

incidentie anderzijds. 

In een tweede onderzoek bestudeerden we de hoeveelheid zandvliegen binnenshuis om 

wijzigbare risicofactoren op te sporen. We stelden vast dat de hoeveelheid zandvliegen 

binnenshuis zeer variabel is naargelang het jaar en de seizoenen. We constateerden een 

overvloed aan zandvliegen in huizen met een rieten dak. Een lager aantal zandvliegen 

binnenshuis was geassocieerd met betere woonomstandigheden en socio-economische 

status van het gezin, en dit onafhankelijk van elkaar. Deze factoren verklaren echter slechts 

gedeeltelijk de totale variabiliteit in de hoeveelheid zandvliegen binnenshuis.  

2. Controle strategies: actieve opsporing en de rol van lokale gezondheidswerkers 

India heeft een zeer goed georganiseerd netwerk van lokale gezondheidswerkers ( ASHA en 

ANM) in de dorpen. Deze gezondheidswerkers dragen enorm bij aan andere 

gezondheidsprogramma’s maar niet aan VL bestrijding. Ze gebruiken mobiele telefoons om 

patiënten te contacteren en om te rapporteren aan de Primary Health Centres (PHCs). We 

toonden aan dat deze gezondheidswerkers de symptomen en het diagnosticeren van VL vrij 

goed kennen, maar dat ze minder goed op de hoogte zijn van de aanbevolen 

eerstelijnsbehandeling. Ze waren bereid om betrokken te worden bij het VL 

bestrijdingsprogramma en bij de opsporing van VL gevallen en de follow-up van patiënten. 

Deze lokale gezondheidswerkers werden duidelijk onvoldoende betrokken bij het VL 

eliminatie project.  

3. Gezondheidsinformatiesysteem 

Ons onderzoek was gericht op de monitoring van de klinische resultaten van VL. Onze 

willekeurige steekproef wees op opvallende fouten in de routine registratie in de PHCs. 

Hoewel de steekproef meer accurate informatie opleverde over de resultaten van de 

behandeling, was deze methode duur, arbeidsintensief en als dusdanig niet routinematig 

toepasbaar in het gezondheidssysteem.  

We hebben daarom een alternatief instrument ontwikkeld: een register, gebaseerd op het 

concept van de ‘Retrospective Quarterly Cohort Monitoring’, die routine is in Tuberculose 

bestrijdingsprogramma’s. Dit register laat toe om gegevens over de behandeling van elke 

patiënt te registreren en om rapporten over vroege en late behandelingsresultaten te 
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genereren. Het register l bleek nuttig te zijn en kon gemakkelijk geïmplementeerd worden 

door de PHCs. Maar, de meerderheid van de VL patiënten verscheen niet op het PHC voor 

de controle afspraak 6 maanden na de behandeling. Dit maakt het moeilijk om de late 

behandelingsresultaten te beoordelen. Het inschakelen van de ASHA en ANM voor de 

follow-up van patiënten in hun dorp en voor het rapporteren van de late resultaten is de 

meest geschikte oplossing voor dit probleem.  

In een derde artikel in dit deel beschrijven we hoe het Muzaffarpur-TMRC Health and 

Demographic Surveillance System (HDSS) ontwikkeld werd in het district Muzaffarpur. Dit is 

het enige HDSS wereldwijd dat onderzoek voert naar VL. Momenteel bestrijkt het HDSS een 

populatie van meer dan 105,000 personen in 66 dorpen. Het HDSS verzamelt op regelmatige 

basis gegevens i.v.m. belangrijke gebeurtenissen zoals zwangerschappen, geboortes, 

overlijdens, migratie, huwelijken en andere socio-economische indicatoren. Nieuwe VL 

gevallen worden actief opgespoord. Het HDSS team heeft ervaring met het uitvoeren van 

kwalitatieve en kwantitatieve studies, staalafname en het uitvoeren van snelle 

diagnostische tests in het veld. In elk dorp brengen vrijwilligers het HDSS team in contact 

met de leden van de gemeenschap. Het Muzaffarpur‐TMRC HDSS laat toe om onderzoek te 

voeren naar VL en andere verwaarloosde tropische ziekten en hun interactie met 

demografische determinanten zoals migratie.   

 

Conclusie 

VL is nog steeds een ernstig probleem voor de volksgezondheid in Bihar state, India. Onze 

gegevens toonden de geografische spreiding naar nieuwe regio’s aan en een duidelijk 

verband met meteorologische parameters. De woonomstandigheden en de ecologie van de 

rurale dorpen in het district Muzaffarpur blijken een natuurlijke habitat te creëren voor de 

vector P. argentipes. Verbetering van de woonomstandigheden wordt daarom aanbevolen. 

Ons onderzoek naar bestrijdingsstrategieën en het gezondheidsinformatie systeem heeft 

geleid tot een register voor de monitoring van klinische resultaten van VL behandeling dat 

gebruiksvriendelijk is. Informatie i.v.m. de late uitkomst van behandeling kan niet verkregen 

worden zonder hierbij lokale gezondheidswerkers te betrekken. Deze ASHA en ANM zijn 

goed georganiseerd en bereid om ingeschakeld te worden bij de VL bestrijding. Dit type 
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operationeel onderzoek helpt het VL eliminatie programma om enkele van haar zwakke 

punten aan te pakken, maar voor meer fundamentele onderzoeksvragen i.v.m. VL 

transmissie en bestrijding biedt een research platform zoals het Muzaffarpur-TMRC-HDSS 

een stevige ruggengraat voor toekomstig onderzoek. 

   



25 
 

CHAPTER I. Introduction 

 

Leishmaniasis in the world 

Leishmaniasis is a group of vector-borne diseases caused by parasites of the Leishmania 

genus and transmitted by phlebotomine sand flies. It has three clinical forms: visceral, 

cutaneous and muco-cutaneous. Cutaneous leishmaniasis is the most common form of 

leishmaniasis worldwide with an estimated 0.7 – 1.2 million annual cases whereas visceral 

leishmaniasis (VL) is the most severe form and fatal if left untreated. VL is caused by two 

parasite species: Leishmania donovani and L.infantum. VL is endemic in 88 countries where 

350 million people are believed to be at risk (Figure 1). According to the latest estimate, 

approximately 0.2 to 0.4 million VL cases occur each year (Alvar J. et al. 2012). The Indian 

subcontinent, East Africa and South Americas are worst affected by VL. Over 90% of new 

cases occur in six countries: Bangladesh, Brazil, Ethiopia, India, South Sudan, and Sudan. The 

case-fatality rate is estimated to be 10%, with an estimated number of deaths to be 20,000 

to 40,000 each year (Alvar J. et al. 2012). Three VL endemic countries - India, Nepal and 

Bangladesh- have committed to eliminate VL as a public health problem from the region by 

2015. Their target is to reduce the annual VL incidence to less than one new case per 10,000 

inhabitants in all endemic districts (WHO 2005; Bhattacharya SK. et al. 2006).  

 

 

 

 

 

 

 

 

 

Figure 1: Global distribution of Visceral Leishmaniasis, 2010. Courtesy WHO 2011 
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Visceral Leishmaniasis, a public health problem in India  

L. donovani is the causal species in the Indian subcontinent, where the disease is commonly 

known as Kala-azar (KA), which means ‘Black fever’. Light coloured persons with VL indeed 

tend to show greyish discoloration of the skins of hands, feet, abdomen and face. Two thirds 

of the cases in the Indian subcontinent occur in India of which 90% occur in one single state, 

Bihar (Joshi A. et al. 2008). The epidemiological situation in Bihar, one of the poorest states 

in India, is therefore of major importance. Currently 33 out of 38 districts of Bihar are 

endemic for VL (Figure 2). Major epidemics occurred in this state with an interval of 10-15 

years, the first around 1977, and the second and biggest one in 1991-92 with over 250,000 

cases reported and more recently in 2006-2007 (Thakur CP. 2007). Figure 3 shows this trend 

in reported cases in Bihar, with the apparent 15-year cycle. Since the last epidemic in 2007, 

VL cases are on the decline again. The numbers of reported deaths from VL are also 

declining (Figure 4). 

 

 

 

Figure 2: Map of VL in Bihar (Source: Croft SL. et al.  2006;19:111-126) 
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However, the above data should be interpreted with much caution as serious 

underreporting of VL cases has been documented in Bihar at different places and different 

points in time (Singh SP. et al. 2005; Singh VP. et al. 2010). Therefore there exists much 

uncertainty about the true VL incidence in Bihar, and this issue is not limited to Bihar only. 

Official case records in India are based on reporting by the public sector only, but many 
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Figure 3: VL Cases in Bihar from 1977 to 2013 
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more patients are treated by private practitioners and NGOs; these cases are not routinely 

reported to the local government (Malaviya P. et al. 2011). The official figure for the 1977 

epidemic was 18,589 reported cases, but community data at the time put the true case load 

at an estimated 100,000 cases. The number of cases in the 1991-1992 epidemic was 

estimated at 250,000 cases, according to a survey done by the Ministry of Health, 

Government of India, while the officially reported figure at the time was 75,523 cases only 

(Thakur CP. 2007). In 1992 a community survey in India compared the officially reported 

data with the total case load in the community and concluded there was an underreporting 

by a factor of five (Desjeux 1992). Another study in 2001-03 in Muzaffarpur district in Bihar 

reported underreporting was present at a factor of eight (Singh SP. et al. 2006). A more 

recent estimate of underreporting has documented a factor of four in Vaishali district of 

Bihar (Singh VP. et al. 2010), and the authors of the study had tempted to attribute this 

decline to improved access to treatment in the public sector in recent years. Even in the 

public sector, case reporting can be much improved. In stark contrast with the tuberculosis 

program, duplicate recording and recording of relapsed cases as new is still common in the 

VL program in the absence of proper line listing of VL cases. Moreover, reporting of 

treatment compliance, final cure and treatment failure has been notoriously unreliable. In 

the year 2008, a study in Muzaffarpur showed that 25% of the patients treated by Primary 

Care Centres required a second treatment while the primary care centre was not aware of 

it, reporting an almost 100 % cure rate (Hasker E. et al. 2010). Default rates from treatment 

are high; many patients leave the PHCs in the middle of treatment and go to other facilities, 

mostly to private practitioners (Ostyn B. et al. 2013).  

Transmission 

Indian Kala-azar has the unique epidemiological feature of being anthroponotic, i.e. humans 

are the only known reservoir of infection (Bern C. et al. 2006, Joshi A. et al. 2008). Recently, 

some authors have suggested L. donovani infection in some domestic animals in Nepal, 

without firmly establishing a role for these animals in the transmission cycle though 

(Bhattarai N. et al. 2010). VL is transmitted between humans by the bite of the infected 

female sand fly Phlebotomus argentipes (Barnett PG. et al. 2005). Both male and female 

sand flies feed on plant sugars for energy and longevity, but the females require a blood-

meal from a host animal in order to produce eggs. Female Phlebotomus argentipes pick up 
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the parasite L. donovani, while feeding on the infected human host and may transmit the 

parasite when taking a subsequent blood-meal from a different human host (Poché D. et al. 

2011, Poché RM. et al. 2012). The unique biological features of the vector ecology explain 

why in the Indian subcontinent the transmission takes place mainly in rural areas with heavy 

rainfall, high humidity and moderate to high temperature. Abundant vegetation, subsoil 

water, alluvial soil, mud constructed houses and presence of cattle and other livestock close 

to human dwellings provide an environment suitable for sand flies and hence the natural 

transmission of VL. In India the highest numbers of VL cases are reported during March-

April, with a second peak in July (Malaviya P. et al. 2011). The disease shows a very focal 

distribution; within the same village one or two clusters of households can be affected by VL 

whereas other nearby clusters remains disease free. This hyper-clustering of VL cases is 

explained by biological factors related to the eco niche of the vector but also by social 

determinants. VL is consistently associated with poor housing conditions and low socio-

economic status (Hasker E. et al. 2012). VL is known as the disease of the poorest of the 

poor; VL affected communities are socially and economically deprived, which is clearly 

reflected in their housing conditions (Boelaert M. et al. 2009, Alvar J. et al. 2006).  

 

History of VL in India 

Cases of a peculiar fever or Kala-azar were being reported in India way back in the 19th 

century around 1824-25. However the first official documents available date from 1882 in 

Assam by Dr. Clarke McNaught and from 1884 in Bengal by Dr. Hindley. In Bihar, kala-azar 

cases were first reported by Dr. Harold Brown in 1898 from Purnia district, which were 

similar to the cases in Bengal, reported in the same year by Dr. Ronald Ross. In 1903 the 

causative parasite was first discovered by two British doctors in India: Major W. B. Leishman 

from Calcutta and Dr. Charles Donovan from Madras. Later that year the parasite was 

named as Leishmania donovani by jointly accrediting both. The Kala-azar Commission of 

India in its first report in 1925 confirmed the sand fly theory of kala-azar transmission and 

the Phlebotomus sand fly as the insect vector.  

After independence, during 1953-64, DDT spraying for Malaria control killed more sand flies 

than mosquitoes and thus almost eliminated the kala-azar from the region. However the 
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control programme was discontinued in 1964 and chronic cases of kala-azar and PKDL were 

not taken care of properly. This resulted in a big resurgence in 1977 when there were more 

than 100,000 estimated cases in Bihar alone as described above. This time the control 

programme was discontinued only after three years in 1980, the year in which 13,620 VL 

cases were reported to the government hospitals. The biggest epidemic occurred in 1991 

with an estimated 250,000 cases (Desjeux 1992). This time the control programme was 

intensified by focusing on vector control through DDT spray as well as treating all the 

patients as early as possible. Once again the programme was discontinued after only three 

years as the state was reluctant to continue paying its share. Between 2000 and 2004, 

numbers of cases were declining. In 2005 the control programme was taken over by the 

central government of India. A centrally sponsored kala-azar elimination programme (KAEP) 

was then launched to eliminate VL from the region by the year 2010 by entering into an 

agreement with governments of Nepal and Bangladesh. The third big epidemic occurred in 

the period of 2005-11. During this period 186,021 cases were officially reported, on average 

26,575 cases per year.  

 

Figure 5: VL endemic areas in India. Circles indicate old foci of kala-azar; filled squares 

indicate kala-azar cases that occurred till 1982; squares indicate re-emergence of cases; 

rhombuses indicate new foci of kala-azar after 1982, (Source: Dhiman RC. et al 2010. 

Parasitology Research. March 2010, Volume 106, Issue 4, pp 763-773) 
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Diagnosis 

Common clinical symptoms of VL are prolonged fever of more than two weeks’ duration 

with enlarged spleen in a patient who does not respond to anti-malaria drugs. Loss of 

appetite, pallor, weight loss and weakness are also common in VL patients. In many patients 

enlargement of liver is observed but not to the same extent of that of the spleen. In some 

cases the skin gets dry, thin and scaly and hair may be lost. VL infected people rapidly 

develop anaemia. The typical presentation of advanced VL patients is with anaemia, 

cachexia and gross splenomegaly. This clinical picture is not specific enough though to 

warrant treatment and a laboratory confirmation is necessary in case of clinical suspicion. 

VL is diagnosed based on a combination of clinical signs (fever >2 weeks) with parasitological 

or serological tests. Common serological tests are Direct Agglutination test (DAT), rk39 

dipstick or ELISA. Parasitological tests involve visualizing the parasite in bone marrow, 

spleen or lymph node aspiration or in culture medium. At Primary Health Centre (PHC) level 

in Bihar, VL is confirmed based on the combination of clinical signs (including enlarged 

spleen) and a positive RDT (rk39-based). Patients presenting with relapse, or in whom there 

is continued suspicion of VL despite negative diagnostic tests, are referred to a tertiary 

centre for parasitological confirmation through splenic or bone marrow aspiration (Burza S. 

et al. 2013). 

 

Treatment 

Visceral leishmaniasis can be completely treated and cured however it requires prompt and 

complete treatment. Currently in India there are six drugs available for treating VL patients. 

These are Sodium Stibogluconate (SSG), Pentamidine Isethionate, Amphotericin B, 

Liposomal Amphotericin B, Paromomycin, and Miltefosine.  

For over 70 years SSG has been the only drug for treating VL patients. Now because of the 

high levels of treatment failure on SSG (Sundar S. et al. 2001), SSG is no more recommended 

and has been replaced by Miltefosine as a drug of choice in 2005. At the PHC level, 

Miltefosine is given for 28 days to treat new kala-azar cases. In case of treatment failure, 

relapse or recurrence, patients are referred to higher level health facilities such as district or 
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sub-district hospitals. In higher level facilities Amphotericin B is given daily or on alternate 

days for 15 – 21 days. For new patients Miltefosine is used even at higher level hospitals. 

Initial cure is defined as improvement of symptoms, cessation of fever, and reduction of 

spleen size at end of treatment (Burza S et al. 2013). 

 

Control 

As described above, India has observed three major VL epidemics around 1978, 1992 and 

2007 (Thakur C.P. 2007). A first organized and centrally sponsored control program was 

launched in India in 1990-91. This program had a major focus on vector control through 

residual indoor insecticidal spraying (IRS). In the year 2005 the Indian government along 

with the governments of Nepal and Bangladesh entered into an agreement to eliminate VL 

from the region by the year 2015. This time frame has now been revised and the new 

deadline is set at 2020. Prevention and control of VL requires a combination of intervention 

strategies aiming to break the transmission cycle by integrated vector control on the one 

hand and promptly treating all VL patients to reduce the reservoir of parasites on the other 

hand. There is not yet any vaccine available. 

Vector control 

The transmission cycle of the disease can be reduced or interrupted by controlling sand flies, 

especially because this vector species thrives in the peri-domestic environment. This is done 

by combining different approaches of vector control and prevention which include indoor 

and outdoor residual spray with insecticide (IRS), use of insecticide–treated bed nets, 

environmental management and personal protection. IRS for malaria eradication helped 

reducing VL cases during 1970’s and 1980’s (Joshi AB. et al. 2006). Under the National 

Vector Borne Disease Control Programme (NVBDCP) in India, integrated vector control 

approach has been adopted by collaborating with other vector-borne disease control 

programmes in order to share available resources and target several vector borne diseases 

(malaria, VL, dengue etc.) at the same time in an area. Probably due to this integrated 

approach, annual VL incidence was reduced by 70% in 2003 as compared to 1992 

(www.nvbdcp.gov.in). IRS does have its adverse effects and cannot be done everywhere, 

though it has been the mainstream measure in vector control since the 1990 epidemic. In 



33 
 

India, IRS with dichlorodiphenyltrichloroethane (DDT) up to 6 feet height from the ground is 

supposed to be applied twice a year on all walls of houses and cattle sheds. In Muzaffarpur, 

IRS coverage was only 12% in 2010 (Hasker E. et al. 2012) but over the last two years 

coverage has increased substantially. Still adequate IRS coverage is not as high as in should 

be, recent data (reported further in this thesis) show that 80-90% of households are now 

covered once in a year. Half-hearted IRS efforts may have contributed to the development 

of resistance against DDT in sand flies (Kishore K. et al. 2006).  

Insecticide treated bed-nets (ITNs) are another means of protecting humans from vector 

bites. These are the nets woven from fibres coated with insecticide which keep their 

protective efficacy for 2-3 years. ITN protect humans sleeping under them from sand fly and 

other insect bites and at the same time work as a baited trap as the incorporated insecticide 

kills the sand flies. Use of ITNs was found to be effective in reducing vector density in a 

cluster randomized trial in India and Nepal (Picado A. et al. 2010) but there was no effect on 

the incidence of L. donovani infection. Other (observational) studies did suggest an effect of 

ITNs against VL (Bern C. et al. 2000; Bern C. et al. 2005; Mondal D. et al. 2013). 

Social mobilisation 

The role of the community is crucial in VL control. Cases should be diagnosed and treated as 

early as possible. This on one side helps reducing the disease prevalence and prevents 

disabilities and deaths. On the other side it ensures that the infected person will not infect 

other sand flies. Currently highly effective and safe anti-leishmanial medicines for VL are 

available at all primary health care facilities and access to these medicines is improving. 

However, there is delay by the patients in presenting themselves at the appropriate health 

centre after onset of signs and symptoms. The delay is attributed by the fact that many of 

the patients present first to unqualified doctors in their vicinity. In Muzaffarpur district the 

median delay in reporting to PHC was 40 days (Hasker E. et al. 2010). Poor treatment 

compliance or not completing the full course of treatment is another serious problem as it 

may cause resistance against the drug to develop. This is due to the fact that the treatment 

currently available is long (28 days) and that patients often stop taking pills against medical 

advice after initial relief. The majority of patients do not turn up again after the end of 

treatment for their follow-up check-ups at 6 months. There are reports of treatment failure 

after the initial cure even in the patients who completed their full course of treatment. 
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Increasing rates of treatment failures with Miltefosine have been reported after a decade of 

use in India (Sundar S. et al. 2012) and after five years of use in Nepal (Rijal S. et al. 2013).  

All these scenarios highlight the need of social mobilization and awareness campaigns in the 

community. People should be educated to enhance adequate health seeking behaviour; 

here the role of community health workers (ASHA, ANM, and AWW) becomes increasingly 

important. Although they are willing to participate in the same way as in the tuberculosis 

control program, currently these workers are under-utilized in the VL elimination program 

(Malaviya P. et al. 2013). They should be used for efficiently and cost-effectively monitoring 

of drug intake and reporting early and late treatment outcomes (Malaviya P. et al. 2011). A 

variety of educational activities such as distribution of hand outs and printed materials, 

organizing exhibitions and camps, group discussion among the villagers as well as one to 

one personal communication can be effectively done by these health workers. Motivating 

community members and bringing them to such activities are already seen as part of their 

job related responsibilities.  

Active case detection 

Early detection and treatment of cases helps reduce transmission and helps monitor the 

spread and burden of disease. Active Case Detection (ACD) strategies include Camp strategy 

(fever camps with spleen examination and RDT with rk39), Index case(focal strategy i.e. 

house to house screening in the neighbourhood of recent VL cases), Incentive based 

strategy (case detection through village health workers who receive an incentive for every 

new case) and house-to-house screening strategy (as reference approach). A study has 

shown that in India the Camp strategy identified 80% of prevalent VL cases, with high cost-

effectiveness in comparison to house-to-house screening. The Index case strategy is also 

cost effective but has lower sensitivity. The incentive based approach was also effective and 

is based on the peripheral village health workers’ contribution (Singh SP. et al. 2011). The 

national Kala-azar Elimination Programme needs the right combination of different ACD 

strategies for areas based on the epidemiological profile, affordability and organizational 

feasibility in that area. However adequate time and resources are required for training, 

planning and strengthening referral services to overcome challenges faced by the programs 

in conducting ACD (Mamun H. et al. 2012). 
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The VL elimination initiative 

In 2005 the governments of Bangladesh, India and Nepal, launched a kala-azar elimination 

initiative. The objective of the kala-azar elimination initiative is to reduce VL incidence and 

mortality among the poor and most vulnerable population to a negligible level (WHO 2005; 

Bhattacharya SK. et al. 2006). A quantitative target was set: to reduce the incidence rate of 

VL below 1 per 10,000 per year at district level in Nepal, block level in India and upazilla 

level in Bangladesh by 2015, later extended to 2020. The main components of the VL 

elimination initiative are (i) active disease surveillance for early diagnosis and complete 

treatment; and (ii) integrated vector management. The elimination campaign focuses on 

breaking the transmission cycle by treating all the active cases including PKDL patients and 

by controlling sand fly populations through IRS. The strategy also foresees social 

mobilization and effective community participation (http://www.nvbdcp.gov.in/kal10.html). 

A surveillance system needs to be operational in all VL endemic areas and data on VL cases 

(actively and passively detected) must be timely reported by both public and private health 

facilities (Singh SP. et al. 2011; Mondal et al. 2009). Information on all the key variables 

should be collected in a manner which allows calculating the vital statistics at block level. All 

this information should go to a comprehensive information system for regular analysis and 

evaluation. Early case detection requires laboratory facilities to diagnose kala-azar and PKDL 

at PHC level and availability of drugs in adequate quantities at each level of the health 

system. Integrated vector management includes regular IRS spraying in all the houses and 

cattle sheds in the VL endemic areas and its proper monitoring. This is to be supported by 

environmental management, entomological surveillance and use of impregnated bed-nets 

(Joshi AB. et al. 2006; WHO-2014). Proper implementation requires regular training of 

health staff, peripheral health workers and vector teams on various aspects of the 

elimination program (Mondal et al. 2009). 

In summary, VL is a major public health problem for several states in the North-East of India, 

due to its fatal nature and its profound socio-economic impact on poor communities. The 

government has set an ambitious target for elimination of VL as a public health problem by 

2020. The main challenges faced by this elimination program are the poverty-related nature 

of the disease, the many barriers for patients to access VL diagnosis and care, the weak 

epidemiological surveillance with huge underreporting ratios, the weakness of the Primary 

Health Care system and the suboptimal quality of the control operations. 
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CHAPTER II. Background   

 

Study setting 

India is a country in South Asia between 28°36.8°N and 77°12.5°E. India is a federation 

composed of 29 states and 7 union territories spread over an area of 3,287,590 km2. Its 

landscape spreads between the Himalayas in the north and the Indian Ocean in the South 

and between the Bay of Bengal and the Arabian Sea from east to west. It is geographically 

the seventh largest country in the world and second most populous after China. India has 

over 1.2 billion of population and is the largest democracy in the world. The country is home 

to different faiths. Hindus make up 80% followed by Muslims (13.5%), Christians (2.3%), 

Sikhs (1.9%), Buddhist (0.8%), Jains (0.4%), Judas, Zoroastrians, and the Baha’i Faith. As per 

2011 census the population growth rate has been 1.76% per annum during 2001–2011 [1]. 

