)
BIVIC Medicine Bioned Centrl

Research article

Chemical and environmental vector control as a contribution to the
elimination of visceral leishmaniasis on the Indian subcontinent:
cluster randomized controlled trials in Bangladesh, India and Nepal
Anand B Joshi*!, Murari L Das?, Shireen Akhter3, Rajib Chowdhury?3,

Dinesh Mondal4, Vijay Kumar®, Pradeep Das>, Axel Kroeger®7?,
Marleen Boelaert8 and Max Petzold?:10

Address: Institute of Medicine, Tribhuvan University, Kathmandu, Nepal, 2BP Koirala Institute of Health Sciences, Dharan, Nepal, 3NIPSOM,
Mohakhali, Dhaka, Bangladesh, 4 ICDDRB, Dhaka, Bangladesh, SRMRIMS (ICMR) Patna-800 007, India, ¢Special Programme for Research and
Training in Tropical Diseases, World Health Organization, Geneva, Switzerland, 7Liverpool School of Tropical Medicine, Liverpool, UK,
8Department of Public Health, Institute of Tropical Medicine, Antwerp, Belgium, °Nordic School of Public Health, G6teborg, Sweden and
10Statistical Research Unit, Goteborg University, Goteborg, Sweden

Email: Anand B Joshi* - abjoshi2018 @yahoo.com; Murari L Das - mldas_29 @yahoo.com; Shireen Akhter - shireen_nipsom@yahoo.com;
Rajib Chowdhury - rajib478 @yahoo.com; Dinesh Mondal - din63d@icddrb.org; Vijay Kumar - vijay_rmri@sify.com;
Pradeep Das - dasp@cal2.vsnl.net.in; Axel Kroeger - kroegera@who.int; Marleen Boelaert - mboelaert@itg.be; Max Petzold - max@nhv.se

* Corresponding author

Published: 5 October 2009 Received: 10 August 2009
BMC Medicine 2009, 7:54  doi:10.1186/1741-7015-7-54 Accepted: 5 October 2009
This article is available from: http://www.biomedcentral.com/1741-7015/7/54

© 2009 Joshi et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Bangladesh, India and Nepal are working towards the elimination of visceral
leishmaniasis (VL) by 2015. In 2005 the World Health Organization/Training in Tropical Diseases
launched an implementation research programme to support integrated vector management for
the elimination of VL from Bangladesh, India and Nepal. The programme is conducted in different
phases, from proof-of-concept to scaling up intervention. This study was designed in order to
evaluate the efficacy of the three different interventions for VL vector management: indoor residual
spraying (IRS); long-lasting insecticide treated nets (LLIN); and environmental modification (EVM)
through plastering of walls with lime or mud.

Methods: Using a cluster randomized controlled trial we compared three vector control
interventions with a control arm in 96 clusters (hamlets or neighbourhoods) in each of the 4 study
sites: Bangladesh (one), India (one) and Nepal (two). In each site four villages with high reported
VL incidences were included. In each village six clusters and in each cluster five households were
randomly selected for sand fly collection on two consecutive nights. Control and intervention
clusters were matched with average pre-intervention vector densities.

In each site six clusters were randomly assigned to each of the following interventions: indoor
residual spraying (IRS); long-lasting insecticide treated nets (LLIN); environmental management
(EVM) or control. All the houses (50-100) in each intervention cluster underwent the intervention
measures. A reduction of intra-domestic sand fly densities measured in the study households by
overnight US Centres for Disease Prevention and Control light trap captures (that is the number
of sand flies per trap per night) was the main outcome measure.
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Results: IRS, and to a lesser extent EVM and LLINS, significantly reduced sand fly densities for at
least 5 months in the study households irrespective of type of walls or whether or not people
shared their house with cattle. IRS was effective in all sites but LLINs were only effective in
Bangladesh and India. Mud plastering did not reduce sand fly density (Bangladesh study); lime
plastering in India and one Nepali site, resulted in a significant reduction of sand fly density but not
in the second Nepali site.

Conclusion: Sand fly control can contribute to the regional VL elimination programme; IRS should
be strengthened in India and Nepal but in Bangladesh, where vector control has largely been
abandoned during the last decades, the insecticide treatment of existing bed nets (coverage above
90% in VL endemic districts) could bring about an immediate reduction of vector populations;
operational research to inform policy makers about the efficacious options for VL vector control

http://www.biomedcentral.com/1741-7015/7/54

and programme performance should be strengthened in the three countries.

Background

Visceral leishmaniasis (VL, named kala-azar in the Indian
sub-continent) is endemic in three countries of South East
Asia: Bangladesh, India and Nepal. Approximately 200
million people in the region are at risk and the disease is
now being reported in 45 districts in Bangladesh, 52 in
India and 12 in Nepal. Of the estimated 500,000 people
in the world who are infected each year, nearly 100,000
are estimated to occur in these three countries. VL affects
the poorest among the poor in the endemic areas [1].

In 2005 all the three countries agreed to initiate a VL elim-
ination programme with high level political commitment.
The target was to reduce the annual VL incidence to 1/
10,000 population by 2015. Favouring factors are that:
human beings are the only reservoir host; Phlebotomus
argentipes is the only vector in the region; VL is concen-
trated in 109 districts in the three countries; the disease is
easy to diagnose, even in field settings, through the
recently developed rK39 dipstick test; and it can be treated
completely with effective drugs [2,3]. The five pillars of
the VL elimination strategy are: providing access to early
diagnosis and treatment; strengthening disease and vector
surveillance; integrated vector management; social mobi-
lization and networking; and operational research [4].
However, there is still a long way to go before we can turn
this concept into a reality.

VL was virtually eliminated from the region during the
malaria eradication era in the 1950s in response to spray-
ing with dichlorodiphenyltrichloroethane (DDT), but
returned after the relaxation of the spraying operations
[5]. Today, Bangladesh has largely abandoned vector con-
trol operations in favour of VL. In India, however, DDT