The human sex ratio at birth is 940 females per 1000 males. The median age of an Indian is 

26.2 years and life expectancy at birth is 68 years; 69.6 years for women, 67.3 for men [2]. 

Hindi is the official language and 21 regional languages are listed as scheduled languages.  

India is a tropical country and it has three clear seasons namely summer (March – June), 

rainy season (July – October) and winter (November – Feb). Sixty eight per cent of the 

population lives in villages and agriculture is still the main source of income for them. In 

2012 the Gross Domestic Product (GDP) of India was estimated to be 1.842 trillion USD. The 

average annual GDP growth rate has been 5.8% over the last two decades. The service 

sector makes up 66% of GDP, the industrial and the agricultural sector 17% each. The public 

expenditure on health is 1.58% of GDP which is far lower than the global median of 5%. 

Health care provision is one of the responsibilities of the state however private health 

facilities are widely available all over India. Access to public health care varies from 

adequate in urban areas to poor in most remote or rural areas. Malnutrition, high infant 

mortality, poor sanitation, lack of safe drinking water, communicable diseases and female 

health are some of the major health issues in India. Half of the rural population lives below 

the poverty line and struggles for access to health services, education and other basic 

services.  

 



38 
 

India’s public health system 

As the VL elimination effort cannot be understood without some knowledge of the 

organisation of the Indian health system, we describe its structure below.  

The organizational structure of the health care system in India is composed of six 

governance levels, viz.: 

1. National level: The Union Ministry of Health and Family Welfare (MoHFW) is the apex 

body and is headed by the cabinet health minister. The MoHFW has three independent 

departments each headed by a secretary: The Department of Health (DH), the 

Department of Family Welfare (DFW), and the Department of Indian Systems of 

Medicine and Homeopathy (DISMH). The Department of Health broadly deals with 

public health, medical services, medical education, food and drug standards, 

professional councils, and international aid and health research. The Department of 

Family Welfare is primarily responsible for family planning and maternal and child 

health. The DISMH deals with all matters relating to alternative systems of medicine 

(i.e., Ayurveda, Siddha, Unani, Homeopathy, Naturopathy and Yoga). 

A vast network of autonomous research and training institutions from all over the 

country supports the work of the Department of Health. These institutions are 

administratively under the central government. These include the National Institute of 

Communicable Diseases (Delhi), the Central Bureau of Health Intelligence (New Delhi), 

several apex and regional training institutes, and specialized institutions. It also includes 

the Indian Council of Medical Research in New Delhi and 6 Regional Medical Research 

Centers, and over20 specialized research institutions and laboratories across the 

country.  

2. State Level: The organization at this level is governed by the State Department of Health 

and Family Welfare in each State headed by a Minister in the state government and a 

Secretariat under the leadership of a Secretary (Health and Family Welfare). 

 

3. Regional level: Three to five districts form a region or zone which acts under the 

authority delegated by the State Directorate of Health Services. 
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4. District Level: The district level structure of health services is a middle level management 

and it is a link between the upper level (State and region) and the peripheral level 

structures (Community Health Centre/Primary Health Centre and sub-centre). Of note, 

in the State of Bihar, a district corresponds to a target population of 2 to 3 million 

inhabitants! 

 

5. Sub-divisional/Tehsil/Taluk/Mandal level: Throughout India there is a three-tier 

structure for local governance within the state, the Panchayati Raj system. The Tehsil or 

Taluka or Mandal is the second layer of this system. Above them is the district authority 

and below them are the gram panchayats, the body in charge at village level. At this sub-

divisional level, healthcare services are rendered through the office of the Assistant 

District Health and Family Welfare Officer (ADHO). 

 

6. Community level: This is the lowest level in the health organizational structure. The 

medical officers in-charge (MOIC) render their services through community and primary 

health centers.  

To assure uniform quality in health care throughout the country, the Indian federal ministry 

of health has set a number of standards. These Indian Public Health Standards (IPHS) are a 

set of uniform standards aimed to improve the quality of health care delivery in the country. 

IPHS were first published in January/February 2007 and revised in 2011 keeping in view of 

the changing demands and new programs, such as national disease control programs. IPHS 

have been used as the reference document for public healthcare infrastructure planning 

and upgrading in the States and Union Territories of India.  

The health services in India are delivered through 3-tier health care facilities: primary, 

secondary and tertiary.  

1. Primary level health care: This is the lowest level infrastructure and provides the first 

contact between community and health providers. It has two levels: sub-centres and 

primary health centers.  

Sub-centres (SCs): These are the most peripheral health institutions available to the rural 

population. For each 5000 of population (3000 in hilly and tribal areas) there should be 
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one sub-centre manned with two female Auxiliary Nurse Mid-wives (ANMs), one male 

multi-purpose worker (MMPW) and supported by village health workers such as ASHA 

(Accredited Social Health Activist) and Aangan Wadi Worker (AWW). A Sub-centre forms 

the interface with the community at the grass-root level, providing all the primary 

healthcare services. Sub-centres are expected to provide promotive, preventive and 

some curative primary health care services. These include maternal and child health 

care, immunization, family planning and contraception, water and sanitation, disease 

surveillance and other services. As Sub-centres are the first contact point with the 

community, the success of any nationwide program would depend largely on well-

functioning Sub-centres, providing services of acceptable standard to the people. 

Primary Health Centres (PHCs): PHCs are the first level at which qualified doctors of the 

public health sector are available for patients in rural areas, either directly reporting or 

referred from Sub-Centres. There should be one Primary Health Centre for 30,000 

populations in the plains and one per 20,000 populations in tribal and hilly areas. In 

some states of India such as Bihar, the term PHC includes a Block level PHCs and 

additional PHCs. Block PHCs are located at block HQ, cater for about 100,000 

populations and have varying numbers of beds, whereas additional PHCs serve a 

population of 20,000-30,000. Block level PHCs are established with the objective of 

being upgrade in the future to Community Health Centres with 30 beds and provide 

specialized services. PHC is a referral unit for six sub-centres that refer out patients to 

the Community Health Centre (30 bedded hospital) and other higher order public 

hospitals at sub-district and district level. According to the norms they have one medical 

officer, 14 Para-medical and other supporting staff. All PHCs should provide 6 hours of 

outpatient and 24 hours of emergency services; a majority has four to six in-

patient/observation beds. Apart from medical care they should also provide essential 

laboratory facilities such as routine urine, stool and blood tests, tests for malaria and TB, 

rapid test for water contamination, pregnancy, malaria and other diseases as per 

endemic zone etc. PHCs also monitor and supervise sub-centres, provide trainings to 

ASHAs and maintain registers for vital event (births and deaths) and report disease 

surveillance data to higher authority.  
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2. Secondary level health care: The secondary level infrastructure provides linkage 

between primary and tertiary care. At this level community health centres, sub-district 

and district hospitals provide their services to both rural and urban populations. 

Community Health Centres (CHCs): The Community Health Centre (CHC) is the first 

referral unit (FRU) for four PHCs and offers specialist care. CHCs constitute the 

secondary level of health care, and are designated to provide referral as well as 

specialist health care to the rural population. According to the norms each CHC should 

have at least 30 beds, one operation theatre, an X-ray machine, a labour room and 

laboratory facilities and is to be staffed at least by four specialists i.e. a surgeon, a 

physician, a gynaecologist and a paediatrician, supported by 21 paramedical and other 

staff. According to the IPHS guidelines Community Health Centres (CHCs) are established 

for every 120,000 population in the plains and 80,000 in tribal and hilly areas. CHCs act 

as Block level health administrative unit and gateway for referrals to higher level of 

facilities. All essential services should be made available at CHC level, which include 

routine and emergency care in Surgery, Medicine, Obstetrics and Gynaecology, 

Paediatrics, Dental and AYUSH and all the National Health Programs.  

District/ Sub-disctrict level hospitals: These are specialty hospitals catering the need of 

both urban and rural population at district/ sub-district level. Depending the size and 

population of district numbers of beds vary from 75 to 500. The essential services 

include OPD, indoor and Emergency Service. Specialty services include New-born Care, 

Psychiatric services, Physical Medicine and Rehabilitation services, Accident and Trauma 

Services, Dialysis services and Anti-retroviral therapy. Facilities include laboratory, blood 

bank, wards and pharmacy. 

3. Tertiary level health care: Central government owned national institutes and state 

governments owned medical colleges across the country are responsible for providing 

tertiary level health care in India. These institutions work as super specialty referral 

hospitals and support the health care needs of poor population who cannot afford 

private healthcare facilities. 
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Access to health care in the public sector in India 

About 30 per cent of India’s population lives in the urban areas. Urban population are more 

health aware and normally have easy access to health care. The health status of the urban 

population is generally better than that of the rural population (Table 1). 

Table 1: - Urban/rural health indicators  

 Below 

Poverty Line 

(%) 

Infant 

Mortality 

Rate 

(/1000 

births) 

Under 5 

Mortality 

Rate 

(/1000/yr) 

% children Under- nourished 

Urban  23.6 44 63.1 38.4 

Rural  27.1 75 103.7 49.6 

Total  26.1 70 94.9 47.0 

Source: National Family Health Survey-2  

 

Tertiary care health services in India are mainly concentrated in big cities and there is 

disproportion between rural and urban setup. People in rural areas requiring such level of 

services and care have to invariably travel to the big cities and more often than not to the 

major metropolitan cities to get the required treatment. There is inequity between urban 

and rural areas in terms of access to even the secondary level of health care. Hence, 

delivering good quality basic health services to the rural population is primarily the 

responsibility of peripheral level health centres i.e. Sub-centres and PHCs. Even though the 

targeted numbers of SCs or PHCs according to the population norm at the national level 

have by and large been achieved, there is wide geographical variation in their distribution. 

Bihar state has poor health indices and does not have adequate numbers of SCs and PHCs. 

Villages in remote areas hardly have any well-functioning SC and remain in dire need of 

health care. At national level there are more than adequate numbers of PHCs and doctors 

posted at PHCs but in Bihar on average a single PHC serves a population of 150,000 to 

200,000. For 1811 villages in Muzaffarpur district where nearly 4.4 million rural populations 

reside, there are only 16 PHCs. There are many vacancies for MMPWs and ANMs at Sub-
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centre level. Where these workers are present their contribution to national disease control 

program, disease surveillance and water quality monitoring is negligible. Lack of supervision 

and monitoring makes them under-perform. Many PHCs suffer with insufficient stock of 

essential drugs of common ailments, iron and folic acid tablets, contraceptive pills and 

vaccines. It is obvious that PHCs perform sub-optimally and are not delivering the expected 

quality of health and family welfare services. 

To address some of these weaknesses, India has tried to invest in community based health 

services in recent years. 

 

Community health services in India 

In April 2005, a special initiative was taken by the Indian government to address the health 

needs of underserved rural areas: the National Rural Health Mission (NRHM). The NRHM 

was initially tasked with addressing the health needs of 18 states that had been identified as 

having weak public health indicators, amongst which Bihar and other North Eastern States. 

The thrust of the NHRM is on establishing a fully functional, community owned, 

decentralized health delivery system with inter-sectoral convergence at all levels, to ensure 

simultaneous action on a wide range of determinants of health such as water, sanitation, 

education, nutrition, social and gender equality. Developing synergies within the 

fragmented health sector was expected to provide a focus on outcomes, measured against 

Indian Public Health Standards for all health facilities. NHRM works with a number of 

dedicated community-based health worker categories that have much potential to address 

the challenges posed by VL.  

Accredited Social Health Activists (ASHA) 

India has a well-developed network of village health workers called Accredited Social Health 

Activists (ASHA) [3]. ASHAs are essentially female health workers selected from the village 

itself and accountable to it. They are trained to work as an interface between the 

community and the public health system. ASHAs are key components of the NRHM and 

there should be at least one ASHA for each village of 1000 or more population. They are the 

first port of call for any health related demands of deprived sections of the population, 
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especially women and children, who find it difficult to access health services. ASHAs work 

voluntarily and are paid incentives in lieu of their services.  

Key Characteristics of ASHAs: 

 Health activist in the rural community  

 Female resident of the village married/ widowed/ divorced 

 Preferably in the age group of 25 to 45 years. 

 literate with formal education up to class eight 

Selection Process of ASHAs: 

ASHA are chosen through a rigorous process of selection involving various community 

groups, self-help groups, Aanganwadi Institutions, the Block Nodal officer, District Nodal 

officer, the village Health Committee and the Gram Sabha. 

Training and capacity building: 

Capacity building of ASHAs is a continuous process. ASHAs have to undergo 23 days of 

training in five episodes to acquire the necessary knowledge, skills and confidence for 

performing their designated roles. Empowered with knowledge and a drug-kit to deliver 

first-contact healthcare, every ASHA is expected to be a leader of community participation 

in public health programs in her village. After 6 months of her functioning in the village, the 

ASHA is sensitized on HIV / AIDS issues including STI, RTI, prevention and referrals and also 

trained on new born care. 

Remuneration of ASHAs: 

The ASHAs receive performance-based incentives for promoting universal immunization, 

referral and escort services for Reproductive & Child Health (RCH) and other healthcare 

programs, and construction of household toilets. They also receive financial compensation 

for training days. 
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Key roles and responsibilities of ASHAs: 

 Create awareness on health and its social determinants  

 Mobilize the community towards local health planning and increased utilization and 

accountability of the existing health services. 

 Promote good health practices  

 Provide a minimum package of curative care as appropriate and feasible for that 

level and make timely referrals. 

 Provide information to the community on determinants of health such as nutrition, 

basic sanitation & hygienic practices, healthy living and working conditions, 

information on existing health services and the need for timely utilization of health & 

family welfare services. 

 Counsel women on birth preparedness, importance of safe delivery, breast-feeding 

and complementary feeding, immunization, contraception and prevention of 

common infections including Reproductive Tract Infection/Sexually Transmitted 

Infections (RTIs/STIs) and care of the young child. 

 Mobilize the community and facilitate them in accessing health and health related 

services available at the Aanganwadi/sub-centre/PHC, such as immunisation, Ante 

Natal Check-up (ANC), Post Natal Check-up supplementary nutrition, sanitation and 

other services being provided by the government. 

 Act as a depot holder for essential provisions being made available to all habitations 

like Oral Rehydration Therapy (ORS), Iron Folic Acid Tablet(IFA), chloroquine, 

Disposable Delivery Kits (DDK), Oral Contraception Pills & Condoms, etc. 

Working hours: 

ASHAs are expected to attend a weekly meeting at SC and monthly meetings at the local 

Primary Health Centre (PHC). Beyond this requirement, the time ASHAs spend on their 

assigned tasks is relatively flexible. 

Support to ASHAs: 

Without adequate institutional support ASHAs cannot function well. They are involved in 

the village level committees such as women’s self-help groups, women's health committees 
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and village Health & Sanitation Committee of the Gram Panchayat either as a member or as 

special invitee. They receive guidance from their trainers and through in-service periodic 

trainings and support from peripheral health workers especially ANMs and Aanganwadi 

workers. 

Auxiliary Nurse Midwife (ANM) 

The ANM is at the grass-root level in the hierarchy of the health system in India. She is the 

first point of contact for the community inside the health system in rural areas. ANMs are 

primarily based at Sub-centres and considered vital resources for achieving health related 

targets. Unlike the ASHAs, the ANM is a salaried worker with fixed hours of working. The 

ANM bears multifarious job responsibilities that include maternal and child health, family 

planning services, nutrition education, health education, collaborative service for 

improvement of environmental sanitation, immunization for control of communicable 

diseases, treatment of minor ailments and first aid in emergencies and disasters. An untied 

fund of Rs.10,000 per Sub-Centre per annum is provided by opening a joint account of the 

ANM and chief of Panchayat to meet the emergency type expenditures and to ensure the 

availability of drugs and other consumables at Sub-centre. 

Under NRHM, ANM is a resource person for providing training and guidance to ASHAs. ANM 

hold weekly or fortnightly meetings with ASHAs of her catchment area. She takes assistance 

of ASHAs in completing health registers of concerned village, in motivating pregnant women 

for coming to Sub-centre for initial check-up and completing full course of iron folic acid 

tablets and TT injections etc. She also receives information from ASHAs regarding the 

progress made in health targets and consolidates reports at PHC level. ANM guides ASHAs 

for outreach session and AWWs for organizing Health Days at Aanganwadi Centre. 

 

In summary, the above description of the health system shows the complexity of the system 

and the daunting task to address the unmet needs of the rural populations. Figure 1 below 

provides a schematic overview of the structure of the health care system at district and 

community level.   
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Figure 1: Public Health System in India: District level and below 
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The study area: Muzaffarpur district 

Muzaffarpur district is known as the “land of litchis”. The district lies in the Bihar state of 

India between 26.07oN and 85.45oE. It has a surface area of 3175 square km and is situated 

at 170 feet above sea level on average. Average temperatures vary from 32oC in April–May 

to 14oC in December–January. Rainfall is also variable with a rainy season from June to 

September. Average rainfall is 11.87 cm and humidity normally remains above 70%. 

Bagmati, Gandak, Burhi Gandak, Lakhandeyee are the five rivers flowing through the 

District.  

According to the 2011 census the total population of the district was 4,801,062 and the total 

numbers of households was 945,703. A household consists of all family members living in 

the same compound and sharing the same kitchen. Population density is 1512 per sq. km. 

The whole population consists of 70.3% Hindus and 29.7% Muslims. Indian communities are 

caste based. In Muzaffarpur population 15.66% belong to scheduled castes, 0.13% to 

scheduled tribes and remaining from general categories including other backward classes. 

The Scheduled Castes (SCs) and Scheduled Tribes (STs) are two groups of historically 

disadvantaged people recognized in the Constitution of India. Other Backward Classes 

(OBCs) are described as "socially and educationally backward classes” other than SCs and 

STs. Muzaffarpur is a predominantly rural district where 4,327,625 people and 857,133 

households live in 1811 villages. The average family size is 6 and normally one of the oldest 

members of the household is regarded as the head of the household. Few of the total 

households are headed by women. A good number of the families are extended families i.e. 

family with grandparents, parents and children. According to the 2011 census the human 

sex ratio was 900 females per 1000 males for the district. In rural and urban areas it was 901 

and 899 respectively. Overall literacy was just over 63.43%; gender wise, male and female 

literacy were 71.28% and 54.67% respectively.  

In rural areas, people are mainly engaged in agriculture and related activities. Of the total 

3175 sq. km, 2477 sq. km area is cultivable land. Paddy, wheat, maize, pea and litchis are 

the main crops. Throughout the year vegetation and subsoil water are abundant. Most 

houses are made of mud and thatch, the remainder made of bricks with or without 

plastering and cement. Earthen floors are quite common even in houses with brick walls. 

Government subsidized housed are made of un-plastered brick walls with or without 

cemented floor. Walls are thatched or sometimes un-plastered bricks walls are plastered 
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with mud or lime leaving cracks and crevices upon getting dry. Houses are normally not well 

ventilated and lack sunlight during daytime, hence causing dampness in the floor. Mixed 

dwellings, i.e. humans and animals living under the same roof are common. Where there is 

no separate animal shelter available, animals are kept inside the room during nights 

especially in winters. Residual organic wastes of indoor animals at the junction of earthen 

floor and walls prove to be good breeding sites for several insects. At outdoor locations 

varieties of herbs, piles of garbage and animal dungs, small water bodies and alluvial soil are 

omnipresent. People normally sleep outside under the sky during summer nights. Seventy 

five per cent of the households have at least one usable mosquito net, on average two per 

household, which they use to keep mosquitos and other flying insects away during sleep. 

People sleep under these nets on cot or bed or on cotton a sheet on the floor.  

Muzaffarpur district has 16 blocks (i.e. an administrative sub-division) with an average of 

300 000 inhabitants per block and surface areas ranging from 139 square km (Musahari) to 

282 square km (Paroo). There are 16PHCs upgraded to CHCs – one per block, plus one 

district hospital and one medical college- reporting epidemiological surveillance data on 

several diseases to the district health office in Muzaffarpur town. 

Muzaffarpur is endemic for VL and it has observed three major epidemics in 1978, 1992 and 

2007. Between 1990 and 2008, over 70,000 cases have been reported by the routine 

surveillance system of the district health services (Malaviya P. et al. 2011). In 2013 the 

annual VL incidence rate in the Muzaffarpur has been 4.3 per 10,000 people which is above 

the elimination target set by the Indian government. Together with the generally poor 

housing conditions, lack of sanitation, humid soils littered with organic waste and piles of 

animal dung, the mixed dwelling houses provide a perfect habitat for the vector of VL: 

Phlebotomus argentipes sand flies. 

In the Kanti block of the Muzaffarpur, a health and demographic surveillance system (HDSS) 

called Muzaffarpur-TMRC HDSS was established in 2007 under the project funded by 

Tropical Medicine Research Centre (TMRC) Grant of National Institute of Health (NIH), USA. 

This HDSS covers 50 geographically contiguous villages with a population of over 92,000. 

Some of my studies are conducted only in the HDSS area. This HDSS area can be considered 

representative for the rural parts of Muzaffarpur district, and is extensively described in a 

paper I published in the International Journal of Epidemiology. 
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CHAPTER III. Rationale and objectives of the doctoral study 

 

The success of the VL elimination effort will to a large extent depend on the available 

human and financial resources, but equally on the quality of knowledge and information 

available to the policy and decision makers and their implementers. A thorough knowledge 

base and a high quality decision support system are keys for such an ambitious endeavour. 

Our PhD thesis tries to contribute to this evidence base, by addressing a number of critical 

knowledge gaps related to 1. The epidemiology of VL, 2. Its control strategies and 3. The 

Information system. The number of unknowns in the VL elimination effort was large though, 

and impossible to address within a single PhD project. We explain below why we focused on 

a set of specific questions. 

 

1. Epidemiology 

As is the case with all other vector borne communicable diseases, environmental 

parameters are probably important determinants of the occurrence of visceral 

leishmaniasis. At the onset of this research work, information was available on how air 

and soil temperature, humidity or rainfall do influence P. argentipes density (Picado A. et 

al. 2010; Ghosh K. et al. 1999; Singh A. et al. 2008; Chaniotis BN. et al. 1971; 

Mukhopadhyay AK. et al. 1987). However, how these basic meteorological parameters 

relate to monthly VL incidence was not properly documented except one study from the 

Gangetic plains (Bhunia GS. et.al. 2010).The seasonality of VL, that is monthly and yearly 

temporal trends over longer periods of time in an endemic area were yet to be 

described. 

Earlier work had shown the importance of socio-economic status as a risk factor for VL 

(Boelaert M. et al. 2009; Avar J. et al. 2006; Hasker E. et al. 2010). However, most of 

these studies focused on risk factors for VL infection of disease. We wanted to focus on 

the factors that explain sand fly abundance in the peri-domestic environment, as a way 

to investigate if there are other options for control by environmental management or 

housing improvement programs. Environmental management in the form of mud-
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plastering of walls had been suggested by some authors (Kishore K. et al. 2006) in the 

past, but this was not taken up any further. As a contribution to the recurring debate on 

the determinants of indoor population density of Phlebotomus argentipes, we 

investigated the role of housing conditions along a set of other factors. 

 

2. Control strategies 

The Kala-azar Elimination Programme has only two options for control: case detection & 

management and vector control. There is no vaccine, no animal reservoir to combat and 

no other control option to our current knowledge. We put our focus on the first 

strategy, early case detection & management, sometimes called “active surveillance” – 

but we want to avoid the term surveillance in this context, as it leads to confusion with 

the concept of epidemiological surveillance of morbidity and mortality data. For years 

the VL control program relied on “passive case detection & treatment” by the health 

services. This means they relied on 1. Patients seeking relief for their symptoms at a 

public health facility, 2. Clinicians in those facilities adequately recognizing the syndrome 

and confirming the diagnosis, and 3. Confirmed patients getting adequately treated with 

effective and safe drugs. Especially step 1 in this process was unreliable, as many VL 

patients in the poor communities do seek or have access to health services for several 

reasons. A more pro-active outreach approach to the patients in the community seemed 

therefore indicated in an elimination effort, but unfortunately did not materialize. A 

number of technical solutions had been proposed as camp-based or index-case based, or 

snowballing active screening techniques (Singh SP. et al. 2011; Mamun H. et al. 2012). 

However, as VL is so much rooted in a socio-cultural context of poverty and social 

exclusion at community level, these technical solutions seem hardly adequate, and are 

very program dependent. India has a vast network of village health workers. These 

health workers have been engaged in the tuberculosis programme for active surveillance 

as well as in the role of directly observed treatment (DOT) providers. They work 

efficiently in the TB control programme and the success of the programme is evident. 

However in the VL control programme they are hardly utilized. As in TB, a DOT strategy 

can also be used in VL treatment as Miltefosine is an oral drug and in majority of the 
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cases patients need not to be admitted in the hospital. But the question arises are these 

health workers ready to take on additional responsibilities, i.e. are they ready to work 

also for VL control programme and what are their expectations from the programme. 

3. Information system 

Several authors have documented the big difference between the actual numbers of VL 

cases in the community and the official numbers reported by the health system (Thakur 

CP. 2007; Desjeux 1992; Singh SP et al. 2006; Singh VP et al. 2010). Only 1 in 8 to 1 in 4 

VL cases gets officially reported, a serious underestimation of the actual disease burden. 

This underreporting issue gets often highlighted, but it is clearly not the only weakness 

in the information system. Primary health centres have no proper recording and 

reporting system on VL cases, treatment outcomes of VL are not correctly recorded, and 

importantly, there is almost no information available on VL patients post treatment. This 

is problematic, because relapses can occur over a 12 month and longer time frame (Rijal 

S. et al. 2013), and a late complication, Post-Kala-Azar Dermal Leishmaniasis is not 

uncommon. This deficiency in the information system obscures the often poor 

treatment adherence rates and high treatment failure rate in the public health system. 

Poor compliance with Miltefosine, the current first line drug, may lead to development 

of drug resistance against it because of its long half-life (van Griensven & Boelaert, 

2011). We engaged in some operational research to explore possible ways of better 

documenting the clinical outcomes of VL patients; either by way of cross-sectional 

surveys or by register-based longitudinal follow-up. In the absence of proper monitoring 

and evaluation, the quality of the data generated at the Primary health care centres is 

not optimal. Some studies have explored this issue in detail (Hasker E. et al. 2010). They 

have observed that the reporting system was flawed and that treatment outcomes were 

not correctly recorded. Hence, it becomes important to find alternative approaches to 

establish a good treatment reporting system. What are the alternatives; are they cost 

effective and operationally feasible; and what might be the supporting mechanism to 

implement them at the PHC level for the villages of VL endemic areas? Research is 

required to answer these questions. 
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In summary, this thesis is an effort to fill some of the knowledge gaps in the VL elimination 

effort and discusses potential solutions to the deficiencies identified. Hence the specific 

objectives of our research were: 

SPECIFIC OBJECTIVES 

1. Epidemiology 

- To describe the dynamics of VL incidence and assess its relationship with various 

environmental factors.  

- To study the dynamics of indoor vector density and its association with housing 

factors. 

2. Control strategies   

- To assess the preparedness of village level health workers to take part in VL 

elimination activities. 

3. Information system 

- To assess the existing VL surveillance mechanisms and explore alternatives.  

- To develop and assess the effectiveness of a tool for monitoring treatment 

outcomes and follow-up of VL patients. 
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CHAPTER IV. Results   

 

Section 1. Epidemiology of Visceral Leishmaniasis in Bihar 

 

1.1 Incidence 

 

Visceral Leishmaniasis in Muzaffarpur district, Bihar, India from 1990 to 2008 
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Marleen Boelaert, Shyam Sundar. PLoS ONE. Manuscript Number: PLoS One. 2011 Mar 
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Abstract 

Background: Visceral Leishmaniasis (VL) is a vector-borne diseases transmitted by 

Phlebotomus argentipes. To understand the VL seasonality, annual and monthly variations 

of VL incidence and its relationship to meteorological variables, the numbers of VL cases 

reported in Muzaffarpur district, Bihar, India from 1990 to 2008 were studied.  

Methods: Annual VL incidence per 10,000 and the total number of annual VL cases reported 

at block Community Health Centres (CHC), Public Hospitals or Non-Governmental 

Organisations (NGO) and the number of VL cases per month from 2000 to 2008 as well as 

the monthly average of cases for 2000-08, 2000-04 and 2005-08 periods along with the 

monthly averages of temperature, rainfall and relative humidity were plotted. VL 

Standardised Incidence Ratios per block were computed for the periods of 1990-1993, 1994-

1998, 1999-2004 and 2005-2008 and month wise from 2002 to 2008. A negative binomial 

regression model was used to evaluate the association between meteorological variables 

and the number of VL cases per month from 2000 to 2008. 

Results: A total of 68358 VL cases were reported in Muzaffarpur district from 1990 to 2008, 

ranging from 12481 in 1992 to 1161 in 2001. The blocks with the highest number of cases 

shifted from East (1990-98) to West (1999-2008). Monthly averages of cases ranged from 

149 to 309, highest peak in March-April and another one in July. Monthly VL incidence was 

associated positively to rainfall and negatively to relative humidity and the numbers of VL 

cases in the previous month.  

Interpretation: The number of cases reported to the public health sector allowed describing 

the spatial distribution and temporal variations in the Muzaffarpur from 1990 to 2008. 

However, to assess the actual VL burden as well as the efficacy of the control measures 

applied in the district, reporting from private practices and NGOs should be encouraged.  

 

Introduction 

Leishmaniasis is a group of vector-borne diseases caused by Leishmania genus 

parasites and transmitted by Phlebotomine sand flies. Leishmania organisms are endemic in 

more than 80 countries and 350 million people are considered to be at risk [1]. 

Leishmaniasis has three clinical forms: visceral, cutaneous and mucocutaneous of which 
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visceral leishmaniasis (VL) is the most severe form and is fatal if untreated. In the Indian 

subcontinent VL, also known as kala-azar, is caused by L. donovani transmitted by P. 

argentipes in an anthroponotic cycle [2]. Bihar state contributes 50% of the VL caseload in 

the subcontinent and 90% in India [3]. Since 2005, VL endemic countries in the Indian 

subcontinent have reinforced their commitment to eliminate VL from the region by 2015. 

The target is to reduce the annual VL incidence to less than one new case per 10,000 

populations [4]. In India, the National Kala-azar elimination program is based on vector 

control – Indoor Residual Spraying (IRS) of houses and cattle sheds – and early detection and 

treatment of cases in VL endemic districts. The latter relies on the public primary health care 

system at district and block (district subdivision) levels [5] and it is monitored using passive 

surveillance. Under the national program, all the public health facilities and optionally the 

Non-governmental Organisations treating VL patients report the number of patients treated 

per month to the state health authorities through district hospital. Even if the reported 

figures are an underestimation of the real burden of VL [6], those statistics have been used 

to describe the disease dynamics and to monitor the impact of control measures [7]. The 

fluctuation of the number of VL reported cases in the last 30 years in VL endemic regions in 

India can be linked to variations in “herd immunity” or in effectiveness of control (e.g. 

emerging DDT resistance and resistance to sodium stibogluconate). However VL, as any 

vector borne disease, is also influenced by meteorological and environmental conditions. In 

the Indian subcontinent, temperature and humidity regulate the development of P. 

argentipes [8]. Meteorological factors (i.e. temperature, rainfall) and environmental factors 

(i.e. soil temperature and moisture) have been associated to P. argentipes monthly 

abundance in Bihar [9] and West Bengal [10] respectively. Similarly, an environmental study 

using remote sensing found an association between VL incidence and air temperature (25.0-

27.5o C), relative humidity (66%-75%) and annual rainfall (100-160 cm) in the Gangetic plain 

[11].  

In this paper we described the number of VL cases reported in Muzaffarpur district 

at block and district levels from 1990 to 2008. Standardised incidence ratios (SIR) were used 

to study annual variations at block level from 1990 to 2008 and monthly variations from 

2002 to 2008. Monthly reported cases from 2000 to 2008 were used to study VL seasonality 



58 
 

and its relationship to basic meteorological variables (i.e. temperature, rain and relative 

humidity).  

Materials and Methods 

Study area  

The study was conducted in Muzaffarpur district in Bihar (26.07°N 85.45°E, area 

3175 km2). Average temperatures vary from 32oC in April-May to 14oC in December-January. 

Rainfall is also variable with a rainy season from June to September. Muzaffarpur is endemic 

for VL; cases have been reported since 1972 and accounts for over 70,000 reported cases in 

the past two decades. The district has 14 blocks with an average of 300,000 inhabitants per 

block and geographical areas ranging from 139 km2 (Musahari) to 282 km2 (Paroo). There 

are 14 Community Health Centres (CHC; erstwhile Primary Health Centres) – one per block, 

one district hospital and one medical college reporting the monthly number of VL cases to 

the district headquarter in Muzaffarpur city [5]. Some NGOs treating VL patients also report 

the number of cases to the district headquarter.  

Data sources 

The total number of VL cases reported per year in Muzaffarpur district and 

information on their origin (i.e. CHC, hospital or NGOs clinic) between 1990 and 2008 were 

obtained from the Ministry of Health district headquarters in Muzaffarpur. Month-wise 

distribution of VL cases in the district was available only from 2000 to 2008. The numbers of 

VL cases per month reported to each CHC were available from 2002 to 2008. CHCs and 

public hospitals record the number of VL patients treated in paper forms. A monthly report 

is forwarded to the ministry of health district headquarter where a joint accumulative report 

is prepared. There were no obvious missing values in the reporting by the public sector (i.e. 

VL cases reported from public hospital and CHCs every year) but reporting by NGOs was 

irregular (i.e. no cases reported from 1998 to 2004). From 1990 to 2008 there were no 

changes in the number of public health facilities treating VL patients in Muzaffarpur district. 

However, changes in the private sector are difficult to assess. 

VL diagnosis was similar over the study period. According to the guidelines, patients 

presenting chronic fever, loss of appetite, weight loss, skin pigmentation and abdominal 

distension were considered VL suspects. After clinical exploration to determine 
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splenomegaly and discard other pathologies VL cases were confirmed by serological tests 

i.e. aldehyde test or rK39 dipstick. rK39 dipstick was available from 2002 in private sector 

and from 2006 in public sector (CHCs and public hospitals). Relapse, recurrent or 

complicated cases in CHCs were referred to public hospitals for microscopic parasitological 

examination of splenic aspirates. 

The yearly population in Muzaffarpur district and blocks was extrapolated from the 

2001 census data assuming a yearly population growth rate of 2.674% [12]. Meteorological 

variables: monthly rainfall (mm), average temperature (oC) and relative humidity (%) from 

January 2000 to December 2008 were obtained from the Indian Meteorological 

Department’s station in PUSA institute with its unit in Samastipur district which is 35 km 

away from Muzaffarpur city. 

Analyses 

Descriptive 

The total number of VL cases reported per year and their origin (i.e. proportion of 

reported cases from CHCs, district hospitals, medical college and NGOs) as well as the 

annual VL incidence per 10,000 people were plotted. The number of VL cases per month 

from January 2000 to December 2008 were plotted to describe the VL monthly dynamics. 

The seasonality was assessed by plotting the average number of cases per month for 2000-

08, 2000-04 and 2005-08 periods. The monthly averages of mean temperature, mean 

rainfall and mean relative humidity were also plotted.   

Standardised Incidence Ratios  

To study the spatial distribution of reported cases in the district from 1990 to 2008, 

VL Standardised Incidence Ratios (SIR) were computed per block and for the following 

periods (based on VL incidences, figure 1): 1990-1993, 1994-1998, 1999-2004 and 2005-

2008 using the VL incidence per period in all blocks as reference [13]. SIR is a relative 

measure that allows examining the spatial distribution of reported cases across time 

periods. It is calculated as the quotient of the observed and the expected number of cases 

multiplied by 100. A SIR greater than 100 indicate that more VL cases were reported than 

expected in that block i.e. a SIR of 180 corresponds to 80% more cases than the expected. 

Similarly, to assess the yearly distribution of reported cases from 2002 to 2008, SIRs were 
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calculated per month using the VL incidence per month in all blocks as reference. The results 

were represented as chloropleth maps. Additional VL SIR Maps (i.e. results per year and per 

month from 2002-04 and 2005-08) are available as additional material (Figure S1, Figure S2, 

and Figure S3). SIR and maps were produced using spdep in R 2.10.1 (www.r-project.org/). 

Meteorological Modelling 

  A negative binomial regression was applied to study the VL dynamics in Muzaffarpur. 

First, univariate analyses were used to determine the time lags that maximised the 

association between meteorological variables (i.e. monthly average temperature (ºC), 

relative humidity (%) and total rain fall (metres)) and monthly cases. Variables with a P-

values ≤ 0.10 were incorporated in a multivariate model. The initial model also included (1) 

“year” as a fixed effect to adjust for yearly variation and (2) the number of cases in the 

previous month to adjust for autocorrelation. The final negative binomial model was 

obtained by backward selection using a P-value ≤ 0.05 as the criterion. A variable with the 

total precipitation in the previous year (i.e. total metres of rainfall over 12 months) was 

added to the final model and kept if the model fit was improved. The yearly estimated 

population was used as exposure and the results were presented as Incidence Rate Ratio 

(IRR). Robust standard errors were used. The average number of cases per month estimated 

by the model was calculated. Fitted values were plotted and the residuals were evaluated 

using the average percent error (considering positive and negative errors equally) as 

indicator. All statistical analyses were conducted using Stata 11 (Stata Corporation, College 

Station, TX). 

Results 

  The number of VL cases reported per year in Muzaffarpur district ranged from 

12,481 (VL incidence rate 42.5/10,000) in 1992 to 1161 (VL incidence rate 3.1/10,000) in 

2001. Four phases could be discriminated: 1990-93 (average annual VL incidence rate 

23.2/10,000, 95% CI 22.6-23.8), 1994-98 (average annual VL incidence rate 5.2/10,000, 95% 

CI 4.9-5.4), 1999-2004 (average annual VL incidence rate 2.2/10,000, 95% CI 2.1-2.4) and 

2005-2008 (average annual VL incidence 5.8/10,000, 95% CI 5.5-6.0). The proportion of 

cases reported to by the block CHCs, public hospitals and NGOs varied over the study 

period. Block CHCs were consistently the health facilities reporting the larger number of VL 
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cases except for 2001, the year with the lowest VL incidence, when 59% of the cases were 

reported from public hospitals. The number of cases reported by NGOs increased from 2005 

(figure 1). 

  Two distinct periods were evident when monthly reported cases from 2000 to 2008 

were plotted: 2000-04 with 6535 VL cases (annual average 1307) and 2005-08 with 15973 

registered cases (annual average 3993) (Figure 2). Monthly averages of reported VL cases 

ranged from 149 to 309, but there was a clear seasonality with a peak of cases in March-

April and possibly a second minor increase in July (Figure 3). The seasonality was similar in 

the two phases identified during the study period (i.e. 2000-04 and 2005-08) (Figure 3). The 

April peak corresponded to the hottest period of the year with the lowest relative humidity 

in contrast to July which was the rainiest month (Figure 3).   

  The spatial distribution of reported cases in the 4 study periods from 1990 to 2008 

illustrated in Figure-4 shows that some blocks had constantly higher (Sahebganj and 

Bochahan) or lower (Sakra) SIR over time. Taking the border between Kanti and Bochahan, 

Musahari and Kurhani blocks as a reference to divide the district, the blocks with the highest 

number of cases were mainly located in the East in 1990-93 and 1994-98 periods. In both 

periods, 5 out of 8 blocks in the East had SIR>100 compared to 2 out of 6 blocks in the West. 

In the following period (1999-2004), the number of blocks with SIR>100 was unaltered in 

the West (2/6) but reduced in the East (2/8). In the last period (2005-08) the blocks with an 

excess of VL cases (SIR>100) were predominant in the West (4/6) and a minority in the East 

(1/8). No clear seasonality was observed when the distribution of VL cases was assessed per 

month from 2000 to 2008. Western blocks registered the higher number of cases every 

month and no big shifts (i.e. blocks going from very low to very high SIR) were observed 

(Figure 5). 

 The results of the negative binomial model show that monthly VL incidence was 

associated to meteorological variables: positively to rainfall lagged by 2 months and 

negatively to relative humidity of the same month and at lag 3 months and total rainfall in 

the previous year (Table 1). The number of VL cases in the previous month and the linear 

effect of year were also statistically significant and kept in the final model (Table 1). The 

model was able to identify April as the annual peak for VL cases (Figure 3) and had an 

average percent error of 25.2%.  
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Exploratory Variable IRR z P-value 95% CI 

Relative humidity same month 0.98 -4.96 <0.001 0.97 – 0.98 

Monthly relative humidity lagged by 3 

months 
0.98 -5.48 <0.001 0.97 – 0.98 

Monthly rainfall lagged by 2 months 1.69 3.26 0.001 1.23 – 2.32 

Total rainfall in the previous year 0.87 -2.49 0.013 0.78 – 0.97 

Linear effect of year 1.14 7.99 <0.001 1.12 – 1.18 

VL cases reported in the previous month 1.0012 3.33 0.001 1.0004 – 1.0019 

Table 1: Final negative binomial model for monthly count of reported Visceral Leishmaniaisis 

(VL) cases in Muzaffarpur district from 2000 to 2008. Results presented as Incidence Rate 

Ratio (IRR). 
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Figure 1:  The total numbers of Visceral Leishmaniasis (VL) cases reported in Muzaffapur district per year from 1990 to 2008. The 

proportion of cases reported to the different health care facilities: Community Health Centre (CHC), Public Hospitals or Non-

Governmental Organisation (NGO) is represented as percentage of the total cases per year inside boxes of different colours. The 

annual VL incidence rate (per 10,000) in Muzaffarpur district is noted at top of the figure. 
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Figure 2:  Observed and predicted VL cases and recorded meteorological parameters for each month from 2000 to 2008. (A) The observed 

(solid red line) and the predicted (dashed line – estimated from the negative binomial model) numbers of monthly Visceral 

Leishmaniasis (VL) cases in Muzaffarpur district from 2000 to 2008.(B) Monthly rainfall in mm (blue histogram), average 

temperature (temp) in oC (solid red line) and average relative humidity (RH) in % (dashed green line). 
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Figure 3:  Seasonality of VL cases in the two phases (2000-04 and 2005-08) identified 

during the study period. (A) The observed average number of monthly 

Visceral Leishmaniasis (VL) cases in Muzaffarpur district: from 2000 to 2008 

(solid red line), 2000 to 2004 (dotted blue line) and 2005 to 2008 (green line). 

Predicted average of monthly VL cases from 2000 to 2008 (estimated from 

the negative binomial model) plotted as black dotted line. (B) Monthly 

average rainfall in mm (blue histogram), temperature (temp) in oC (red line) 

and relative humidity (RH) in % (dashed green line). 
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Figure 4:  Visceral Leishmaniasis (VL) Standardised Incidence Ratio (SIR) per block in Muzaffarpur district in Bihar, India. VL SIR computed 

for the following periods: 1990-1993, 1994-1998, 1999-2004 and 2005-2008 using the VL incidence per period in all blocks as 

reference. 
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Figure 5:  Visceral Leishmaniasis (VL) Standardised Incidence Ratio (SIR) per block and month in Muzaffarpur district in Bihar, India from 

2002 to 2008. SIR was calculated per month using the VL incidence per month in all blocks as reference. 
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Discussion 

  The trend of VL cases in Muzaffarpur district from 1990 to 2008 (Figure 1) is similar 

to the trend observed in the whole Bihar state [7]. In Bihar, 58000 VL cases were reported 

per year from 1990 to 1993. This figure was reduced in the following periods: 1994-98 (less 

than 20000 cases/year) and 1999-2004 (around 12000 cases/year). In 2005 and 2006 the 

annual average increased over 25000 cases [7]. Muzaffarpur district seems to be a good 

model to evaluate the situation in the whole state. This is the first time that historical data 

of 19 years on VL incidence from Muzaffarpur have been analysed in detail. The reduction of 

cases after 1992 has been attributed by other authors to the implementation of two annual 

IRS rounds in the region [14], [15]. VL incidence rate increased again from 2005 onwards 

(Figures 1 and 2). This sudden increase may be due to an actual rise of VL cases in the 

district related to a rise in L. donovani transmission caused by the augment of P. argentipes 

(i.e. DDT resistance) or rise of populations’ susceptibility (i.e. antimony resistance, higher 

HIV prevalence). However this phenomenon may simply reflect an increase of the 

proportion of reported cases linked to the launch of the VL elimination initiative and an 

intensification of control efforts in 2005. The access to public health facilities for VL 

treatment was promoted since 2006 when monetary incentives were provided to patients 

attending CHCs and public hospitals in Bihar. Noteworthy, the underreporting of VL 

decreased from 2003 to 2006 in Bihar [16] and the number of cases reported by NGOs 

increased during this period (Figure 1). The conclusion that the increase in VL after 2005 is 

due to reporting bias would also be supported by the fact that spatial distribution of 

reported cases in 1999-2004 and 2005-08 periods was similar (Figure 4).  

The number of VL cases reported at block level seems to accurately reflect the 

temporal trend of VL in the district (Figure 1). The fact that block CHCs consistently report a 

higher proportion of VL cases compared to public hospitals indicates that these facilities are 

key in the VL case management in Muzaffarpur and their capacities to diagnose and treat VL 

should be strengthened. Similarly, the increase in the number of VL cases reported by NGOs 

from 2005 denotes the importance and capacity of these entities and the need to involve 

them in the VL elimination efforts. The shift in the spatial distribution of cases from West to 

East between 1990-1998 and 1999-2008 (Figure 4) may correspond to a rise in herd 

immunity in western blocks. Nonetheless, except some rare occasions annual VL incidences 
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in each block (results not shown here) were consistently above the elimination target set by 

the regional governments i.e. to reduce the number of VL cases below 1/10,000 by 2015 [4]. 

  The results of the regression model showed that monthly counts of VL cases were 

associated to meteorological variables. Those results should however be interpreted with 

caution. The meteorological variables in the model do not directly explain the number of VL 

cases reported per month as rainfall and relative humidity are not directly associated with 

the development of VL clinical signs but to P. argentipes density and seasonality as already 

shown in previous studies [9], [10], [17], [18]. Nevertheless, a rather simple model was able 

to accurately represent the disease dynamics and yearly seasonality of VL from 2000 to 

2008 with a low average percent error (25%) compared to similar studies in malaria (50 to 

68%) [19].  

  The VL seasonality is certainly linked to P. argentipes annual variations. However 

other factors may explain why VL reporting and P. argentipes peaks – April-July and May-

November [9] respectively – are not symmetric. First, the highest L. donovani transmission 

periods have not been properly identified and may not correspond to P. argentipes peaks. 

The incubation period of L. donovani is not well established but it is supposed to range 

between 2 and 6 months [20]. Finally, treatment seeking behaviour may vary among 

individuals, social classes and period of the year. The temporal variations seem to be equally 

distributed across the district as there were not major changes in the distribution of 

reported VL cases per month from 2002 to 2008 (Figure 5). Nevertheless, as VL cases are 

reporting regularly to public health facilities, local health authorities should ensure for 

adequate supply of diagnostic tests and VL drugs throughout the year [5].  

 The VL data analysed in this paper correspond to cases treated in public health 

facilities and some NGOs in Muzaffarpur. These figures have been proven to underestimate 

of the real number of VL cases [6]. Including data from private clinics would have increased 

the number of cases but may have a limited impact on the seasonality and annual variations 

described here. Unfortunately the number of cases treated by private practitioners was not 

available. The underreporting decreased from 8 to 4 times between 2003 and 2006 [16] but 

the real number of cases is difficult to estimate as the level of underreporting may have 

varied over the study period. Similarly, the data reported to the health authorities was not 

detailed enough to assess their quality (i.e. duplicate cases), conduct subgroup analyses (i.e. 
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new cases or relapse or defaulter) or evaluate other important aspects related to VL (i.e. HIV 

co-infection, PKDL). No quality control systems were in place to evaluate the completeness 

of the data collected or the quality of the case assessment, treatment outcome or data 

management. These are some of the limitations of the data used in this study, which are 

also used to evaluate its impact of the efforts to control VL in Muzaffarpur.  

  The recent decline in the number of VL cases reported in Muzaffarpur district from 

2007 (n=4920) to 2008 (n=3679) and 2009 (n=2355 – not analysed in this study) is 

encouraging. This drop may be related to the local and regional efforts to eliminate VL in 

general and to the use of improved diagnostic tools (i.e. rK39 dipstick) and anti-leishmania 

drugs (i.e. miltefosine) in particular. Despite this improvement, efforts should continue to 

ensure the accurate reporting of VL cases from public and private health facilities as well to 

get a clear picture of the situation. Active surveillance for early case detection, diagnosis and 

treatment and post treatment follow-up is the need of the time as VL case load is still way 

above the target to eliminate VL from the region by 2015. The reporting system should be 

improved so VL incidence per age, gender or population at risk groups (i.e. HIV, tuberculosis) 

as well as PKDL cases can be monitored. 
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Figure S1: Additional VL SIR maps: results per year per block in Muzaffarpur (1990 – 2008) 
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Figure S2: Additional VL SIR maps: results per year per month (2000 – 2004) 

 

 

  



75 
 

Figure S2: Additional VL SIR maps: results per year per month (2005 – 2008) 
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1.2 Risk factors 

 

Exposure to Phlebotomus argentipes (Diptera, Psychodidae, Phlebotominae) 

sand flies in rural areas of Bihar, India: the role of housing conditions 
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Abstract 

Background: Visceral Leishmaniasis (VL) is a vector-borne infectious disease, caused by the 

protozoan Leishmania donovani, which is transmitted by phlebotomine sand flies. In an 

earlier study in Bihar, India, we found an association between incidence of VL and housing 

conditions. In the current study we investigated the influence of housing structure and 

conditions in and around the house on the indoor abundance of Phlebotomus argentipes, 

the vector of VL in this area. 

Methods: In each of 50 study villages in Muzaffarpur district, we randomly selected 10 

houses. Light traps were installed in each house for one night during three annual peaks of 

sand fly density over two successive years. Sand flies captured were morphologically 

identified and segregated by species, sex and feeding status. Data on housing conditions and 

socio-economic status were also collected. We fitted a linear mixed-effects regression 

model with log-transformed P. argentipes counts as outcome variable and village as random 

effect. 

Results: P. argentipes was found in all but four of the 500 households. There was 

considerable variability between the years and the seasons. On bivariate analysis, housing 

structure, dampness of the floor, keeping animals inside, presence of animal dung around 

the house, and socio-economic status were all significantly associated with sand fly density. 

Highest sand fly densities were observed in thatched houses. In the multivariate model only 

the housing structure and socio-economic status remained significant.  

Conclusions: Better housing conditions are associated with lower sand fly densities, 

independent of other socio-economic conditions. However, in this area in Bihar even in the 

better-built houses sand flies are present.  

Introduction 

Visceral Leishmaniasis (VL) or kala-azar is an infectious disease caused by the protozoan 

parasite Leishmania donovani, which is transmitted by phlebotomine sand flies. The disease 

is fatal if left untreated [1] and has an estimated worldwide annual incidence of 200,000-

400,000 cases, two thirds of which occur on the Indian subcontinent [2]. Bihar state of India 

accounts for more than 50% of the VL caseload in the subcontinent and for 90% of the VL 

caseload in India [3]. Three VL endemic countries - India, Nepal and Bangladesh- have 

committed to eliminate VL from the region by 2015. Their target is to reduce the annual VL 
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incidence to less than one new case per 10,000 inhabitants in all endemic districts [4]. In 

India, the National Kala-azar Elimination Program has adopted two main strategies: early 

detection and treatment of cases in VL endemic districts and vector control using indoor 

residual spraying (IRS) of houses and cattle sheds. A better understanding of the 

determinants of indoor population density of Phlebotomus argentipes, the vector of VL in 

this region, is therefore important for the fight against VL. 

Both male and female sand flies feed on plant sugars for energy and longevity, but the 

females require a blood-meal from a host animal in order to produce eggs. Phlebotomus 

argentipes may become infected with L. donovani, while feeding on an infected host 

(human) and may transmit the parasite when taking a subsequent blood-meal from a 

different host [5, 6]. It is assumed that humans are the only reservoir for L. donovani in the 

Indian subcontinent [1], though recently there have also been reports of infection in some 

domestic animals [7]. Sand flies are found resting mainly in cracks and crevices in the walls 

of houses and cattle sheds [8] and their density is influenced by meteorological and 

environmental conditions such as temperature and humidity [9, 10]. Phlebotomus 

argentipes density in Bihar shows a clear seasonality that is associated with outside 

temperature and rainfall [11]. In West Bengal, P. argentipes density was associated with 

environmental factors such as soil temperature and moisture [12].  

VL is recognized as a disease of the poorest of the poor; VL affected communities are 

socially and economically deprived, which is patently reflected in their housing conditions 

[13, 27]. The influence of housing conditions and presence of cattle on the indoor sand fly 

population dynamics is complex and as yet not fully elucidated. Phlebotomus argentipes 

breed in moist organic soils at the junction of the floor and walls of cattle sheds and earthen 

houses, with a greater propensity to breed in cattle sheds than in human houses [14]. Mud-

plastered walls with cracks, and damp floors in constructions close to small water bodies 

and vegetation, are assumed to be good breeding and resting sites [28]. A study in the 

Vaishali and Lohardagga district in Bihar found mud-plastered walls, mixed dwellings 

(animals and humans under the same roof) and geographic area associated with presence of 

the vector to be significant house-level risk factors associated with transmission of Indian 

kala-azar [15]. Another study in Bihar on the effect of house type on the sand fly density was 

not conclusive [5]. Housing conditions could also impact through another mechanism. In a 
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study in Panama, where other phlebotomine sand fly species (Lutzomyia panamensis, 

Lutzomyia triramula, Lutzomyia dysponeta, Lutzomyia trapidoi, and Lutzomyia gomezi) are 

the vectors, destitute housing conditions were associated with reduced effectiveness of 

insecticide thermal fogging [16]. To further elucidate the influence of housing structure on 

sand fly density, we investigated the association between P. argentipes density and 

different types of housing as well as other conditions in and around the house, while 

controlling for potential confounding by socio-economic status.  

Materials and Methods 

Entomological monitoring 

The study was conducted in 50 rural villages of Kanti and Marwan blocks of Muzaffarpur 

district in Bihar between July 2009 and April 2011. Ten households were randomly selected 

from each village. In each of these households one CDC light trap was set up for one night 

during each of the three seasons identified as peak sand fly density periods over two 

successive years; seasons selected were April/May (summer), July/August (rainy season) and 

October/November (start of winter) [5]. Thus, over periods of two years light traps were 

installed for six nights in each household. Light traps were installed in the main bedroom of 

the house and run from 6 pm in the evening to 6 am the next morning. Per night, light traps 

were installed simultaneously in 20 households in two villages. Consequently, for each 

season it took 25 nights to complete the process. The insects collected were 

morphologically identified [17, 18, 19] in the laboratory by a trained entomologist and 

grouped by species and subspecies (P. argentipes, P. papatasi and P. (Sergentomyia) sp.). 

Male and female sand flies were segregated and gonotrophic conditions of female sand flies 

were identified as blood fed, unfed or gravid. The total number of P. argentipes in each 

household was determined by aggregating the total numbers of males and females captured 

during the six nights of trapping over the two-year period.  

 

Household characteristics 

During the second survey round in October/November 2009, we collected information 

regarding conditions of housing and of the immediate surroundings. This included 

information about main materials used in floor, walls and roof of the room in the house 

where the light trap was installed. We also recorded dampness of the floor, penetration of 
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daylight, presence of windows and cross-ventilation. We checked for the presence of 

cooking stoves and whether animals were kept inside the house. For the analysis, houses 

were subdivided into four types based on structure of walls and floor. We distinguished 

between thatched houses, un-plastered brick houses and plastered brick houses; the latter 

category was sub-divided into houses with an earthen floor and houses with a cemented 

floor. A room was judged as cross-ventilated if there was at least one window in a wall other 

than the one in which the door was located. Dampness of floors was assessed by touching 

the floor with the back of the hand. We also collected information about water logging and 

about the presence of animal dung in the immediate surroundings of the house. Socio-

economic status was assessed for the household based on a previously validated asset index 

[21], which included ownership of land, motorcycle(s), bicycle(s), television set(s), radio(s), 

mobile phone(s), watch (es), fan(s), mattress (es) and bed(s). Assets owned were converted 

into an assets score using principal-component analysis, the assets score was converted into 

an asset-index based on the five quintiles [13]. 

 

Statistical analyses 

The study data were entered into an MS Access database independently by two data entry 

clerks using a double-data entry system. All statistical analysis was performed in Stata/IC 

V10.1 (StataCorp., College Station, TX, USA). Taking into account potential clustering at 

village level, we fitted a linear mixed-effects regression model with ‘village’ as random effect 

[22]. To normalize the data and fulfill model assumptions we used a natural logarithm 

transformation of ln(y+1) [22]. A two-step procedure was used to select the most 

parsimonious model. First, all explanatory variables were assessed in a bivariate model with 

‘village’ as random effect; variables significant at the p = 0.10 level were included in the final 

model. We then used a stepwise backward elimination procedure; variables with a p-value 

of greater than 0.05 were removed one at a time. We tested for statistically significant 

interactions among the variables retained in the final multivariate model; again a p-value of 

0.05 was used as a threshold. To calculate the proportion of the variation in P. argentipes 

density explained by the variables retained as fixed effects in the final model, we 

determined the residual variance of the full model, and that of the null model with only the 

random effect (village). We then divided the difference between these two variances by the 



82 
 

residual variance of the null model [29]. For the bivariate analysis we report coefficients 

with their p-values as well as median sand fly densities; for the final model we report the 

coefficients with their corresponding p-values and the mean P. argentipes densities 

predicted by the model for a village with average vector density. 

To assess the association between presence of all three stages of female P. argentipes (fed, 

unfed and gravid) and factors retained in the final linear regression model, we recoded the 

presence of three stages into a binary variable (‘Yes’ if all three stages were present in the 

same household during the same trapping night, otherwise ‘No’) and fitted a logistic 

regression model with village as random effect.  

 

Ethical issues 

We obtained ethical clearance for the study from the review committee of the U.S. National 

Institutes of Health (NIH), as well as the Institutional Review Board of the Institute of 

Medical Sciences, Banaras Hindu University, Varanasi, India. The IRB at Banaras Hindu 

University is registered with the US National Institutes of Health. The study and its 

procedures were explained to the heads of households and their prior informed written 

consent was obtained on a consent form. The procedure was approved by the Ethics 

Committee of Banaras Hindu University. 

Results 

All the 500 households selected were sampled on six occasions as planned. We collected 

49,126 sand flies of which 23,723 (48.3%) were P. argentipes (Table-1). Phlebotomus 

argentipes were captured from 496 of 500 houses; the median total yield per house (for six 

nights of sampling) was 25 P. argentipes, with a maximum of 681. Of the P. argentipes 

captured, 67.8% were males. Among females captured, 57.3% were unfed, 11.2% were fed, 

and 31.6% were gravid (Figure-1). Phlebotomus argentipes density strongly fluctuated from 

year to year and season to season. Highest densities were observed during rainy seasons 

(July-August) but there were significant annual fluctuations (Table-1). Major fluctuations in 

feeding status of female P. argentipes were observed in the rainy and winter seasons; for 

summers similar proportions were found across the years (Figure-2).  
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Figure 1: Cumulative distribution of Phlebotomus argentipes by sex and by feeding status 

among females 

 

Table 1: Overview of Phlebotomus argentipes captured by sex and sampling period 

Survey Males Females Total 

  Unfed Fed Gravid  

Jul/Aug 09 884 306 81 22 1293 

Oct/Nov 09 478 131 61 2 672 

Apr/May/ 10 703 519 156 446 1824 

Jul/Aug 10 7213 2275 357 928 10773 

Oct/Nov 10 5706 928 120 748 7502 

Apr/May/ 11 1089 221 78 271 1659 

Grand total 16073 4380 853 2417 23723 

 

One third of the study houses were thatched and P. argentipes density was highest in this 

type of house. Though we captured P. argentipes in almost all houses, density was higher in 

the households belonging to poorer wealth quintiles (Table-2). Other factors associated with 

P. argentipes density on bivariate analysis were dampness of the floor (p=0.004), keeping 

animals inside (p=0.002) and presence of animal dung around the house (p=0.054). Each of 

these factors was associated with an increase in P. argentipes density. Significantly lower P. 

argentipes densities were observed in houses with windows (p<0.0005) and in houses with 

adequate ventilation (p<0.0005) (Table-3). When we repeated the analysis based on the 

total numbers of female P. argentipes sand flies only, results were similar (data not shown).  

Males 
67.8% 

Unfed 
18.5% 

Fed 
3.6% 

Gravid 
10.2% 

Females 
32% 
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Socio-economic status (p=0.01 for poorest versus wealthiest quintile) and type of house 

(p<0.001 for thatched houses versus all other types) remained statistically significantly 

associated with P. argentipes density in multivariate analysis (Table-3). There was no 

interaction between the two factors (p=0.81). Total counts of P. argentipes sand flies by 

socio economic group and type of housing as predicted by the multivariate model for a 

village with average vector density are shown in Table-4. Only 14% of the observed 

variability in P. argentipes density between households can be explained by the factors 

retained in the final model, i.e. housing conditions and socio-economic status.  

 

 Figure 2: Phlebotomus argentipes abundance during three annual peaks of the two study years 

 

 

The sub analysis examining whether or not all three feeding conditions of female P. 

argentipes (fed, unfed and gravid) were present in the household in at least one of six 

survey rounds showed that this was the case in 151 of 500 households. Presence of all three 

conditions was statistically significantly associated with type of housing. Controlling for 

socio-economic status, the odds of finding all three conditions in the same house during the 

same trapping night were more than three times higher in thatched houses than in 

plastered brick houses with cemented floors (Table-5).  
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Table 2: Factors associated with Phlebotomus argentipes indoor density 

Factor  Number of 

households 

Median (IQR) of total 

numbers of P. argentipes 

captured per household 

Socio economic status*   

 Group 1 (poorest)   101 35    (15-76) 

 Group 2  70 37.5 (19-68) 

 Group 3  98 24    (14-42) 

 Group 4  96 25    (11-57) 

 Group 5 (wealthiest)  117 17      (8-33) 

Type of housing   

 Thatched  161 41 (21-78) 

 Brick, un-plastered  150 22 (11-49) 

 Brick, plastered Earth floor 113 18 (8-36) 

 Cemented floor 76 17 (9-32.5) 
     

Conditions in and around the house   

 Traditional stove Present 19 33 (17-76) 

 Absent 481 24 (11-52) 
     

 Animals kept inside Yes 20 24 (11-51) 

 No 480 67 (30-107.4) 
     

 Penetration of 

sunlight inside 

Yes 171 23 (12-53) 

 No 329 25 (11-52) 
     

 Presence of windows Yes 302 18 (10-38) 

 No 198 40 (20-77) 
     

 Ventilation of room Yes 193 18 (10-43) 

 No 307 28 (14-63) 
     

 Damp floor Yes 421 26 (12-55) 

 No 79 17 (9-33) 
     

 Animal dung near 

house 

Yes 485 14 (8-18) 

 No 15 25 (12-53) 

* n=485 
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Table 3: Factors associated with Phlebotomus argentipes indoor density, results of linear 

mixed effect regression models with village as random effect.  

 Bivariate Multivariate 

Factor coefficient p-value coefficient p-value 

Socio economic status1     

- Group 1 (poorest) ref.  ref.  
- Group 2 0.051 0.736 0.146 0.319 
- Group 3 -0.288 0.037 -0.187 0.162 
- Group 4 -0.282 0.046 -0.121 0.385 
- Group 5 (wealthiest) -0.694 <0.0005 -0.379 0.010 

Intercept2 3.554    

Type of housing     
- Thatched ref.  ref.  
- Brick, un-plastered -0.639 <0.0005 -0.592 <0.0005 
- Brick, plastered     

                    Earth floor -0.845 <0.0005 -0.657 <0.0005 
                    Cemented floor -0.823 <0.0005 -0.605 <0.0005 

Intercept2 3.797  3.831  

Conditions in and around the 

house 

    

- Traditional stove present 0.169 0.48   

Intercept2 3.283    

- Animals kept inside 0.716 0.002   

Intercept2 3.261    

- Penetration of sunlight inside -0.046 0.65   

Intercept2 3.305    

- Presence of windows -0.677 <0.0005   

Intercept2 3.698    

- Ventilation of room -0.440 <0.0005   

Intercept2 3.460    

- Damp floor 0.363 0.004   

Intercept2 2.984    

- Animal dung near house 0.542 0.054   

Intercept2 2.764    
 

  1 n=485 
  2 mean (natural) log sand fly density of reference category 
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Table 4: Total Phlebotomus argentipes counts by socio economic group and type of housing 

predicted by the multivariate model for a village with average vector density  

 

 

Table 5: Odds of presence of three stages of female Phlebotomus argentipes in the same 

household at the same time as a function of socio economic status and type of housing 

(multivariate model with village as random effect) 

 

Factor OR (95% CI) 

Socio economic status  

- Group 1 (poorest) ref. 

- Group 2 0.9 (0.4-1.8) 

- Group 3 0.9 (0.5-1.8) 

- Group 4 1.1 (0.6-2.2) 

- Group 5 (wealthiest) 0.5 (0.2-1.1) 

Type of housing  

- Thatched ref. 

- Brick, un-plastered 0.5 (0.3-0.8) 

- Brick, plastered  

                    Earth floor 0.4 (0.2-0.8) 

                    Cemented floor 0.3 (0.1-0.7) 

  

Discussion 

In this study we showed that housing conditions are associated with sand fly density in 

Bihar, India, in particular thatched houses have higher numbers of P. argentipes. 

Independent of housing conditions, socio-economic status was also associated with vector 

density; the poorer the household, the higher its exposure to sand flies. Similar associations 
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were observed for other phlebotomine sand fly species in Panama [16]. In an earlier study in 

the same area in Bihar we were able to show statistically significant associations between 

housing conditions and socio economic status on one side and VL on the other [21]. In that 

study we also showed that the coverage of indoor residual insecticide spraying was grossly 

inadequate and the current data seem to corroborate that. We were able to capture P. 

argentipes in all but four of the 500 study houses, including the more wealthy households.  

Whereas differences in housing conditions are likely to reflect differences in exposure to P. 

argentipes sand flies, differences in socio-economic status may also reflect differences in 

nutritional status of the people and therefore propensity to progress to disease once 

infected [23]. Phlebotomus argentipes sand flies are predominantly peridomestic [24, 25] 

and are assumed to breed in the moist organic soil of cattle sheds and earthen houses, 

though the exact breeding sites of the sand flies need to be better documented [14]. Finding 

all three conditions of female P. argentipes (fed, unfed and gravid) in the same household 

indicates that these houses are likely to be diurnal resting or breeding sites [20]. In our 

study the odds were highest for thatched houses. 

Only 14% of the total variability in indoor sand fly density is explained by housing conditions 

and socio-economic status, the two factors retained in the final model. Given the structure 

of the villages in this region where animals and organic waste are ubiquitous and all 

different varieties of houses can be found within a few meters of one another, it is not 

surprising that P. argentipes density does not differ much between households. There may 

also be other - extra-domiciliary -factors at play. These factors were not measured in our 

study. In a recent study in Bihar, sand flies were found to be most abundant in outdoor 

locations [5]. A cluster randomized trial of bed nets in India and Nepal also pointed to 

possible outdoor exposure to sand flies as an explanation for ongoing transmission [26].  

Conclusion 

Better housing and higher wealth status are both independently associated with reduced 

indoor vector density. Efforts of the Indian government to improve housing conditions in VL 

endemic areas are commendable. However, as vectors are present even in the better 

houses; improving housing conditions will not necessarily preclude the need for additional 

measures such as indoor residual spraying or environmental sanitation.  
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Section 2. VL Control strategies: on active case detection at community 

level  

 

 

Village health workers in Bihar, India: an untapped resource in the struggle 

against kala-azar 
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Abstract 

Introduction: In 2005 a visceral leishmaniasis (VL) elimination initiative was launched on the 

Indian subcontinent; important components of early case finding and treatment are 

entrusted to the primary health care system (PHC). In an earlier study in Bihar, India, we 

discovered some major shortcomings in implementation, in particular related to monitoring 

of treatment and treatment outcomes. These shortcomings could be addressed through 

involvement of village health workers. In the current study we assessed knowledge, attitude 

and practice of these village health workers in relation to VL. Main objective was to assess 

the feasibility of their involvement in VL control.  

Methods: We obtained a list of auxiliary nurses/ midwives (ANM) and accredited social 

health activists (ASHA) for the highly VL endemic district of Muzaffarpur. We randomly 

sampled 100 ANMs and 100 ASHAs, who were visited in their homes for an interview. 

Questions were asked on knowledge, attitude and practice related to VL and to tuberculosis.   

Results: ANMs and ASHAs know the presenting symptoms of VL, they know how VL is 

diagnosed but they are not aware of the recommended first line treatment. Many are 

already involved in tuberculosis control and are very well aware of the treatment modalities 

of tuberculosis, very few are involved in control of VL. They are well organized, have strong 

links to the PHC system and are ready to get more involved in VL.  

Conclusion: To ensure adequate monitoring of VL treatment and treatment outcomes, the 

VL control program urgently needs to consider involving ANMs and ASHAs.   

 

Introduction 

Visceral Leishmaniasis (VL), also known as kala-azar on the Indian Subcontinent, is a chronic 

infectious disease transmitted by a phlebotomine sandfly. Worldwide, the annual incidence 

is estimated at 200,000-400,000. About 72% of those are from India, the vast majority from 

the state of Bihar (Alvar et al, 2012). Muzaffarpur district of Bihar State is highly endemic for 

VL, though there is in all probability gross under reporting. In 2010, 2551 cases were notified 

in the district, equivalent to a case notification rate of 52.3/100,000. The disease has a much 



95 
 

clustered distribution and incidence varies widely between the 14 different blocks that 

together make up the district (Malaviya P. et al, 2011). VL patients are diagnosed at the 

community health center level (Block PHC) based on a combination of a typical history 

(fever lasting more than 2 weeks and not responding to anti malaria treatment) and a 

positive rk39 rapid test. Treatment is provided free of charge from the same health centers. 

The first line treatment is 28 days of oral Miltefosine, which has replaced the previous 

regimen of intra muscular Sodium stibogluconate (SSG) (World Health Organization, 2005). 

In an earlier study on management of VL patients in Muzaffarpur district, we identified 

some important shortcomings in the VL control program (Hasker et al, 2010). Referral 

mechanisms between village health workers and higher echelons of the system appeared to 

be defunct. As a result, patients often incurred substantial diagnostic delays within the 

public healthcare system. Many patients were still treated with SSG and treatment was 

usually administered in the village by unqualified providers. Following the guidelines, a 6-

months post-treatment follow-up is required for each patient but the program had no 

provisions for this. As a result, a substantial number of patients failed on treatment or 

relapsed without being notified as such. Most of these patients had continued treatment 

elsewhere without the initial provider being aware. 

India has a well-developed network of village health workers rooted in the PHC system. The 

rural PHC system has three levels of health facilities; at block level (the Indian equivalent of 

the district) there is a community health center which supports 4 primary health centers and 

24 sub-centers. Sub-centers are run by midlevel health workers, referred to as auxiliary 

nurse/midwife (ANM). ANMs constitute the lowest level of salaried health workers in the 

system (Hasker et al, 2010). At village level, female volunteer health workers called 

‘Accredited Social Health Activist’ (ASHA), each catering for a population of approximately 

1,000. ASHAs are deployed in their own villages, after a short training on community health. 

They are preferably between 25 and 45 years old and should have at least 8 years of formal 

education. ASHAs do not receive a salary but they do receive fixed amount incentives for 

performing certain tasks. Their responsibilities range from providing health education to 

diagnosis of certain health conditions such as malaria and pregnancy (Gopalan, 2012). 

ASHAs are supervised by ANMs. Both ASHAs and ANMs regularly attend coordination 

meetings at the community health center, ASHAs once a month, ANMS twice a month. The 
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tuberculosis (TB) control program already involves ANMs and ASHAs in identification and 

referral of TB suspects, as well as monitoring of treatment (Revised National TB Control 

Programme, 2011).  

Involving AMNs and ASHAs in VL control could be an effective way to overcome some of the 

problems in the management of VL cases that came apparent in the study referred to earlier 

(Hasker et al., 2010). They could identify and refer suspects, supervise treatment and 

perform follow-up visits. Before making any definite recommendations, we assessed the 

current level of knowledge of ASHAs and ANMs related to VL, their current involvement and 

their experiences with VL, and their preparedness for further involvement. Thus, we 

conducted a KAP survey among ANMs and ASHAs in Muzaffarpur district. Since the TB 

control program already involves ASHAs and ANMs, questions on TB were included to 

enable us to contrast the responses to those on VL.  

Material and methods 

The study was designed as a quantitative cross-sectional survey based on structured 

interviews with a group of 100 ASHAs and 100 ANMs. Study subjects were randomly 

sampled from a list of 843 ANMs and 3,281 ASHAs from the 16 rural VL endemic blocks of 

Muzaffarpur district, provided by the district health authorities. Respondents were visited in 

their homes for the interviews.   

The sample size was calculated in such a way that proportions of 50% can be estimated with 

a precision of ±10% at a confidence level of 0.05; for any other proportion the precision 

would be better. This required a sample size of 96. To account for the fact that some 

ASHAs/ANMs might be absent or not agree to cooperate, we sampled 100 ASHAs and 100 

ANMs. 

Interviews were conducted by social scientists with previous experience in VL. The 

structured questionnaire contained questions exploring training level, professional 

experience and experience with VL and TB; in addition there were questions exploring 

knowledge on presenting signs and symptoms, mode of transmission, and diagnostic and 
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treatment procedures of VL and TB, as well as questions exploring willingness to become 

further involved in VL control.  

The data was entered in an MS Access database, using a double data entry procedure, prior 

to which all personal identifiers were removed. Data analysis was performed using Stata⁄IC 

V10.1 (Stata Corp., College Station Tx, USA). Proportions and confidence intervals at 95% 

(CI95) were calculated for individual items. 

Ethical Approval 

This study was formally reviewed and approved by the Institutional Review Board of the 

Institute of Tropical Medicine (ITM), Antwerp as well as by the ethics committee of Banaras 

Hindu University in Varanasi, India. All participants were asked for informed consent prior to 

enrolment in the study.  

Results 

We were able to interview all 100 ANMs and 100 ASHAs sampled, all respondents were 

women. On average, ASHAs were younger (median age 32 years; Inter quartile range [IQR] 

29-36 years) than ANMs (median age 43 years; IQR 39-48 years). Almost all ANMs (97%) and 

73% of ASHAs had education of more than or equal to higher secondary schooling. ANMs 

were very experienced with a median working experience of 19 years (IQR 5-24 years); 

ASHAs were usually less experienced but still had a median working experience of 6 years 

(IQR 5-7 years). The median weekly time spent on the job was 36 hours for ANMs (IQR 30-42 

hours) and 14 hours for ASHAs (IQR 10-21 hours). The median number of visits to the PHC 

center per month reported was 5 for both ANMs (IQR 4-7 visits) and ASHAs (IQR 3-8 visits). 

Ninety eight per cent of ANMs (CI95 93-100%) and 92% of ASHAs (CI95 85-96%) have a 

mobile phone, almost all in good working order.  

Ninety two percent of ANMs (CI95 85-96%) and 77% (CI95 68-85%) of ASHAs interviewed 

had previously attended trainings on TB; for VL only 39% (CI95 29-49%) of ANMs and 26% 

(CI95 17-36%) of ASHAs had ever attended specific trainings. Ninety percent of ANMs (CI95 

82-95%) and 82% of ASHAs (CI95 73-89%) have had at least one TB patient in their 

catchment area over the past five years; while 40% (CI95 30-50%) of AMNs and 24% (CI95 
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16-34%) of ASHAs reported having had at least one case of VL in their catchment area over 

the same period. When asked about their own involvement in TB and VL case finding and 

treatment, 89% of ANMs (CI95 81-94%) and 81% of ASHAs (CI95 72-88%) indicated ever 

having referred a TB suspect, in almost all cases (99%) such patients were referred to a 

health center. For VL, 48% of ANMs (CI95 38-59%) and 23% of ASHAs (CI95 15-31%) had 

ever referred a suspect case, usually (92%) to a health center. Fifty per cent of ANMs (CI95 

40-60%) and 27% of ASHAs (CI95 19-37%) were currently involved in TB treatment; for VL 

4% of ANMs (CI95 1-10%) and 2% (CI95 0-7%) of ASHAs were currently involved in 

treatment. Among ASHAs and ANMs involved in TB treatment the most common tasks 

performed were daily observing of treatment (DOT), reported by 61% and collecting TB 

drugs from the health center reported by 69%. None of the ANMs and only 16% of ASHAs 

reported ever having received incentives for their involvement in TB treatment; the 

incentive received in all cases was money in an amount of 200-250 Indian Rupees 

(equivalent to 4-5 US$). More details on specific trainings, experience and knowledge of 

ANMs and ASHAs are provided in table 1. 

Presenting signs of TB were well known; 99% (CI95 95-100%) of ANMs and 98% of ASHAs 

(CI95 93-100%) spontaneously mentioned cough, with or without haemoptysis, while fever 

was reported by 97% (CI95 91-99%) of ANMs and 86% (CI95 80-94%) of ASHAs. For VL fever 

was mentioned by 99% of ANMs (CI95 95-100%) and 94% (CI95 87-98%) of ASHAs; other 

symptoms mentioned were loss of appetite/weight loss (74% (CI95 64-82%) of ANMs and 

53% (CI95 43-63%) of ASHAs), enlarged spleen/swelling of abdomen (37% (CI95 28-47%) of 

ANMs and 9% (CI95 4-16%) of ASHAs) and blackening of the skin (33% (CI95 24-43%) of 

ANMs and 14% (CI95 8-22%) of ASHAs). Five per cent of ASHAs and none of the ANMs 

reported not knowing any symptoms of VL.   

Most ANMs (93% CI95 86-97%) and ASHAs (91% CI95 84-96%) mentioned sputum smear 

microscopy as diagnostic test for TB; X-ray was mentioned by 74% (CI95 64-82%) and 71% 

(CI95 61-80%) of ANMs and ASHAs respectively. A substantial proportion (29% (CI95 20-

39%) of ANMs and 47% (CI95 37-57%) of ASHAs) mentioned a ‘blood test’. For VL 16% of 

ANMs (CI95 9-25%) and 30% (CI95 21-40%) of ASHAs indicated not to know which diagnostic 

tests are used. Rapid tests or blood tests were mentioned by 70% (CI95 60-79%) of ANMs  
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Table 1: Training, experience and knowledge of ANMs and ASHAs related to TB and VL 

 Tuberculosis Visceral Leishmaniasis 

 ANM ASHA ANM ASHA 

 Percentage (95% CI) 

Attended training 92(85-96) 77(68-85) 39(29-49) 26(17-36) 

Ever referred a suspect case 89(81-94) 81(72-88) 48(38-59) 23(15-31) 

Case(s) in catchment area in past 5 years 90(82-95) 82(73-89) 40(30-50) 24(16-34) 

Currently involved in treatment 50(40-60) 27(19-37) 4(1-10) 2(0-7) 

Key presenting symptoms mentioned:     

- None 0(0-4) 1(0-5) 0(0-4) 5(2-11) 

- Cough  99(95-100) 98(93-100) 2(0-7) 1(0-5) 

- Fever 97(91-99) 88(80-94) 
99(95-

100) 
94(87-98) 

- Weight loss 69(59-78) 56(46-66) 74(64-82) 53(43-63) 

- Abdominal distension (VL only) NA NA 37(28-47) 9(4-16) 

- Blackening of skin (VL only) NA NA 33(24-43) 14(8-22) 

Mode of transmission mentioned     

- None 0(0-4) 2(0-7) 4(1-10) 17(10-26) 

- Airborne 98(93-100) 96(90-100) 0(0-4) 2(0-7) 

- Foodborne 18(11-27) 18(11-27) 0(0-4) 2(0-7) 

- By insect (vector borne) 2(0-7) 5(1-11) 77(68-85) 52(42-62) 

- Through dirt 9(4-16) 13(7-21) 26(18-36) 30(21-40) 

Key diagnostic tests/ procedures mentioned     

- None 2(0-7) 1(0-5) 16(9-25) 30(21-40) 

- Sputum smear examination (TB only) 93(86-97) 91(84-96) NA NA 

- X-ray (TB only) 74(64-82) 71(61-80) NA NA 

- Sputum culture (TB only) 4(1-10) 2(0-7) NA NA 

- ‘Blood test’, rapid test 29(20-39) 47(37-57) 70(60-79) 67(57-76) 

- Bone marrow, gland or spleen aspirate(VL 

only) 
NA NA 34(25-44) 10(5-18) 

Knowledge on treatment     

- Mentions generic name one or more 1st line 

drugs 
20(13-29) 1(0-5) 62(52-72) 9(4-16) 

- Knows name of recommended 1st line 

regimen* 
80(71-87) 34(25-44) 8(4-15) 1(0-5) 

- Knows mode of administration 1st line 

regimen 
96(90-99) 76(66-84) 32(23-42) 12(6-20) 

- Knows duration of treatment 1st line regimen 92(85-96) 80(71-87) 10(5-18) 1(0-5) 

- Knows where treatment is available 100(97-100) 97(91-99) 
99(95-

100) 
97(91-99) 

* ‘Category’, referring to category 1-3 in the WHO system is considered a correct answer 
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and 67% (CI95 57-76%) of ASHAs; 34% of ANMs (CI95 25-44%) and 10% (CI95 5-18%) of 

ASHAs mentioned gland, bone marrow or spleen aspiration. 

The mode of transmission of TB was also well known, 98% of ANMs and 96% of ASHAs 

mentioned airborne transmission through coughing; for VL on the contrary there were some 

misconceptions. Seventy seven per cent of ANMS and only 52% of ASHAs correctly replied 

that the disease is transmitted by an insect; a substantial proportion of ANMs (26%) and 

ASHAs (30%) think the disease is transmitted through dirt. 

When asked about treatment of TB, 20 ANMs (20%) and only 1 of the ASHAs (1%) were able 

to mention at least one of the generic names of the first line drugs. Eighty ANMs (80%) and 

34 ASHAs (34%) mentioned ‘Category’, referring to the WHO system classifying TB 

treatment as category 1, 2 or 3. Duration of standard TB treatment was well known with 

92% of ANMs and 80% of ASHAs correctly replying: ‘6 months’. For VL treatment the 

situation is different. The generic names of drugs are better known with 62% (CI95 52-72%) 

of ANMs and 9% (CI95 4-16%) of ASHAs able to mention at least one of the drugs commonly 

used by its generic name but the drug most often mentioned was SSG (57% of ANMs and 5% 

of ASHAs); only 13% of ANMs and 1% of ASHAs spontaneously mentioned Miltefosine. 

When shown the list of drugs currently used in VL treatment and asked which of these drugs 

is currently the recommended first line regimen, only 8% of ANMs and 1% of ASHAs 

correctly replied: ‘Miltefosine’.  

Almost all participants (99% of ANMs and 97% of ASHAs) were aware that free VL treatment 

is available at community health center level (Block PHC). Having been told that Miltefosine 

is the first line treatment and asked how it is administered, 32% of ANMs and 12% of ASHAs 

correctly replied that Miltefosine is administered orally; knowledge about the duration of 

treatment with Miltefosine was very poor, with 10% of ANMS and only 1% of ASHAs 

replying correctly.  

Knowledge on VL was not much better among those who reported having participated in VL 

specific training courses. Four out of 39 ANMs (10%) and none of 26 ASHAs who had been 

trained knew that Miltefosine is the drug of choice. When asked about the duration of 
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treatment with Miltefosine, 5 out of the 39 ANMs (13%) and none of the 26 ASHAs replied 

correctly.   

When asked whether they were prepared to get (more) involved in management of VL 

patients, 90% of ANMs and 97% of ASHAs responded positively. Eighty five per cent of 

ANMs and 95% of ASHAs were prepared to visit VL patients at least on a weekly basis; 95% 

of ASHAs were prepared to collect drugs for VL patients from the PHC center. So far only 1 

ASHA and none of the ANMs reported ever having received an incentive for involvement in 

VL care. If they would become more involved, 41% of ANMs and 98% of ASHAs would expect 

to be paid some incentive. In almost all cases, this was a monetary incentive. The maximum 

amount mentioned was 1,000 Indian Rupees1, for ANMs as well as for ASHAs; among those 

who responded the median amount expected was 500 Rupees for both categories (ANMs 

n=34, IQR 400-600 INR; ASHAs n=91, IQR 500-1000 INR). 

Discussion 

We were able to locate and interview all 200 respondents randomly sampled from the lists 

of 843 ANMs and 3,281 ASHAs provided by the district health authorities. All respondents, 

ANMS and ASHAs alike, regularly visited the community health center (Block PHC) with a 

median of 5 visits per month. ASHAs are volunteers but nevertheless at the time of the 

interviews they reported a median experience of 6 years on the job (IQR 5-7 years); this is 

indicative of a good retention among this cadre of health workers. Our study thus confirms 

that India does have a well-established network of village health workers with solid links to 

the primary health care system.  

ANMs and ASHAs know very well the presenting symptoms of VL, most of them also know 

the mode of transmission and the main diagnostic tools used. The same applies to their 

knowledge on presenting symptoms, mode of transmission and diagnosis of TB. Where 

treatment is concerned the situation is different. Drugs used to treat VL are apparently well 

known, at least among the ANMs. When asked about drugs used to treat TB, very few 

respondents knew any of the generic names but the mode of administering treatment and 

the duration of the recommended first line regimen are very well known. Although 62% of 

                                                            
1 Exchange rate 56.9 Indian rupee for 1 US dollar 
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ANMs were able to mention some of the drugs used in VL treatment, only 8% knew that 

Miltefosine is the recommended first line treatment in the PHC system in Bihar. One third of 

ANMs knew that Miltefosine is an oral drug but only 10% knew the duration of treatment. 

There was not much difference in the replies among those that had and those that had not 

undergone specific VL trainings. Most of these trainings were one day trainings during the 

monthly coordination meetings, without any systematic further involvement in the VL 

control program. 

These findings reflect the fact that the tuberculosis control program does systematically 

involve ANMs and ASHAs and that this is so far not the case for the VL control program. Yet 

in both diseases it is essential to ensure adequate intake of drugs and monitoring of 

treatment outcomes for which ASHAs and ANMs can be a powerful resource (Veen et al, 

1998; Chakravarty & Sundar, 2010). As we observed in an earlier study in this region, 28% of 

VL patients started on treatment were not cured by the treatment prescribed without the 

health services staff involved being aware of the problem (Hasker et al, 2010). Miltefosine is 

known to have a long half-life and to be susceptible to develop resistance with a single point 

mutation (van Griensven & Boelaert, 2011). Uncontrolled use of the drug could have dire 

consequences for the VL control effort in the region. As has been known for several decades 

in TB control, a large scale treatment program needs to monitor not just the numbers of 

cases put on treatment but also the compliance with treatment regimens prescribed and 

the treatment outcomes (Styblo, 1976).  

In VL control, the ANMs and ASHAs provide a so far largely untapped resource that can 

make a major contribution. According to the guidelines Miltefosine treatment should be 

provided under supervision of a health worker or of a designated community member and 

the patient will be encouraged to report to the treatment center twice a week during 

treatment, so far this is hardly ever done. The vast majority of ANMs (85%) and ASHAs (95%) 

are prepared to pay weekly visits to patients on VL treatment; a follow-up visit 6 months 

after treatment completion could easily be included. They all visit the Block PHC center on a 

very regular basis, on average at least once a week. This provides an easy opportunity to 

hand over treatment and to report back on results. Moreover over 90% can be reached by 

mobile phone, further reducing any potential communication barriers. The standard 
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catchment population for ASHAs is 1000, the estimated annual VL incidence in the endemic 

districts of India is 30/10,000 (Mondal D. et al, 2009). Thus the average number of cases per 

ASHA would be about 3 per year, which is feasible.      

Regular visits to patients on treatment can also be an opportunity for active case finding 

among close contacts of these patients, since we know that VL has a strongly clustered 

distribution and that there is major under reporting (Hirve et al, 2010). Early diagnosis is 

now operationally feasible with the use of field based rapid diagnostic tests (rK39) to detect 

antibodies to recombinant antigen rK39 (Cunningham et al., 2012) ). Such active case finding 

could also include post kala-azar dermal leishmanisis (PKDL), which is a condition for which 

patients often do not seek treatment spontaneously but which may be of importance in 

maintaining the transmission cycle of VL (Mondal et al, 2010). The ASHAs, who are volunteer 

workers, do expect to be paid some incentive but the amounts mentioned were certainly 

not exorbitant. Moreover an earlier study in the same region showed that paying incentives 

to ASHAs worked well in increasing early case detection of VL (Singh SP et al, 2011).  

Conclusion 

The VL control program should urgently consider putting in place a strong system to monitor 

short and long term treatment outcomes, as is already done for TB. ANMs and ASHAs can 

make an important contribution to such system by ensuring adequate intake of treatment 

and reporting of treatment outcomes among patients under their care. They are well 

organized, have strong links to the PHC system and are prepared to get involved. The VL 

control program should seize this opportunity to ensure successful control of VL in the 

longer term. Visceral leishmaniasis is more than a public health problem in India; it has 

become one of the determinants of poverty. It are the poor and marginalized sections of 

society who are most vulnerable to its catastrophic effects. Therefore, disease control policy 

makers have to take the social determinants into account when planning control. 

Acknowledgements 

We acknowledge the important inputs of our social scientists who conducted the 

interviews: Dr. V. Dubey, Dr.Shanti, B. Pathak, Kamlesh and Dr. Chandra Bhushan.  

This work was supported by NIAID, NIH TMRC Grant No. 1P50AI074321. 



104 
 

References 
 

Alvar J, Velez ID, Bern C et al. (2012) Leishmaniasis Worldwide and Global Estimates of Its 

Incidence.PLoS.One. 7, p e35671. 

 

Chakravarty J & Sundar S (2010) Drug resistance in leishmaniasis.J.Glob.Infect.Dis. 2, p 167-

176. 

 

Cunningham J, Hasker E, Das P et al. (2012) A Global Comparative Evaluation of Commercial 

Immunochromatographic Rapid Diagnostic Tests for Visceral Leishmaniasis.Clin.Infect.Dis. 

 

Gopalan SS, Mohanty S, & Das A (2012) Assessing community health workers' performance 

motivation: a mixed-methods approach on India's Accredited Social Health Activists (ASHA) 

programme.BMJ Open. 2. 

 

van Griensven J & Boelaert M (2011) Combination therapy for visceral leishmaniasis.Lancet 

377, p 443-444. 

 

Guideline on use of Miltefosine. NVBDCP. Available at 

http://nvbdcp.gov.in/Doc/Guidelines%20on%20miltefosine.pdf 

 

Hasker E, Singh SP, Malaviya P et al. (2010) Management of visceral leishmaniasis in rural 

primary health care services in Bihar, India.Trop.Med.Int.Health 15 Suppl 2, p 55-62. 

 

Hirve S, Singh SP, Kumar N et al. (2010) Effectiveness and feasibility of active and passive 

case detection in the visceral leishmaniasis elimination initiative in India, Bangladesh, and 

Nepal. Am.J.Trop.Med.Hyg. 83, p 507-511. 

 

Malaviya P, Picado A, Singh SP et al. (2011) Visceral leishmaniasis in Muzaffarpur district, 

Bihar, India from 1990 to 2008.PLoS.One. 6, p e14751. 

 

Mondal D, Singh SP, Kumar N et al. (2009) Visceral leishmaniasis elimination programme in 

India, Bangladesh, and Nepal: reshaping the case finding/case management 

http://nvbdcp.gov.in/Doc/Guidelines%20on%20miltefosine.pdf


105 
 

strategy.PLoS.Negl.Trop.Dis. 3, p e355. 

 

Mondal D, Nasrin KN, Huda MM et al. (2010) Enhanced case detection and improved 

diagnosis of PKDL in a Kala-azar-endemic area of Bangladesh.PLoS.Negl.Trop.Dis. 4. 

 

Mukherji Committee (1966). Report of the Committee Appointed to Review Staffing Pattern 

and Financial Provision under Family Planning Programme, New Delhi, GOI. http://nrhm-

mis.nic.in/ui/who/PDF/Mukerji%20Committee%20Report%20on%20Basic%20Health%20Ser

vices,1966-69.pdf 

 

Major stakeholders and their role, National Rural Health Mission. Available through 

http://mohfw.nic.in/NRHM/stakeholders.htm 

 

Revised National TB Control Programme: Annual Status Report 2011. Available at: 

http://www.tbcindia.nic.in/pdfs/RNTCP%20TB%20India%202011.pdf 

 

Singh SP, Hirve S, Huda MM, Banjara MR, Kumar N, et al. (2011) Options for Active Case 

Detection of Visceral Leishmaniasis in Endemic Districts of India, Nepal and Bangladesh, 

Comparing Yield, Feasibility and Costs. PLoS Negl Trop Dis 5(2): e960. 

doi:10.1371/journal.pntd.0000960  

 

Styblo K (1976) Surveillance of tuberculosis. Int.J.Epidemiol. 5, p 63-68. 

 

Veen J, Raviglione M, Rieder HL et al. (1998) Standardized tuberculosis treatment outcome 

monitoring in Europe. Recommendations of a Working Group of the World Health 

Organization (WHO) and the European Region of the International Union Against 

Tuberculosis and Lung Disease (IUATLD) for uniform reporting by cohort analysis of 

treatment outcome in tuberculosis patients.Eur.Respir.J. 12, p 505-510. 

 

World Health Organization, Country office for India: primary healthcare resources in India. 

[document on the internet] Available from: http://www.whoindia.org/LinkFiles/ Health 

Systems_Development_Primary_Health_Care_Primary_health_care_resources_. pdf (accessed 

June 2012). 

http://nrhm-mis.nic.in/ui/who/PDF/Mukerji%20Committee%20Report%20on%20Basic%20Health%20Services,1966-69.pdf
http://nrhm-mis.nic.in/ui/who/PDF/Mukerji%20Committee%20Report%20on%20Basic%20Health%20Services,1966-69.pdf
http://nrhm-mis.nic.in/ui/who/PDF/Mukerji%20Committee%20Report%20on%20Basic%20Health%20Services,1966-69.pdf
http://mohfw.nic.in/NRHM/stakeholders.htm
http://www.tbcindia.nic.in/pdfs/RNTCP%20TB%20India%202011.pdf


106 
 

World Health Organization, Regional office for South-East Asia. Regional Strategic 

Framework for Elimination of Kala-azar from the South-East Asia Region (2005-2015) 

[document on the internet]. WHO SEARO; 2005. Available from: 

http://www.searo.who.int/LinkFiles/Kala_azar_VBC-85_Rev_1.pdf. (Accessed June 2012) 

  

http://www.searo.who.int/LinkFiles/Kala_azar_VBC-85_Rev_1.pdf


107 
 

Section 3. Information system: on strategies for monitoring clinical 

outcomes of treatment (3.1; 3.2) and on a health research information 

platform (3.3) 

 

 3.1 Surveys 

 

Monitoring drug effectiveness in kala-azar in Bihar, India: cost and feasibility 

of periodic random surveys versus a health service - based reporting system  
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Abstract 

Background and Objective: Visceral leishmaniasis (VL) is a chronic infectious disease that is 

of major public health importance in the state of Bihar in India. A regional VL Elimination 

Initiative was launched in 2005 based on the use of the oral drug miltefosine. However, 

concerns were raised about development of drug resistance. Drug effectiveness cannot be 

assessed accurately based on the current recording and reporting system of health facilities. 

In 2009 a random survey was conducted in Muzaffarpur district to document the clinical 

outcomes of VL patients treated by the public health care system in 2008. We analyze the 

operational feasibility and cost of such periodic random survey as compared to health 

facility based routine monitoring. 

Methods: A random sample of 150 patients was drawn from registers kept at Primary 

Health Care centers (PHCs). Patient records were examined and the patients were located at 

their residence. Both patients and physicians were interviewed with the help of two 

specifically designed questionnaires by a team of one supervisor, one physician and one 

field worker. Costs incurred during this survey were properly documented and vehicle log 

books were maintained for present analysis.  

Results: Only 115 (76.7%) of the patients could be located in the first effort and finally 11 

patients were not traceable on account of erroneous recording of patients’ characteristics 

and addresses at the CHCs. Per patient follow-up cost was US$ 15.51 and on average 2.27 

patients could be visited per team-day. Human resource involvement constituted 75% of the 

total cost whereas involvement of physician costs 51% of the total cost.  

Interpretation and conclusion: A random survey to document clinical outcomes is costly and 

labor intensive, but gives probably the most accurate information on drug effectiveness. A 

health service based retrospective cohort reporting system modeled on the monitoring 

system developed by tuberculosis programs could be a better alternative. Involvement of 

community health workers in such monitoring would offer the additional advantage of 

treatment supervision and support.  

Keywords 

Visceral Leishmaniasis, Drug monitoring, Drug effectiveness, Public Health System, 

Recording and reporting, Supervised treatment, patient follow-up, ASHA Network  
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Introduction 

Visceral leishmaniasis (VL, kala-azar) is a chronic infectious disease, caused by a 

parasite and transmitted through an arthropod vector. In the Indian subcontinent 

L.donovani is the causative parasite and P.argentipes, a phlebotomine sandfly, is the vector. 

More than 90% of world’s VL burden occurs in the Indian subcontinent, Sudan and Brazil. In 

India, more than 90 percent of the VL cases are reported from a single state, Bihar. A 

centrally organized and sponsored VL Elimination Initiative has been launched in endemic 

areas since 2005. The Government of India provides antileishmanial drugs, insecticides and 

technical support and the state government implements the program through the primary 

health care system and district hospital in integration with other vector born diseases. 

Financial assistance is being provided to endemic states since December 2003 to facilitate 

effective strategy implementation by States under National Vector Born Disease Control 

Programme (NVBDCP). The goal of the VL Elimination Initiative is to reduce the annual 

incidence rate of kala-azar and PKDL to less than one per 10,000 population at sub-district 

level by the end of 2015 (WHO 2005). Several authors have pointed to the need to 

strengthen the surveillance system in the VL Elimination Initiative (Chappuis et al 2007). 

Besides reporting incidents, there are some important reasons for monitoring – the 

treatment compliance and its outcome. The causative parasite, L. donovani, has a human 

reservoir; any patient not fully cured remains infectious to the vector (WHO 1990). 

Moreover, as Styblo realized when expanding tuberculosis control programs in East Africa in 

the late 1970s, a disease control program that fails to cure a high enough proportion of 

patients enrolled may do more harm than good by promoting drug resistance. (Styblo, 1976; 

Styblo & Bumgarner, 1991) Drug resistance to antimonials is already widespread in the VL 

endemic region and miltefosine resistance might easily develop if the drug is used on a large 

scale as monotherapy in an unregulated manner (Sundar et al. 2001; van Griensven et al, 

2010).  

Failure of VL treatment can present as initial failure or as relapse after treatment is 

completed, or as post-kala-azar dermal leishmaniasis (PKDL), a dermatological complication 

of leishmanial infection. These – apart from the clinical problems they pose- increase the 

reservoir of leishmanial infection and thereby its transmission. (Addy et al, 1992)  
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The kala-azar elimination initiative has recognized that case detection rates, 

compliance rates and cure rates are amongst the key indicators to monitor the effectiveness 

of the initiative undertaken. Nonetheless, the recording and reporting system currently in 

use lacks adequate provisions for monitoring the VL patients during treatment and their 

final clinical outcome. Monitoring clinical outcomes is complex in kala-azar, as it 

conventionally requires an assessment by a clinician 6 months after treatment completion; 

while the drug treatment itself usually lasts for less than a month.  

We conducted a cross-sectional survey of randomly selected 150 kala-azar patients 

treated during 2008 in all the Community Health Centers of Muzaffarpur district, Bihar 

State, to document treatment effectiveness (Hasker et al 2010). We noticed that about 40% 

of patients were still treated with pentavalent antimonials, notwithstanding the program 

recommendation dated 2005 to use miltefosine as first line treatment. A large proportion of 

VL patients in Muzaffarpur in 2008, 28% (95% CI 20-35%), needed retreatment. Especially 

patients treated with antimonials (Sodium stibogluconate or SSG) had poor treatment 

outcome with 40% (95% CI 28-52%) requiring a second course of treatment. Among the 40 

patients treated on miltefosine, 6 (15%, 95% CI 3-27%) needed a second treatment course. 

There were some discrepancies between the results obtained through review of the health 

centre records and those obtained through interviews with patients.  

The recording and reporting system currently in use in the health facilities was 

unable to generate this essential information on treatment outcomes. To better monitor 

treatment effectiveness, periodic random surveys for all the patients such as the one 

described here could be an option. While the periodic random survey method is probably 

more accurate in assessing individual treatment outcomes, it will require a substantial effort 

from the control program. Another option could be to improve the routine recording and 

reporting system with involvement of grass root level health workers. Such surveillance 

method depends on the existing networks of the health system; it might be more 

appropriate and sustainable in the given context than periodic random surveys. In this study 

we have analyzed the operational and economical feasibility of a periodic random survey 

and have documented its strengths and its constraints. We have also identified bottlenecks 

in the current recording and reporting system at Primary Health Care level. We have made 
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an attempt to suggest an alternate model with the involvement of gross root level 

functionaries. 

Method 

Description of the study area:  

Muzaffarpur district in Bihar state is one of the highly endemic districts for kala-azar 

since 1972. Districts in this state typically have a population of 2-3 million inhabitants, and 

one district hospital that provides all specialized services. Primary health care in rural areas 

of India is organized as a 3-tier system. At the top of the pyramid is the Community Health 

Centre, in theory catering for a population of 120,000, which corresponds to the 

administrative division, called ‘Block’. The Community Health Centre is staffed with 

physicians and has a limited number of beds. Each Community Health Centre supports four 

Primary Health Centres which is the lowest level of the system at which physicians are 

available. A PHC in turn should support 6 Health Sub-centres, run by auxiliary nurses/ 

midwives (ANMs). At village level there are volunteer outreach workers known as accredited 

social health activists (ASHAs). They are supervised by the ANMs and are the link between 

the community and the health system. The system is well organized with all ASHAs 

attending meetings at the Community Health Centre once every four weeks and ANMs 

meeting twice a month. (WHO1) Though according to the norms there should be one 

Community Health Centre per 120,000 inhabitants and one Primary Health Centre per 

30,000, the actual population covered is much higher. The rural areas of Muzaffarpur in 

which we conducted our research have a population of almost 4 million but altogether there 

are only 14 Community Health Centres and 46 additional Primary Health Centres. The 

establishment of additional Primary Health Centres is in progress (See 

http://statehealthsocietybihar.org).  

VL diagnosis and treatment are currently available only at Community Health 

Centres. VL diagnosis in these centers is based on presenting signs and symptoms, and the 

results of an rK39 rapid immunochromatographic test. If required, e.g. in case of presumed 

recurrence, parasitological examination is performed at higher health facilities like district 

hospital or medical college. Monotherapy with 28 days of oral miltefosine is the 

recommended first-line regimen in the elimination initiative. Six months after treatment 
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completion, patients are invited for a follow-up visit to determine final treatment outcome. 

If the patient has completed treatment and is in good clinical condition at the end of the 

follow-up period, he is considered cured.  

Patients and Data Collection  

The lists of all VL cases, treated in 2008, were collected from all the 14 Community 

Health Centers (CHC) totaling 1879 cases. A random sample of 150 cases was selected as 

described elsewhere (10). The sample size required to estimate a proportion of 10% 

(expected proportion of patients not completing treatment/ follow-up) with a precision of 

±5% and α-error of 0.05 and a power of 90% is 138, 12 patients were added taking into 

account the possibility of patients not being available or not agreeing to participate. 

Locations of the patients are shown in Figure 1, and were representative of all patients in 

the district. 

We checked the records of the patients kept at their respective CHC and noted the 

information related to their date of reporting, date of diagnosis and initiation of treatment, 

type of drug given and final outcome of the treatment. Two interview questionnaires were 

used; one to interview the physicians in the CHCs and a second for patients. We prepared a 

visit plan to minimize the travel costs and time. We allowed a maximum of three visits to 

locate and interview a patient; if contact was not possible within those 3 visits, the patient 

was considered as untraceable. For locating patients, help from health workers like ASHA, 

ANMs, and local community leaders were sought. In case of a minor, patient’s guardian was 

interviewed. If a patient was not available for interview or had died, adult family members 

or nearest relatives were interviewed. The flow chart of the entire procedure for 

interviewing patients is given in figure 2. Medical records of patients were verified by the 

physician to confirm the diagnosis. The research team comprised of an experienced 

physician and a well trained field worker with sociology background. The research team 

used its own vehicle for transportation. On an average, the team worked for 8 hours per day 

including transportation and refreshment time in between.  

Cost Estimation 

For calculation purposes we recorded the time necessary in ‘Team-days’ and 

maintained a vehicle log book, account book and other financial documents as well. We 
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Figure 1: Distribution of 139 randomly selected VL cases during 2008 in Muzaffarpur district, 

Bihar, Inida 

 

 

calculated various costs and total distance travelled from Kala-azar Medical Research Centre 

(KAMRC) in Muzaffarpur city, the nodal centre for operating the study. Calculation of time 

(team-days) and costs of transportation for obtaining information from CHCs and patients 

were done separately. In our calculation, we did not include the costs of investments and 

amortization, in particular the costs of a car and GPS devices for recording the Lat/Long 

points of the patients’ homes. 

Ethical Aspects 

Ethical clearance was obtained from the Ethical committee of Banaras Hindu 

University in Varanasi, India, as well as from the ethics committee of the University of 

Antwerp, Belgium. Any person identified with (suspected) VL in the process of the study, 

whether due to treatment failure/relapse or a first episode, was eligible for free diagnosis 

and treatment at the Kala-azar Medical Research Centre (KAMRC).  
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Figure 2: Flow chart showing the follow up procedure of Kala-azar patients at their homes  
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Results 

Out of 150 randomly selected patients, households of only 139 could be located and out of 

those 139, one patient had died. We could locate 115 cases on the first visit, 24 cases 

required a second visit. Eleven patients could not be traced even after three attempts, and 

were considered as ‘untraceable’. Out of 115 cases that could be located in the first visit, we 

could interview only 101 cases on the same day; 14 cases required a second visit to be 

interviewed. The remaining 24 cases that were located in the second visit could all be 

interviewed during that same visit (Table 1). After each unsuccessful attempt to locate a 

patient, before making a next attempt we explored the reasons in consultation with ANMs 

and ASHAs. The most common reasons were (i) improper registration of name and 

incomplete addresses of the patients recorded in the CHC register; (ii) a false identification 

given by patients as they might be originating from a CHC area other than the one they 

sought treatment in; (iii) the patient was a visiting relative of a household in the CHC area 

and returned to his/her original permanent residence; or (iv) patient originated from the 

same CHC area but migrated elsewhere.  

Manpower required and estimation of cost 

To collect the patients’ information from all the 14 CHCs, the team had to spend 10 

team-days; an average of 0.7 team-days per CHC and had to travel a total of 700 kilometers. 

To follow up 150 patients it took a total of 210 visits in 66 team-days with an average of 3.18 

visits per team-day. The ‘effective coverage’ of patients, (meaning a patient could be 

located and interviewed or finally could not be located), was 2.27 patients per team-day. 

The average distance travelled for effective coverage per patient was 35.2 kms (Table 2).  

The total cost incurred for obtaining information from all 14 CHCs was US$ 275.05 

(Table 3A). Per patient average follow up cost was US$ 15.51 with a total of US$ 2328.09 

(Table 2 and Table 3B). Thirty-five patients could not be located during the first visit, which 

resulted in additional costs and human resources requirements. Being able to locate all 

patients upon the first visit would have led to a 25% reduction in human resources 

requirement and would have reduced the total costs from US$ 2,603.05 to US$ 1,932.55.  
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Costs on human resources made up a major portion of the total costs at each stage 

of the study. It constituted 70% and 75% respectively for collecting information from 14 

CHCs and for follow-up of patients (Table 3A and 3B). 

 

Table 1: CHC wise detail of total registered VL cases, no. randomly selected and no of visits 

required for effective Follow-up of 150 patients. 

CHC 

Name 

Area 

(Sq 

Km) 

Total 

Population 

(Dec. 

2008) 

Total VL 

Cases in 

2008 

Number.  

randomly 

Selected 

No. of Visits required 

for effective follow-

up 

Unsuccessful 

after three 

attempts 

One Two Three 

Aurai 219 277600 42 2 0 2   

Bochahan 221 220139 163 11 7 3  1 

Giaghat 233 242624 97 8 5 3   

Kanti 311 403030 143 22 16 5  1 

Katra 193 228312 42 3 3    

Kurhani 301 411197 115 14 11 2  1 

Minapur 250 309405 91 5 5    

Motipur 333 364909 190 19 12 5  2 

Muraul 180 216999 8 1 1    

Musahari 170 298592 90 4 2 2   

Paroo 347 326924 420 28 20 4  4 

Sahebganj 212 218573 203 11 7 4   

Sakara 205 288582 65 6 4   2 

Saraiya 273 297029 167 16 8 8   

Total 3448 4103915 1836 150 101 38  11 
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Table 2: Effort and cost for collecting information from CHC and patients.  

Efforts and Cost of information from 14 

CHCs 

Efforts and cost of information from 150 

patients 

Total no. of team-days 

required 

10 Total team-days required 66 

Total no. of CHC visits 

required 

14 Total no. of patient visits 

(attempts) required 

210 

Average team days required 

per CHC 

0.7 Average visit paid for 

‘effective coverage’ of one 

case 

1.4 

Average no. of CHC covered 

per team- day 

1.4 Average no. of patient visits 

per team day 

3.2 

Total distance travelled  700 Km Total distance travelled 5280 Km 

Average distance travelled 

per CHC 

50 Km Average distance for 

effective coverage of a case 

35.2 

Total Cost  US $275.05 Total cost  US $2328.09 

Average cost per CHC  US $19.65 Average cost per patient US $15.52 

 

Discussion  

We studied the cost and feasibility of a periodic random survey to establish final 

treatment outcomes of a sample of 150 kala-azar patients treated in 2008 in the 

Muzaffarpur district by CHCs. We were able to interview 139 out of 150 patients sampled 

and established the final treatment outcomes at the cost of approximately 2,600 US Dollar, 

including 10, 66, and 76 working days of a physician, a social scientist and a driver 

respectively. To our surprise none of the 139 patients were followed up at six months at  
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Table 3 (A): Break-up cost for collecting information from (a) CHCs and (b) Patients 

Heads Sub-heads 
Amount 

(US$/Team-Day) 

Team-Days 

Consumed 

Total Amount 

(US$) 

a. CHC 

Human Resource 

Supervisor 10.83 

10 Team-days 

 

Field Worker 5.76  

Driver 2.88  

Sub-Total 19.47 194.70 

Transportation 
Fuel/Lubricant 5.31 53.10 

Maintenance  12.63 

Snacks  0.65 6.50 

Stationary/Printing   6.50 

Communication   1.62 

   Grand Total 275.05 

b. Patients 

Human Resource 

Physician 18.04 

66 Team-days 

 

Field Worker 5.76  

Driver 2.88  

Sub-Total 26.68 1760.88 

Transportation 
Fuel/Lubricant 6.06 399.96 

Maintenance  95.67 

Snacks  0.65 42.88 

Stationary/Printing   21.66 

Communication   7.04 

   Grand Total 2328.09 
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CHCs. Patient’s characteristics (name, age, sex, and head of households) and addresses 

recorded at CHC facilities were often incomplete and at times erroneous, and failures of 

majority of the patients to report at six months were the major bottlenecks, identified in the 

study. Lack of motivation and training of health care workers are major handicaps in 

incomplete capture of the data.  

A sensitivity analysis showed that the cost could have been reduced by 35% and 

human resources requirements by 25% if proper addresses would have been available. 

Involving a medical doctor in patient interviews constituted 51% of the total cost incurred. 

This cost could have been reduced by replacing medical doctors by paramedical workers, 

who in turn could refer the suspected drug failure/relapse to CHC. However, the advantages 

and disadvantages of such a strategy need to be worked out. If applied to the entire 

endemic region on a regular basis, the affected population size will decrease gradually so 

will be the cost of such a monitoring system. Even then it is a very costly and labor intensive 

approach. If such random surveys are adopted as a national strategy for monitoring 

treatment effectiveness, they would need to be carried out at periodic intervals, quarterly 

or at least bi-annually.   

Yet data on treatment effectiveness are essential elements in monitoring the 

effectiveness of a disease control program. Several alternative approaches are possible, 

such as the establishment of sentinel sites or a more global monitoring system such as the 

system used by tuberculosis control programs. In the tuberculosis control program 

recording and reporting system requires treating physicians to report on a quarterly basis 

not only the numbers of patients treated but also, with a delay of 12-15 months, the final 

treatment outcome for each of these patients (WHO 2009). The similar approach could be 

adopted in VL for knowing final outcomes of all the VL patients on a quarterly basis with a 

delay of 6-9 months.  

An option that should be further explored in obtaining the final treatment outcome 

is to involve the available network of village health workers. In Indian context ASHAs, under 

National Rural Health Mission (NRHM), could be considered for this. They are available in 

each and every village and have regular meetings at the CHCs with doctors. ASHAs could 

also be considered for supervised treatment with miltefosine, similar to DOTs strategy in 
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tuberculosis control program. Therefore, they may be used both for compliance during the 

treatment and for reporting final treatment outcome after six months post treatment. Use 

of mobile phones could be a cost effective way of reporting. Nowadays mobile phones are 

present everywhere in India; from another study conducted by us in the same district we 

know that even among the poor rural population 35% of households own at least one 

mobile phone (unpublished data). Besides, patients, health care workers at CHCs and ASHAs 

should be motivated with training as well as performance based incentives for six months 

follow up or in-between, if there are any signs and symptoms of relapse. This model is 

depicted in figure 3.  

When deciding to involve ASHAs, it is necessary to consider her additional work load. 

With an annual incidence of VL of below 2.2/1000 (Mondal et. Al. 2009), the amount of 

extra work involved will probably be fairly limited though. A system based on the suggested 

formats is currently being piloted in three sentinel CHCs in Muzaffarpur, Bihar in the 

framework of the Kaladrug-R research project (Kaladrug 2010).  

Limitations 

Our assessment was limited to the public sector; many patients are treated in the 

private sector and were therefore not included in this study. Though, with increasing 

diagnostic and treatment facilities for VL management and provision for cash incentives at 

CHCs, more patients are being drawn to the public sector. However, even if the public sector 

does not treat all patients, it still needs to account for final treatment results of those it did 

treat.  

Conclusion 

The recording and reporting system on clinical outcomes of VL at CHCs and district 

level needs to be improved and must be a routine practice in disease control programs. 

Conducting periodical surveys is an approach that provides reliable results but is very costly 

and labor intensive. There is an urgent need to identify and assess alternative approaches. 

The proposed approach to comprehensively assess the final outcome needs to be evaluated 

for operational feasibility and cost-effectiveness.  
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 Figure 3: Model showing supervised treatment with miltefosine, recording/reporting and referral system involving ASHA as gross root workers 
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3.2 Register-based quarterly monitoring of treatment outcomes 

 

 

Retrospective Quarterly Cohort Monitoring for patients with Visceral 
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Abstract 

Objective: To evaluate a new tool for the monitoring of Visceral Leishmaniasis (VL) 

treatment outcomes in primary healthcare (PHC) settings, adapted from the standardised 

Retrospective Quarterly Cohort Monitoring done in tuberculosis control. 

Methods: We developed standard case definitions for early and late VL treatment 

outcomes, a single register allowing for one-line entry per patient as registration tool, and 

quarterly reporting formats for the clinical outcomes. We pilot-tested these tools in three 

Indian Primary Health Centres and two Nepalese district hospitals, as well as in a charity VL 

treatment centre and a university hospital. 

Results: Data collection for early treatment outcome was easily implemented but 

information on late treatment outcome was hard to obtain. Effectiveness of Miltefosine 

under routine care conditions was about 87% at end of treatment, and 76% at 6 months 

post-treatment related to the high number of patients lost to follow up at the latter end 

point.  

Conclusion: A retrospective cohort monitoring methodology is conceptually a good 

framework for monitoring clinical outcomes for chronic conditions as VL. The monitoring of 

early outcomes of VL treatment is perfectly feasible in Primary Care settings. The 

completeness of information on late outcomes can be improved by a number of strategies 

that remain to be field tested. Generally, clinical outcome monitoring should be 

strengthened in the VL control programmes. 

Keywords: Leishmaniasis, Visceral, treatment outcome, retrospective cohort monitoring, 

resistance, treatment failure, intention-to-treat analysis, Miltefosine, Amphotericin B, 

efficacy, Visceral Leishmaniasis elimination 

 

Introduction 

Visceral Leishmaniasis (VL) casts a heavy burden upon the Indian subcontinent (ISC), more 

specifically in the Gangetic plains of Bangladesh, India and Nepal. The annual VL incidence in 

this focus is estimated at 160 000 –315 000 cases, that is, 80% of the world’s VL burden 
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(Alvar et al. 2012). VL generally touches the poorest of the poor (Boelaert et al. 2009) and is 

fatal if left untreated. In the last decade, the development of a rapid diagnostic test (rK39) 

and new treatment options such as Miltefosine oral treatment have allowed diagnosis and 

treatment of VL to shift from specialised centres to the primary healthcare (PHC) level 

(Bhattacharya et al. 2006). An ambitious regional elimination programme was launched in 

2005 focusing on early diagnosis and Miltefosine-based treatment as one of its main control 

strategies (WHO 2005; Mondal et al. 2009). Very soon, concerns were raised that large-scale 

and unsupervised Miltefosine use might fuel drug resistance (Croft et al. 2006). 

Unfortunately, VL control programmes give little attention to monitoring of patient 

adherence and clinical outcomes (Hasker et al. 2010; Malaviya P. et al. 2011). Current VL 

registers capture treatment initiation, but treatment completion or final outcome is rarely 

recorded. Monitoring of clinical outcomes is crucial for the patient though, as Miltefosine 

treatment needs to be maintained for 28 days to be effective, and has considerable, mainly 

gastrointestinal side effects (vomiting, diarrhoea), jeopardising correct intake and 

adherence. Treatment generally results in rapid clinical improvement with resolution of 

fever and improvement of appetite after a few days, also contributing to the risk of poorer 

adherence. But as VL is a chronic condition, the verdict ‘cure’ can only be pronounced some 

months after treatment, currently empirically set at 6 months. Secondly, monitoring of 

clinical outcomes on any VL drug is also crucial at programme level. Tertiary-level hospitals 

and specialised centres have long been the only source of research data on VL treatment 

and treatment efficacy, with the inherent risk of bias in two ways: possibly better outcomes 

because of dedicated staff and resources on the one hand, but a selected population of 

referred or more severe cases on the other. Data on treatment outcomes at primary 

healthcare level are essential to appreciate the quality and effectiveness of the control 

programme and the efficacy of a non-supervised, ambulatory treatment such as Miltefosine. 

Such data, if reliable, would be instrumental in the formulation of drug policy for the VL 

elimination programme.  

Declining efficacy of a given treatment in VL is difficult to detect. Failure to treatment 

may appear through relapse after initial cure, rather than through immediate non-response 

to therapy during the drug course. Patients who relapse furthermore may not choose to 
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return to the health-care provider or site where they were initially treated so the problem 

may be missed by the prescribing doctor (Hasker et al. 2010). 

The gold standard for ascertaining cure in VL is a negative smear in direct microscopy on 

post-treatment bone marrow or spleen aspirate taken 6 months after last drug was taken, 

which is not feasible in the PHC setting. Diagnostic antibody tests such as DAT or rK39 RDT 

that have replaced direct microscopy as a diagnostic tool, remain positive for several years 

after treatment and thus cannot be used as a test of cure. Therefore, in practice, a patient is 

declared as definitively cured from VL when no clinical signs (fever or increase in spleen size 

since last visit) of VL have reappeared 6 months after completion of therapy (TDR 2010). In 

case of failure of treatment, presenting either as persistence of VL symptoms or return of 

symptoms of VL during or within 6 months after treatment, patients should thus be referred 

to a referral hospital for bone marrow of spleen aspiration and second- line treatment. 

In most efficacy studies, outcome at 6 months is taken as end point (Sundar et al. 2002), 

but a recent cohort study in Nepal (Rijal et al. 2013) and surveys in India (S. Bursa, MSF, 

personal communication) indicate that relapses in the period 6–12 months post-treatment 

may be as frequent as before 6 months. A 6-month end point might therefore overestimate 

the true efficacy of certain drug regimens (Rijal et al. 2013). 

In summary, the protracted nature of VL and the need for final outcome evaluation long 

after the end of the drug course pose a challenge to the primary health-care system, a 

situation very similar to other chronic infectious diseases as tuberculosis or HIV: In the 

directly observed treatment (DOTS) Strategy for control of tuberculosis, where treatment is 

given for 6 or 8 months, patients are registered systematically in a register that keeps track 

of periodic evaluations (sputum smears) and final treatment outcome in one single line. 

Treatment outcome is noted using well-defined, mutually exclusive categories (cure, 

treatment completed, treatment failure, death, default or transfer) (WHO 2001, 2006). 

Analysis of the treatment results is made through Retrospective Quarterly Cohort Analysis, 

calculating the proportions of the different treatment outcomes with as denominator the 

total number of patients reported for the quarter concerned one year earlier. In 

antiretroviral treatment (ART) care, there are three types of cohort analysis: (i) a quarterly 

analysis of new patients started on ART in the latest three-month period, (ii) a cumulative 

analysis of all patients ever started on ART and (iii) a group cohort treatment outcome 
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analysis related to set time periods (WHO 2001, 2003; Ormerod et al. 2002; Chemtob et al. 

2001; Veen et al. 1998). We thus adapted the retrospective cohort monitoring methodology 

to the specific case of VL treatment. The objective of this study was to field test this method 

in a few selected health facilities in VL endemic zones in India and Nepal. 

 

Methods  

Study setting 

Three PHCs in Muzaffarpur district, Bihar, India and two district hospitals in Nepal were 

purposefully selected. Clinics were chosen on the following criteria: case load of VL patients, 

distance from the research centre, and preparedness of the medical staff to participate. In 

India we selected the PHCs of Kanti, Kudhani and Motipur. In Nepal, where PHC centres are 

rarely staffed with medical doctors, the lowest level of health-care provision for VL is not 

the PHC centre but the district hospital. We selected the hospitals of two endemic districts, 

that is, the Jaleswor district hospital in Mahottari district and the Siraha district hospital 

located in Lahan. The method was also tested in the coordinating VL research centres in 

each country. The Kala-azar Medical Research Center (KAMRC) in Muzaffarpur, Bihar is a 

private, non-profit treatment and research centre working exclusively on VL. B.P.Koirala 

Institute of Health Sciences, Ghopa, Dharan, Nepal, is a university hospital with a tropical 

disease unit specialised in VL care.  

 

Inclusion criteria  

Patient enrolment period started on different dates in the course of 2009 and ran up to 

31st May 2011, with an additional 12 months for data collection on follow-up. All patients 

diagnosed with VL in the health structures during the above period were enrolled in the 

cohorts, regardless of age, address, way of diagnosis, past treatment for VL or not and 

treatment chosen.  

VL diagnosis and treatment are provided free of charge in all settings. To monitor for side 

effects, patients in the PHCs receive tablets for the first three days to take at home and are 

asked to report back, while in Nepal, they are usually hospitalised during the first day of 

treatment. When no adverse events are reported, the required number of tablets is given to 



130 
 

last up to the date of the next appointment, that is, 14 days after start of treatment. At that 

time, the remaining tablets are given to complete 28 days of therapy, and an appointment is 

made for a follow-up visit. This scenario was applied in all participating settings, except for 

KAMRC, where patients were hospitalised for the full duration of the treatment and 

received their tablets under DOT conditions. 

 

Ethical considerations  

Decision on diagnosis and treatment was entirely under the responsibility of the 

prescribing doctor of the health centre/hospital, and thus in line with the national 

guidelines, without interference from the investigators. No biological samples were taken 

from patients other than those prescribed for clinical reasons by the health staff. Only 

patients who gave informed consent were enrolled. The protocol of this study was approved 

by the ethical committees of Nepal Health Research Council, Kathmandu, Nepal, Banaras 

Hindu University India, and the corresponding bodies at the University Antwerp (UZA), 

Antwerp, Belgium. 

 

Monitoring toolkit   

The two data collection tools used in the novel monitoring system were a patient register 

and specific reporting forms. The register (Figure 1) is a line listing of each new patient. All 

basic data for identification and for epidemiological purposes (name, ID, age, sex, address, 

contact (mobile phone number) are recorded and so are data on diagnosis and treatment 

history, and current treatment choice (drug, dosage). In the next columns, treatment 

outcomes are recorded at two or three different moments in the followup, that is, at the 

end of the treatment, at six (and eventually at twelve) months. Registered treatment 

outcomes had to comply with the standardised case definitions for VL (TDR 2010) that also 

features on the lower part of the page.  

The second tool is the reporting form (Figure 2) that summarises the outcomes collected 

over the past quarter, that is, (i) the end-of-treatment (EoT) outcomes of the most recently 

completed quarter and (ii) the 6M posttreatment outcomes of the cohort that was closed 7 

months earlier. These outcomes were calculated from the register at the earliest one month 

after the last day of the quarter in question, that is, when all patients started on treatment 
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had completed their 28-day treatment regimen, EoT visits had taken place and outcomes 

had been recorded. At the same time, late (6M) treatment outcomes could be calculated 

from the line listing of the cohort that was closed 7 months earlier provided that these 

patients have presented themselves for their 6 month post-treatment follow-up visit. If they 

have not, they must be traced by telephone contact or home visit. If 12 months post-

treatment outcomes are collected, a similar report can be drawn. 

 

Training   

We organised training workshops for the PHC staff and other stakeholders at the start of 

the project, halfway and at the end. Supervision and discussion with participating and 

supervising staff enabled us to improve the tools, identify the obstacles, and give feedback 

to the users. In February 2012, the results were presented in a validation workshop in 

Faridabad, India to stakeholders: representatives from the Ministries of Health of India and 

Nepal, WHO and NGO’s, and scientists. After this workshop, the tools were finalised into 

generic forms (Figures 1 and 2a & 2b) that are freely accessible on the website 

www.leishrisk.net/kaladrug. 

 

Data Analysis  

We computed and plotted treatment outcomes on a quarterly basis. Secondly, we 

calculated the EoT and 6M post-treatment (6MpT) cure rates in the different settings to 

appreciate the effectiveness of Miltefosine (and other drugs) used under routine care 

conditions, and this in a cumulative cohort that was censored on 31st May 2011 to allow us 

to collect 6M post-treatment outcomes. 

Case definitions were taken from recent WHO/TDR guidelines and presented in Table 1. The 

final cure rate was calculated as the number of patients that were assessed as cured (no VL 

symptoms) at 6M divided by the total number that started treatment. For treatment failure 

rate, we divided the number of non-responders + number of relapses + number of deaths, 

and divided by the number that was started on treatment. 

 

 

 

http://www.leishrisk/
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Figure 1: VL Register Book 
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Figure 2a: Early Outcome 

 

QUARTERLY REPORT ON VL TREATMENT OUTCOME 

Name of Institution:  
 

Name of (District) VL coordinator: 

Date of completion of this form:   
District n°: 

 

Signature: 

EARLY OUTCOME Patients registered during 

__ quarter of year  ____ 

  From (date)  

  To  

1. NEW CASES  

    (1st time treated) 

Total 
number 

registered 
Initial Cure 

Non-response 
(early treatment 

failure) 
Defaulter 

Treatment 
stopped for 

SAE 

Others     (e.g. 
Transfer out) 

Death 

New KA Cases 

MIL        

Ampho B        

SAG        

Total        

2. OTHER CASES  

    (history of recent ttm) 

Total 
number 

registered 

Initial Cure Non-response 
(early treatment failure) Defaulter 

Treatment 
stopped for 

SAE 
Others Death 

Re-Treatment after 

Failure, Default, SAE or 

Relapse 

MIL        

Ampho B        

…        
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QUARTERLY REPORT ON VL TREATMENT OUTCOME 

Name of Institution:  Name of (District) VL coordinator: 

Date of completion of this form:   
District n°: Signature: 

FINAL OUTCOME Patients registered during 

___ quarter of year  _____ 

From   

To  

 

(in dark gray: same numbers as reported on the early treatment outcome report of this cohort) 

1. NEW CASES  

    (1st time treated) 

Total 

number 

registered 

Final Cure 
Non-

response 
Defaul- ter 

Treatment 
stopped for 

SAE 
Others Death Relapse 

Lost to 
Follow-up 

New KA Cases 

MIL          

Ampho B          

SAG          

Total          

2. OTHER CASES  

   (history of recent ttm)     

Total 

number 
registered 

Final Cure 
Non-

response 
Defaul- ter 

Treatment 
stopped for 

SAE 
Others Death Relapse 

Lost to 
Follow-up 

Retreatment 
after Failure, 

default, SAE, 

Relapse 

MIL          

Ampho B          

…          

Figure 2b: Final Outcome 
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Table 1: Case definitions for the outcome recording of VL patients   

Early treatment outcomes  

Initial cure:  Treatment completed, clinical improvement (absence of fever, 

regression of enlarged spleen + return of appetite and/or gain in  

body weight)  

Non-response:  Signs and symptoms of VL persist or recur + confirmation by a 

positive  

Defaulter:  VL case who did not complete the 28-day treatment regimen of 

Miltefosine and/or did not present for assessment after treatment 

in the facility where they were enrolled 

Side effects-related  

switch  

Side effects requiring Miltefosine stop and change of treatment  

Death  Any death, whether or not related to KA  

Late treatment outcomes  

Definite cure:  VL case with initial cure and no clinical signs (fever, or increase in 

spleen size since last visit), six months after completion of therapy 

Relapse:  VL case with initial cure but with reappearance of clinical 

symptoms and/or signs along with smear positive for LD bodies 

during the six-month follow-up  

Lost to  

follow-up:  

VL patient who completed therapy but who did not present/could 

not be traced for assessment at six months post-treatment  

Death  Any death, whether or not related to KA  

 

Note: Treatment failure: includes both non-response and relapse. Adapted from TDR/WHO. 

Indicators for monitoring and evaluation of the kala-azar elimination programme 2010. 

 

Results    

The total number of patients treated in the three PHCs in India was 310; in the two district 

hospitals in Nepal 289, and at BPKIHS in Nepal 232. For KAMRC in Muzaffarpur, we only 

report on the outcomes of the 566 patients treated on Miltefosine only. Treatments 
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provided at the PHCs in India were either Miltefosine (68.7%) or Sodium Stibo-Gluconate 

(SSG, 31.3%), the latter despite the fact that it had officially been abandoned for its known 

lack of efficacy. In the two Nepalese district hospitals, the treatment of choice was 

Miltefosine (69.2%) with Amphotericin B as alternative in case of contraindication or Serious 

Adverse Events (30.8%). At BPKIHS, 58.6% received Miltefosine, 39.6% Amphotericin B and 

1.7% liposomal amphotericin B (four patients).  

Overall, early and late (6M) treatment outcomes in the different clinical settings and with 

the different drugs prescribed, on a cumulative cohort up to May 2011, are given in Table 2 

and 3: Treatment completion rate (which corresponds with early cure rates because we 

define cure as treatment completion with clinical improvement) with Miltefosine in the two 

district hospitals in Nepal was 87.0%, and in the three PHCs in India 84.0%. Defaulter rates 

for Miltefosine-treated patients were 2.5% in Nepal and 14% in India. In Nepal, three 

patients were switched to second-line treatment because of non-response to Miltefosine 

treatment on clinical grounds. No aspiration and Giemsa staining was performed to formally 

confirm this as treatment failures.  

For the late treatment outcomes, routine data collection could not be installed as 

planned as hardly any patient returned for the follow-up visit at six months post-treatment. 

Active tracing through telephone contacts and home visits was organised by the research 

teams, with good results in India. In Nepal, however, this was particularly time intensive 

because of the large distance between the team’s headquarter and the two hospitals. 

Moreover, in the border district Mahottari, more than 50% of the VL patients were Indian 

citizens seeking treatment across the border, whereby often only a temporary address in 

Nepal was recorded in the register, resulting in high loss-to-follow-up rates. The final cure 

rate obtained despite active tracing therefore was 38.0% for patients treated with 

Miltefosine, against 76.1% in India. Treatment failure rates were 1.5% and 5.6%, 

respectively.  

In contrast, the RQCM approach yielded more complete information in the research 

centres BPKIHS for Nepal and KAMRC for Bihar. End-of-treatment cure rates with 

Miltefosine in BPKIHS were 90.4% and 98.1% under DOT in KAMRC; defaulter rates were 

resp. 7.4% and 0.7%. Late treatment outcomes here were much more complete with 

minimal loss-to-follow-up rates, and showed 77.9% cure and 8.8% relapse in BPKIHS Dharan 
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and 90.6% cure and 6.7% relapse at KAMRC Muzaffarpur (Sundar et al. 2012). In Figure 3, 

we plotted out the quarterly outcomes by cohort in Miltefosine-treated patients from 

BPKIHS, where systematic follow-up was done up to 12 months post-treatment, showing 

trends in cure rates over time, and revealing an increase in the relapse rate from 8.8% at 6M 

to 16.2% at 12 months.  
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Discussion 

The main objective of this study was to develop and optimise new tools for monitoring VL 

treatment outcomes and test them in the primary healthcare setting. Retrospective cohort 

monitoring is considered a good tool for monitoring care outcomes in long treatments and 

chronic diseases within the health system (Khader et al. 2012a,b; UNRWA 2009). As the data 

are collected by the providers and can be analysed at an intermediate (district) level, 

immediate feedback to providers and remedial action is possible, for example, in case of a 

high defaulter rate. A potential benefit of the monitoring is that it stimulates the PHC staff 

to improve counselling on follow-up visits– and consequently on treatment adherence, as 

shown in TB and HIV/AIDS programmes (Lowrance et al. 2007; Volmink & Garner 2007).  

With the proposed tools initial and final cure rates, defaulter rates and failure rates, as 

done in TB programmes, can be calculated. Their implementation, however, requires 

commitment and strategies to systematically monitor and register early and late treatment 

outcomes of all patients diagnosed and treated.  

By piloting this method in the different settings and comparing outcome indicators, we 

were also able to make a series of observations: The data obtained in our study provided a 

snapshot picture of the status of implementation of the current treatment guidelines with 

Miltefosine as first-line drug regimen. In routine practice, the proportion of patients 

receiving recommended firstline treatment was around 60–70% in Nepal, related to the 

absence of paediatric formulae and availability of Amphotericin B. In Indian PHCs, the 

proportion fluctuated in relation to supply, with periods of SSG being used. 

PHCs in India have only access to first-line treatment and therefore have a high referral 

rate, in contrast to the District hospitals in Nepal with access to second line and more lab 

facilities. Non-response and treatment switch for serious adverse events are rarely 

reported, because these patients are referred to second line, so they end up classified as 

referral, or they simply default and seek treatment elsewhere.  

The cure rates of Miltefosine obtained in this piloting study give a first evaluation of the 

effectiveness of the current first-line policy with unsupervised ambulatory treatment (as 

applied in the three PHCs in India, and the two district hospitals as well as the reference 

hospital in Nepal): Early treatment outcomes show treatment completion rates from 84,0–

90, 4% and call for efforts to reduce defaulter rates. The late (6 months) treatment 



140 
 

outcomes that were complete for the PHCs in India and BPKIHS in Nepal were 76.1% and 

76.5%, respectively, which is worryingly low, especially given the data from BPKIHS, 

indicating a considerable number of relapses beyond six months (Figure 3).  

 

 

 Figure 3: Quarterly cohort outcomes of Miltefosine-treated VL patients at end of treatment, 

at six months and at twelve months after treatment in BPKIHS, Dharan, 2009–2011. 

 

Given the relatively small number of patients, there will be a large variation in, for example, 

cure rates from one quarter to another in a given PHC, but calculating the outcomes on a 

quarterly basis forces to reflect on performance and leads to initiatives for improvement 

(Maher 2012).  

The majority of patients adhered to the treatment follow-up including the EoT 

evaluation, probably encouraged by the financial incentive provided by the VL programme. 

The return visit scheduled at six months post-treatment was not respected, and treatment 

outcomes presented here were obtained through active tracing of the project staff and not 
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by the clinic staff. Tracing patients who default during treatment or for the follow-up visits 

should be the role of the District Health Office (DHO) through the existing network of village 

health volunteers such as Accredited Social Health Activists (ASHAs) and Auxiliary 

Nurses/Midwives (ANMs), and the use of mobile phones to transfer the missing data on 

outcome (Malaviya P. et al. 2013). Involvement of community health workers in VL control 

activities has been advocated by others (Joshi et al. 2006; Malaviya P. et al. 2011; Singh et 

al. 2011; Malaviya P. et al. 2013), as they can help to identify suspected VL cases at 

community level, and refer or eventually even use a rapid diagnostic test for screening on 

the spot when adequately trained.  

An alternative to routine collection of treatment outcomes at the primary healthcare 

level would be through spaced surveys. Hasker et al. (2010) performed such a survey, by 

tracing formerly treated patients and questioning them on clinical events since treatment. 

They found that 40% of SSG-treated patients and 15% of miltefosinetreated patients had 

taken a second VL treatment since. Compared to retrospective cohort monitoring, the 

survey method may have the advantage of being independent and punctual but it was 

costly, and may be biased by a high number of patients that cannot be retrieved if addresses 

are not recorded in detail (Malaviya P. et al. 2011).  

 

Implications for public health and research 

Based on a standard methodology applied in TB programs, we propose a treatment 

outcome monitoring tool for VL that can be routinely used at primary healthcare level. All 

the tools (register, report forms, manuals) can be downloaded from the website 

www.leishrisk. net/kaladrug. To implement the system requires (i) minimal training on 

treatment outcome definitions for PHC staff and (ii) a dedicated team at the district health 

office to organise the collection of late treatment outcomes with possibly the involvement 

of community health workers. District health office staff acquainted with the tuberculosis 

programme should have no problem in applying the same RQCM methodology on VL. The 

tools can be used by any VL treatment programme in the world, regardless of the treatment 

protocol(s) used. It should help in comparing the effectiveness in real-life conditions of 

different treatment options, as well as monitoring the effectiveness of current treatment 

strategies over time in the light of possible emergence of resistance. 
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3.3 A health research information platform  

 

Health & Demographic Surveillance System Profile:  

The Muzaffarpur-TMRC Health and Demographic Surveillance System 

 

 

Paritosh Malaviya, Albert Picado, Epco Hasker, Bart Ostyn, Sangeeta Kansal, Rudra Pratap 

Singh, Ravi Shankar, Marleen Boelaert, Shyam Sundar. International Journal of 

Epidemiology, 2014, 1–8. doi: 10.1093/ije/dyu178 
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Summary 

The Muzaffarpur-TMRC Health and Demographic Surveillance System (HDSS), established in 

2007, was developed as an enlargement of the scope of a research collaboration on 

“Visceral Leishmaniasis in Bihar” which had been on-going since 2005. The HDSS is located 

in a visceral leishmaniasis (VL) endemic area in the Muzaffarpur district of Bihar state in 

India. It is the only HDSS conducting research on VL which is a vector-borne infectious 

disease transmitted by female phlebotomine sand flies and is fatal if left untreated. 

Currently the HDSS serves a population of over 105 000 in 66 villages. The HDSS collects 

data on vital events including pregnancies, births, deaths, migration, marriages as well as 

other socio-economic indicators at regular intervals. Incident VL cases are identified. The 

HDSS team is experienced in conducting both qualitative and quantitative studies, sample 

collection and performing rapid diagnostic tests in the field. In each village, volunteers 

connect the HDSS team with the community members. The Muzaffarpur‐TMRC HDSS 

provides opportunities for studies on VL and other Neglected Tropical Diseases (NTDs) and 

their interaction with demographic events such as migration. Queries related to research 

collaborations and data sharing can be sent to Dr. Shyam Sundar at 

drshyamsundar@hotmail.com. 

Keywords: HDSS, visceral leishmaniasis, surveillance, field research, research collaboration, 

Tropical Medicine Research Center (TMRC)   

Key messages 

 We have a comprehensive dataset of patients of visceral leishmaniasis and their 

clinical characteristics (including laboratory data) since 2002. 

 Poor quality houses (damp floors and walls with cracks and crevices) and poor 

socio-economic conditions lead to higher indoor sand fly density (vector) and a 

higher visceral leishmaniasis case load. 

 Asymptomatic serologically positive individuals are at higher risk of subsequent 

clinical manifestations of visceral leishmaniasis. 

 Village volunteers have encouraged greater participation of the community in the 

HDSS process through their familial and friendly ties with the community. 

 

mailto:drshyamsundar@hotmail.com
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Why was the health and demographic surveillance system set up? 

The Muzaffarpur-TMRC Health and Demographic Surveillance System (Muzaffarpur-TMRC 

HDSS) has been built on the work conducted by research projects on visceral leishmaniasis 

(VL) in Muzaffarpur district, Bihar (India) since 2005. Visceral Leishmaniasis (VL) - commonly 

known as kala-azar - is a vector borne infectious disease transmitted by female 

phlebotomine sand flies and the disease is fatal if left untreated1. Common symptoms of VL 

are prolonged fever of more than two weeks with enlarged spleen and non-response to 

anti-malaria drugs. Relapse or recurrence is common in treated cases even after months. 

The estimated worldwide annual incidence of VL is 200 000 – 400 000 cases, two thirds of 

which occur in the Indian subcontinent2. VL is known as the disease of the poorest of the 

poor3. Bihar state of India appears at the bottom of the socio-economic rankings in India 

and it is one of the regions in the world with the highest VL case load. Bihar contributes to 

more than 90% of the national cases and 50% of the VL case load in the Indian 

subcontinent4. The government of India has set the elimination target to reduce the annual 

VL incidence rates to less than one new case per 10 000 population by the year 2015. 

The Muzaffarpur-TMRC HDSS was formally set up in 2007 in the framework of the project 

“Visceral Leishmaniasis in Bihar”, funded by the National Institute of Health (NIH), USA 

under its Tropical Medicine Research Centers (TMRC) grants. This project aimed at studying 

epidemiological, immunological and genetic determinants of visceral leishmaniasis in 

endemic areas. As part of the project we brought the populations living in 50 villages of 

Muzaffarpur district under the framework of the HDSS and monitored them from 2008 to 

2012. This area covering 85 000 people was expanded later in 2012 to include 20 000 more 

people living in 16 additional villages which are now part of the Muzaffarpur-TMRC HDSS as 

well. The objective of creating this HDSS is to develop an efficient platform for research on 

control of VL as well as other NTDs and health relevant issues in rural Bihar.  

The Muzaffarpur-TMRC HDSS is the first demographic platform in a VL endemic area and it is 

the only HDSS conducting research on VL. The main project in this HDSS, funded by NIH, 

aims at understanding the epidemiology and immune-pathogenesis of VL as the basis to 

development of improved control strategies through vector control, immunotherapeutic 

intervention and vaccines. This project studies factors that influence the prevalence, 
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distribution and pathogenesis of VL: (i) determinants of disease progression and role of 

latent infection in transmission; (ii) studies of the sand fly vector; (iii) immune regulation in 

VL; and (iv) molecular and cellular action of Human Leukocyte Antigen (HLA) class II 

molecules, the major genetic risk factors for VL. In the HDSS we also record data on other 

neglected diseases prevalent in rural Bihar (e.g. lymphatic filariasis, helminthic infections) 

and evaluate their association with VL.  

Where is the HHDSS area? 

The HDSS is located in Muzaffarpur district in Bihar (26.07oN 85.45oE, area 3175 square km). 

Average temperatures vary from 32oC in April–May to 14oC in December–January. Rainfall is 

also variable with a rainy season from June to September. People are mainly engaged in 

agricultural and related activities. Rice, wheat and litchis are the main crops. Muzaffarpur is 

endemic for VL and it has observed three major epidemics in 1978, 1992 and 20075. 

Between 1990 and 2008 over 70 000 cases have been reported by the routine surveillance 

system of the district health services6. In 2013 the annual VL incidence rate in the 

Muzaffarpur-TMRC HDSS area has been 4.3 per 10 000 individuals which is above the 

elimination target set by the Indian government. 

Two yearly peaks of VL are observed in the months of April and July (figure 1). These peaks 

are evident when we plot monthly reported cases from 2000 to 2008 along with the cases 

from 2000–04 (lower annual average) and 2005–08 (higher annual average). The majority of 

the people live in houses made of thatched and/or mud-plastered walls and earthen floors. 

Living together with animals in mixed dwellings is common (figure 2). Together with the 

generally poor housing conditions, lack of sanitation, humid soils littered with organic waste 

and piles of animal dung, these mixed dwellings provide a perfect habitat for the vector of 

VL: Phlebotomus argentipes sand flies. The vector control program relies on indoor residual 

spraying (IRS) with DDT. Our data shows that the IRS coverage (i.e. number of houses 

sprayed over the total number of houses) in the Muzaffarpur-TMRC HDSS area has 

increased from 17% in 2008 to 80% in 2012 (Table 1). 

The Muzaffarpur district has 16 blocks (i.e. an administrative sub-division) with an average 

of 300 000 inhabitants per block and surface areas ranging from 139 square km (Musahari) 



149 
 

to 282 square km (Paroo). There are 14 Community Health Centres (CHC) – one per block, 

plus one district hospital and one medical college - reporting epidemiological surveillance 

data on several diseases to the district health office in Muzaffarpur town (figure 3). 

The Muzaffarpur-TMRC HDSS area is located 20 km from the district headquarters. It covers 

66 villages out of which 50 villages are located in a geographically contiguous area of 68 

square km in Kanti and Marwan blocks of Muzaffarpur (figure 3). The perimeter of these 50 

villages is 55 km. The remaining 16 villages are located in seven other blocks. In total the 

HDSS covers a population of about 105 000 (52% male and 48% female). The HDSS 

population has easy access to a 30-bed hospital located in the Muzaffarpur city. The hospital 

is a centre of excellence in VL research and treatment. Free diagnosis and treatment are 

available to all VL patients. Staffing consists of three physicians and about 40 paramedical 

personnel.  

Table 1: Demographic characteristics of 50 original villages of Muzaffarpur-TMRC HDSS, 

Bihar, India: on the year 2008 and 2012 

Index Results 2008 2012 

Participants  81 875 94 684 

Residents  68 574 72 653 

Households  13 397 14 444 

Population density 1360/km2 1392/km2 

Population growth yearly - 3.13% 

Female/Male ratio  936/1000 956/1000 

General Dependency Ratio (GDR)a 81 72 

Crude birth rate/1000  36.7 21.1 

Mobile coverage - 75% 

IRS Coverage b 17% 80% 

Net migration - -189/1000 

Literacy rate 61% 64% 

Male literacy rate  - 68.28% 

Female literacy rate - 57.10% 

aGeneral Dependency Ratio (GDR) = (number of people aged 0–14 and those aged 65 and over) / 

number of people aged 15–64) x100;  bIRS: Indoor Residual Spraying 
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Who is covered by the HDSS and how often have they been followed up? 

We conducted house-to-house surveys every year since 2008 and covered all the residents 

in each household. All communities in the HDSS are located in a rural area. Household is the 

lowest unit of survey. A household consists of all family members living in the same 

compound and sharing the same kitchen. A resident is an individual who lives, eats and 

sleeps in the house for at least six months in a year. The average family size is 6 and 

normally the oldest member of the household is regarded as the head of the household. At 

the start in 2008, we screened a population of 73 000 individuals living in 13 674 households 

of 50 villages. These numbers were increased to 105 000 individuals of 16 284 households 

from 66 villages in 2012. In this HDSS only 8.4% of the total households are headed by 

women. Thirteen per cent of the families are joint family i.e. family with grandparents, 

parents and children. The whole population consists of 70.3% Hindus and 29.7% Muslims. Indian 

communities are caste based and our HDSS population consists of upper castes (26.8%), backward 

classes (56.8%) and scheduled castes (16.4%).  

 

Figure 1: Annual VL peaks based on the data between 2000 and 2008 
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Figure 2: Living together with animals: mixed dwelling house 

 

 

The population pyramid based on the data collected in the 2012 survey shows that the HDSS 

population matches the demographic profile of low and middle income countries. The wide 

base indicates high birth rates; yearly population growth is more than 3% (Table 1). Under 

five year old children make up 18% and only 7% people are above 60 years of age. The 

mortality is high in the 0-4 age group; male mortality is higher than female mortality in the 

60+ age group (Figure 4). The infant sex ratio is 0.899, i.e. 899 female children per 1000 

male children; the overall sex ratio is 0.956. The data available do not allow us to identify 

the reason behind the higher proportion of boys among infants. The fact that the ratio is 

closer to one when considering the total population can be attributed to higher life 

expectancy among women and higher out-migration rates among the male population 

(overall 231 per 1000 for men versus 145 for women). Out-migration is mainly for job and 

business and also for higher education. The overall literacy rate is 64%, 68% for men versus 

57% for women. 
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Figure 3: Map of Muzaffarpur TMRC HDSS 

  

 

We conduct update rounds every 2 months according to the WHO and INDEPTH guidelines. 

During those update rounds, we visit every single household and register demographic 

events such as births, deaths, marriages, immigration, emigration, pregnancies, miscarriages 

and stillbirths. Field workers supported by a large network of key community informants 

(i.e. local leaders, health workers, village volunteers) record these vital events in the study 

area and maintain a pregnancy register. Similarly our field supervisors visit the community 

health centres regularly to collect more information (i.e. deliveries during the last 24 hours). 

Field workers and supervisors collect all data onto pre-coded questionnaires. 
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Figure 4: Population Pyramid Muzaffarpur-TMRC India HDSS (Year 2012). Figures given next 

to the bars are age specific per cent distribution of total deaths in 2012. 

 

 

In our annual survey we record/update socio-economic variables in every household 

including the materials used to build the house, the number of constructions within the 

compound, number and types of animals and assets owned, the existence of a latrine and 

availability of electricity, clean drinking water and garbage disposal facilities. Finally, we also 

record the level of education of all residents and mobile numbers. About 75% of households 

have at least one mobile phone. 
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What has been measured and how have the HDSS databases been 

constructed 

Informed consent and Census 

We invited the community leaders and all the head of households to participate. We 

discussed with them the objectives of establishing a HDSS and its benefits to the 

community. We explained the activities, procedures, services to be provided and how could 

they support us. After their written informed consent the initial household census was 

conducted between July-December 2008. Census and basic socio-economic indicators of the 

population were repeated in 2009, 2010, 2011, 2012 and 2013. With the consent of 

community leaders we recruited at least one village volunteer in each village. Now 75 such 

volunteers are working as informants for four vital events; birth, death, marriage-in and 

marriage-out (Figure 5).  

GIS Mapping and Meteorological Data 

We mapped the HDSS area (i.e. area boundaries and GPS-coordinates of households) just 

after the baseline survey. We regularly update the map as soon as a new household enters 

into our database. All the important landmarks such as schools, hospitals, water-bodies, 

roads etc. have also been mapped. Data of rainfall, temperature and humidity are collected 

on routine basis using a meteorological station. Site-specific meteorological data 

(temperature and humidity) are also collected at the household level for specific study 

purposes. 

Verbal autopsies 

We investigate the possible causes of deaths with the use of a verbal autopsy technique. 

Specially trained field supervisors carry out the verbal autopsies with a standard form. 
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Figure 5: Data collection rounds in Muzaffarpur TMRC HDSS 

 

 

 

Serological Surveys 

In 2009 we conducted the first serological survey to detect Leishmania donovani antibodies 

among 13000 individuals of 11 most endemic villages in HDSS area. In this survey we 

collected blood samples using filter papers and tested for VL infection using two serological 

markers of infection: Direct Agglutination Test (DAT) and rk39 ELISA. In 2010 we repeated 

the same procedure once again. Individuals positive for either of the tests in the second 

round, who were negative for both of the tests in the baseline serosurvey, were considered 

seroconvertors. These seroconvertors were visited again within three weeks to take extra 

blood samples. To determine the best serological marker (DAT, rk39, Quantiferon or qPCR) 

2007 

•Establishment of HDSS,  

•Consents from community leaders 

•Household listing and consent 

2008 

•Baseline demographic survey: 50 villages; populations 73028  

•House to house screening for VL cases since March 2007 in HDSS area 

•GPS mapping of all HHs and important landmarks 

2009 

•Matched case control study to assess the socio-economic conditions as risk factors for VL 

•Entomological surveys (rainy and winter) 

•Second Demographic survey: populations 81875 

•First round of sero-survey in 11 highly endemic HDSS villages: blood collected on filter papers 

2010 

•Study on management of VL in Primary health centers in Muzaffarpur, Bihar. 

•Third Demographic survey: populations 85348 

•Entomological surveys (summer, rainy and winter) 

•Second round of sero-survey: blood on filter papers  

•Identifying seroconvertors: 5ml blood and DNA collection 

2011 

•Entomological surveys (summer) 

•Fourth Demographic survey: populations 88938 

•First yearly follow up of seroconverotrs 

•First round on serosurvey in 16 new villages out of HDSS area 

2012 

•Expansion of HDSS: Inclusion of 16 new villages 

•Fifth Demographic survey: villages 66, populations 101980 

•Second yearly follow up of seroconverotrs 

•Second round of serosurvey in 16 new villages 

2013 

•Sixth Demographic survey: populations 105874 

•Third yearly follow up of seroconverotrs from old villages and first from new villages 

•Monthly followup for new VL incidence  
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we collected 5ml of blood from each of them. We also collected DNA samples for genetic 

studies. We also conducted the entire procedure in 16 newly added villages in 2011 and 

2012. We are currently following up these seroconvertors every month for at least two 

years after the second survey. We record clinical progressors, verify them and provide 

treatment through our HDSS hospital. 

Data management  

Paper based questionnaires are still used for all information collected. Each paper form 

receives a serial number. Once the questionnaires are entered into the electronic database 

they are stored based on the type of demographic event, ordered by serial number. We 

have adopted the double entry procedures for quality control. The researchers carry out 

weekly checks for incompleteness of information and inconsistencies. All data management 

procedures and databases are designed and pre-tested by the programmer in coordination 

with data manager. The consistency, confidentiality and quality of data are ensured by 

applying the standard data management processes.  

Key findings and publications 

We have been primarily conducting studies on visceral leishmaniasis. We showed that 

people living in poor housing conditions (e.g. thatched houses with earthen floor) and those 

belonging to lower socio-economic strata are at higher risk of acquiring the disease. We 

found no associations between VL and owning (OR 0.97; 95% CI 0.62–1.51) or keeping 

bovines inside the house (OR 0.88; 95% CI 0.37–2.08)7. We also observed that people from 

Mushahar caste are at higher risk of acquiring VL than other castes (OR 2.9, 95% CI 1.3–

6.8)8. This could be because Mushahars are among the poorest of the poor and take more 

time to seek and obtain appropriate health care9. 

April/May (summer), July/August (rainy season) and October/November (start of winter) 

have been identified as three peak sand fly density periods10. In each of these seasons, we 

conducted 2 entomological surveys for two successive years between 2009 and 2011. In 500 

households spread out over 50 villages we installed CDC light traps to collect sand flies. We 

also collected information regarding housing conditions and conditions of the immediate 

surroundings. That included information about main materials used in floor, walls and roof 
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of the room in the house where the light trap was installed, dampness of the floor, 

penetration of daylight, presence of windows and cross-ventilation, presence of cooking 

stoves and animals inside the house. Our data shows that better housing conditions are 

associated with lower sand fly densities, independent of other socio-economic conditions 

(Table 2). We also questioned the role of other extra- domiciliary factors at play as the sand 

flies were most abundant in outdoor locations. Currently we are running a project to study 

the outdoor sand fly abundance and their breeding and biting behaviour. 

Table 2: Type of housing and socio-economic status associated with sand fly indoor density 

 

 

 

 

 

 

 

 

 

 

 

In our serological surveys we were able to show that there is a strongly increased risk of 

progressing to disease among sero-positives with high antibody titers11. Agreement 

between two markers of infection, DAT and rk39 ELISA was weak (kappa = 0.30) and these 

serological markers revert to negative, although infection is assumed to be permanent12. 

Most clinical VL cases occur at younger ages, yet we observed a steady increase with age in 

the frequency of sero-positivity and seroconversion. These findings are important as these 

 No. of HHs Median of total numbers 

of  sand flies captured per 

HHs 

Factor   

Socio economic status   

- Group 1 (poorest) 101 35 
- Group 2 70 37.5 
- Group 3 98 24 
- Group 4 96 25 
- Group 5 (wealthiest) 117 17 

   

Type of housing   
- Thatched 161 41 
- Brick, un-plastered 150 22 
- Brick, plastered   

                    Earth floor 113 18 
                    Cemented floor 76 17 
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asymptomatically infected individuals could be infectious to the sand flies, a hypothesis still 

to be elucidated. 

We also have been conducting studies on operational issues related to the management of 

VL in the district. In 2008 we found critical flaws in VL case management in the primary 

health care services in Bihar. We found that patients typically showed long delays in seeking 

health care. Moreover, 40% of patients were treated with antimonial drugs despite their 

higher resistance profile, and this instead of Miltefosine which is the recommended drug of 

choice. Treatment failure rates with antimonial drugs were also high13. We recommended 

more active case detection strategies and involvement of village health worker networks in 

the VL elimination program. We conducted a survey to assess treatment outcomes and 

concluded that a health service-based reporting system can be a cost effective and feasible 

alternative14. During the interviews with our study team the village-level health workers 

expressed their willingness to be involved in the VL elimination program and they were 

ready to pay regular visits to VL patients at their door step15. In the Kanti block CHC where 

our HDSS is located, we installed and implemented a new tool to record diagnosis and 

treatment of all VL patients and to monitor their treatment outcome on a long-term basis 

(early and late treatment outcome monitoring)16. The district program now uses a slightly 

adapted version of this tool.  

Currently the TMRC project conducts studies on genetic factors related with VL and on the 

co-infection of lymphatic filariasis and geo-helminths with VL. Under the same framework, 

we will conduct qualitative research to assess the acceptability and perceived effectiveness 

of the IRS program. Other studies include exposure to sand flies, using sand fly saliva 

antibody testing, and entomology studies for vector behaviour, breeding sites and patterns. 

 

Strengths and weaknesses 

We have a comprehensive dataset of VL patients along with their clinical characteristics and 

laboratory data on different points of time during and post treatment. These patients were 

treated in our hospital as participants of various studies conducted by the centre over the 

years or as general VL patients. Our oldest dataset goes back to year 2002. We have 
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annually collected longitudinal data on individual and household level since 2008. During 

these years, we have been able to build a team experienced in data collection through 

interview and observations, sample collection (e.g. blood, DNA) and performing rapid 

diagnostic tests in the field. Many of our staffs are trained in qualitative data collection (e.g. 

focus group discussions).  

We also have a good network of village volunteers. Village volunteers are permanent 

residents of the villages and create a link between HDSS team and the community. Through 

their support, we have been able to build a good rapport with the community. This is 

reflected in a generally very high response rate which has been over 95% in different 

surveys. We have geo-referenced all the households in the HDSS allowing a rapid and easy 

locating of individuals when required (e.g. VL cases). We have full capacity of data 

management and data analysis at the site.  

On the other side we still use paper format to collect data but we never compromise with 

the quality of our data. Electronic capturing of data (e.g. smartphones) would simplify the 

data collection activities, so we are planning to implement those new technologies in the 

future. Verbal autopsies are done systematically after the yearly household census. Ideally 

this should be done within 90 days of the death. 

Data sharing and collaboration 

Being an associate member of the INDEPTH network, we are committed to share our data 

and findings with collaborators. Currently the data is provided in MS Excel files or in MS 

Access tables upon a specific request. Our HDSS is a study platform which is open to all and 

interested collaborators and researchers may contact the authors for conducting their 

studies. Requests may be sent to Dr. Shyam Sundar at drshyamsundar@hotmail.com. 
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CHAPTER V. Discussion 

 

In this thesis we studied different dimensions of the VL elimination effort in India, through a 

number of epidemiological studies conducted in Muzaffarpur district, one of the highly 

endemic districts in Bihar, India. We studied VL incidence and its determinants at district 

level. We assessed the household level determinants of vector density. We also investigated 

how the health system deals with the disease and how this could be improved.  

In summary, we exploited available routine surveillance data for the period of 1990 till 2008. 

Over this period more than 70,000 VL cases have been reported in Muzaffarpur district. We 

observed an incidence peak around 1992, followed by a lower peak 15 years later in 2007. 

VL cases occurred throughout the year but there were annual incidence peaks in March-

April and July. The nature of the disease is such that it occurs in one place for some time and 

then moves to other areas. In Muzaffarpur district in Bihar we documented considerable 

geographical shifts in the high VL attack rates, moving from the eastern part of the district 

to the western part from the period 1990-2008. We were able to build a rather accurate 

prediction model of VL incidence based on meteorological parameters (rainfall and relative 

humidity) (Malaviya P. et al. 2011). This type of associations is most probably explained by 

the environmental conditions required for the sand fly development: they need moisture for 

larval development.   

Our study of vector density at household level identified two factors, housing structure and 

wealth status, as important determinants of the indoor density of sand flies. The study 

revealed that sand flies were present in every type of housing in the study area but more 

often in thatched houses, particularly in the houses of the poorest. These were also the 

houses where the probability of capturing all three categories of female sand flies (unfed, 

fed and gravid) was highest. This indicates that these houses are preferred by sand flies as 

resting and breeding sites. Sand flies were found in all but four houses. Considering the way 

the villages in the study area are structured, with poor and wealthy houses as well as cattle 

sheds within close proximity of one another and organic waste everywhere, it is not 

unexpected that sand flies are present everywhere. From other studies we know that sand 

flies are also very common outside the houses, in the peri-domestic areas (Poche D. et al. 
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2011). Sand flies are opportunistic feeders and thrive in the peri-domestic environment, 

biting cattle and other mammals as well as humans. This may explain why the factors we 

identified, housing structure and wealth quintile, explained only 14% of the total observed 

variability in indoor sand fly density. We are well aware of the limitation of our work that 

focuses only on indoor sand fly density, which is may be not capturing the entire exposure 

risk. People may get exposure to sand fly bites outside the houses as well as inside, thus 

more research on this aspect is needed.  

Our further research was related to the disease control strategies, as well as the health 

information system in the context of VL. From an earlier study we knew that treatment 

outcomes reported in the daily routine of the health care system were often not reliable. In 

particular follow-up after treatment completion was lacking, even during treatment there 

was no adequate monitoring. As a result a substantial number of treated VL cases were not 

cured and went for additional treatment elsewhere (Hasker E. et al. 2010). This was 

unknown to the health care system and such patients were assumed to be cured. We 

explored two alternatives for solving this problem of improper monitoring of treatment 

outcome: periodic random surveys, and quarterly cohort reporting. Periodic random surveys 

among treated cases provide reliable information but are very costly and labour intensive. 

We found that such surveys are useful in monitoring the effectiveness of treatment at 

programmatic level but not for individual treatment monitoring. Therefore, conducting such 

surveys on routine basis seems not a feasible solution (Malaviya P. et al. 2011). A more 

sustainable solution would be quarterly cohort reporting, as is also practiced in TB control 

programs. However in TB control the duration of treatment is long and final treatment 

outcome can be reported as soon as the last dose of treatment has been taken, whereas in 

VL the duration of treatment is much shorter but a 6 months follow-up after the last dose 

has been taken is required before a patient can be considered a definite cure. We 

developed a recording and reporting format based on the register and reports used by the 

tuberculosis control program and field tested it in three primary health care centres (Ostyn 

B. et al. 2013). During the pilot phase we were able to demonstrate its usefulness. It allowed 

quarterly reporting for the clinical outcomes and calculating initial and final cure rates, 

defaulter rates and failure rates easily provided the treatment outcomes had been recorded 

properly. Though the system was easy to use, it only worked with dedicated health workers 
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paying visits to the villages and collecting information on each patient. Patients will not 

come back to the health centre if they do not receive further treatment; as a result in VL the 

final treatment outcome remains unknown most of the time. This could possibly be solved 

by involving village health workers, ASHAs in the VL control program. The TB control 

program already involves ASHAs to monitor treatment intake, and similarly, for VL control 

ASHAs could be involved to assess the final treatment outcomes as well. India does have a 

well-established network of ASHAs who are present in all villages. Mobile network coverage 

is excellent, so it is easy to contact the ASHAs. We interviewed a random sample of ASHAs 

to find out whether they were able and prepared to play a role in VL control. We were able 

to contact all the randomly selected ASHAs and all were actually still performing their duties 

in the healthcare system. It indicates that this network of ASHAs does really exist and is 

functional. We assessed their knowledge on VL and asked about their willingness to be 

involved in VL care, specifically to observe treatment and revisit patients to assess the final 

treatment outcome. Their current knowledge on VL was rather limited but the vast majority 

expressed an interest to become involved in referring suspects cases, observing treatment 

and conducting post-treatment follow-up visits. Almost all of the ASHAs could be contacted 

by mobile phone, so this would offer a very feasible solution to the problem of recording the 

final treatment outcomes.  

 

Implications of our findings for the VL elimination initiative 

On epidemiology 

In India the target for elimination is set at less than one new VL case per year per 10,000 

populations at block or sub-district level. A recent WHO expert report recommends a better 

specification of this target. “In order to achieve elimination of VL as a public health problem, 

this target should be sustained for at least three consecutive years in each operational unit 

(district in Nepal, block in India, upazilla in Bangladesh)” (WHO-2014). This specification is 

very welcomed, because we have seen in our first study that the VL burden shifted from one 

part of the Muzaffarpur district to another, from the eastern to the western blocks. It means 

a block which achieved the elimination target once might experience significant fluctuations 
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in caseload over the years. According to the official records of Muzaffarpur district, one 

block ‘Aurai’ reached the elimination target in 2012, while the overall incidence rate at 

district level was still 3.6/10,000. The next year, in 2013, none of the 16 blocks was below 

the elimination target level and the overall incidence rate was higher, 4.3 per 10,000.  

Moreover, we should never forget that the official figures are an underestimate of the 

actual incidence which may be several times higher because substantial numbers of VL cases 

are treated by the NGOs and private practitioners but these patients are not reported 

regularly to the health authorities (Thakur CP. 2007; Desjeux 1992; Singh SP et al. 2006; 

Singh VP et al. 2010). Consequently, a big proportion of actual cases have not been recorded 

by the routine public health system. Between 1990 and 2008, almost all of the over 70,000 

VL cases recorded by the health authorities of Muzaffarpur, had been treated by the public 

health centres. Very few were reported by NGOs and private practitioners (Malaviya P. et al. 

2011). Such underreporting can be avoided only if notification of the disease is made 

mandatory for all health providers including NGOs and private practitioners. To avoid 

double counting of cases a unique “Patient Identification Code” should be introduced at 

each health facility, including the private sector (NVBDCP). There are of course other 

challenges for the epidemiological surveillance system, as the disease is also spreading 

outside the “classical” endemic zones (Barnett PG. et al. 2005). In the absence of a solid 

epidemiological surveillance system it is difficult to keep watch on the new areas acquiring 

the disease and intervene in time. More accurate data on VL incidence will facilitate 

monitoring the progress towards elimination and will also help in better supply planning of 

the required number of diagnostic kits and drugs. In summary, our thesis work highlights 

the need for a more accurate epidemiological surveillance and a better monitoring of the 

VL elimination target over time. 

 

On control 

Active case detection: In the VL elimination initiative, community awareness and 

involvement of village health workers are crucial, according to all strategic documents. The 

disease is indeed prevailing in rural areas where the most marginalized section of the 

society resides. Therefore, the elimination program should be conducting Information, 
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Education & Communication campaigns in all the VL affected areas (NVBDCP; WHO-2014). 

The public health system should approach the communities once or twice in a year for 

active case detection depending on the endemicity (Mamun H. et al. 2012). However, in 

reality, and up to 2013, there was no routine active case detection system for VL functioning 

in the villages of the 33 endemic districts of Bihar, except for some pilot studies in some 

selected PHCs. Given the huge population of Bihar, active case detection for VL covering the 

full at risk population seems a daunting task, but as our research showed, this is the area 

where outreach workers such as ASHAs can play an important role in bridging the gap. Early 

diagnosis is now operationally feasible with the use of field-based rapid diagnostic tests 

(rK39) to detect antibodies to recombinant antigen rK39 (Cunningham J. et al. 2012). Under 

the National Rural Health Mission (NRHM), ASHAs are key actors for rendering services to 

the village community (NRHM Framework). The Indian national tuberculosis program, 

RNTCP, utilizes ASHA workers well as DOTS providers but in the VL control program their 

role so far has been minimal. We found that ASHAs are ready to take on additional 

responsibilities in active case detection and can report back to the Primary Health Centres 

through the mobile phone network. ASHAs are volunteers and paid performance based 

incentives and in this case too they would want some incentive per VL patient diagnosed 

and/or treated. With financial support from WHO-TDR, four active case detection strategies 

were piloted in Bihar. These strategies were house to house search, fever camps, search 

around a recent VL case (index case), and providing an incentive to village health workers 

for each VL case identified in active screening (Singh SP. et al., 2011; Mamun H. et al. 2012). 

Of these four strategies, the cost of detecting a new VL case was lowest with the incentive-

based approach and this method detected also the majority of the VL burden in the 

community. The index case approach was found particularly effective in low disease burden 

settings (Singh SP. et al. 2011). In an area with only recent history of VL cases, searching 

around recent VL case for an incentive (i.e. a combined approach of index plus incentive 

based approach) was most efficient (Mamun H. et al. 2012). Involvement of village level 

health workers in any of these approaches would be a great improvement for the 

management of kala-azar in the public health system. It will strengthen the link between the 

PHC and the community. This should be based on proper planning and training of these 

health workers. In the TB control program training of ASHAs for working as DOT provider is a 
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regular feature (RNTCP 2011) but current VL control does not foresee any systematic 

training of ASHAs. The lack of training and involvement of ASHAs by the VL control program 

was reflected in their response on our questions related to the transmission and treatment 

modalities (Malaviya P. et al. 2013; Das VNR. et al. 2014). The above mentioned WHO-TDR 

operational research project organized training sessions for the incentive and index case 

approach for village health workers; the results were patently encouraging (Singh SP. et al. 

2011; Mamun H. et al. 2012). Another study in Muzaffarpur and Saran district in Bihar 

showed that after a one day training session, the patient referral rate by ASHAs increased 

significantly (Das VNR. et al. 2014). The findings of these studies support our 

recommendation of involving ASHAs. Similar to TB, Kala-azar should also be included in the 

training curriculums of ASHAs. These additional responsibilities of ASHAs should be 

streamlined with their current activities, seeking maximum synergy with their other duties. 

The Bihar State Government is presently organizing monthly Health and Nutrition days 

(NHD) in every village at Anganwadi centres with the help of ASHA, AWW and ANM. The 

NHDs camps could be an opportunity for these health workers to inquire about prolonged 

fever cases especially in mother and child. Therefore, we recommend that the network of 

community health workers should be more actively involved in active case detection and 

patient follow up tasks (see below). The Bihar State Government should launch with 

immediate effect the incentive scheme for ASHAs in all the endemic districts of Bihar to 

get their maximum support in the fight against Kala-azar. 

 

Vector control: The current IRS guidelines state to spray twice in a year: first in February-

March and again in May-June (NVBDCP: KA Action Plan). These spray rounds are timed to 

precede the peak sand fly seasons, summer and rainy season. However, from other studies 

we know that the IRS has been fairly irregular (Thakur CP et al. 2007), not respecting this 

calendar and that coverage has been low (Hasker E. et al. 2012). In our study area too, the 

IRS coverage has been very low although recently it has been increasing gradually every year 

(Malaviya P. et al. 2014). The general low quality of IRS operations poses the danger of 

development of resistance against DDT in sand flies (Kishore K et al. 2006). The IRS teams 

appear to reach a relatively high proportion of thatched houses and houses of poorer 
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families (unpublished data from Muzaffarpur-TMRC HDSS). However, as shown in our study 

on sand fly distribution, P. argentipes are present everywhere, even in better houses. In 

Indian villages where all types of houses and cattle sheds are found in close proximity of 

each other, selective spraying will not be able to control the sand fly populations. Therefore, 

the IRS should target spraying all types of houses and cattle sheds. As sand flies were found 

to be abundant also outside (Poche D. et al. 2011; Picado A. et al. 2009), it requires further 

study on the exact risk and the possible interventions to deal with this issue. Based on our 

research we recommend that the program must ensure high quality and sustained IRS 

operations, accompanied by dedicated research on vector biology and new interventions, 

and this for several years ahead without interruption.  

 

On the health information system 

As stated earlier, in kala-azar definite cure usually requires clinical assessment at 6 months 

after the end of treatment. PHC centres are still lacking an effective information 

management system and a proper kala-azar case register to collect information for key 

indicators (Hasker E. et al. 2010). Our quarterly cohort reporting register fills part of the gap. 

It also allows us to record both early and late treatment outcomes. This tool is now being 

used by the PHCs in the Muzaffarpur district with little adaptation. However, recording late 

treatment outcome is still a challenge as patients do not return for check-up at 6-month 

post treatment (Ostyn B. et al. 2013). Involvement of ASHAs provides a feasible solution to 

this problem. They are from the same village as of the patients and may easily contact them 

in the village. With the current VL incidence rate of 4.3 new cases per year per 10,000 

individuals in the Muzaffarpur each ASHA will have to contact very few patients per year. 

We recommend the program to enhance the quality of the reporting of clinical outcomes 

in VL by scaling-up the results of the operational research on this topic. 

Not all of the important pending questions in the elimination effort (role of asymptomatic 

infections, PKDL, HIV-VL coinfection, emerging drug and insecticide resistance, etc) can be 

answered by analysis of routine data though. In our study area in Muzaffarpur we have 

established a sentinel site specific for VL research which is now called as the Muzaffarpur-
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TMRC Health and Demographic Surveillance System (HDSS) (Malaviya P. et al. 2014). This 

site is a part of INDEPTH global network of HDSS. HDSS sites around the world are known for 

their focussed research activities. This sentinel site is a platform for dedicated kala-azar 

research. The Ministry of Health can use the evidence generated by this platform and 

others to inform the VL elimination policy and the control policy of other communicable 

diseases. 

 

In conclusion 

The level of epidemiological surveillance on VL today in India is not yet up to the 

requirements of a VL elimination initiative. The disease should be urgently made notifiable 

and the Ministry of Health should ensure that all the treatment providers, both public and 

private, do regularly report the exact number of VL patients treated by them.   

We showed how the VL epidemic rapidly spreads geographically within the known endemic 

districts, and others showed how it can spread to districts that are hitherto considered as 

non-endemic areas (Barnett PG. et al. 2005). Therefore the control program should launch 

active case detection activities on a large scale, and tap into the existing network of 

community health workers for this purpose. A combination of two or more active case 

detection strategies seems ideal, but should build on and extend existing capacity of these 

workers in other health activities.   

Our research showed that currently defaulting from VL treatment is very common (Hasker E. 

et al. 2010; Ostyn B. et al. 2013) but that the quality of information on treatment outcomes 

is poor. We developed a register-based tool for use in PHCs that can substantially improve 

the data quality obtained in the primary care services, but requires involvement of 

community health workers for reporting of late treatment outcomes.  

Our thesis showed how operational research can address a number of important questions 

in the VL elimination effort, but not all. Longitudinal population-based research such as 

conducted under the HDSS platform we developed in Muzaffarpur district is required and 

feasible as well.  
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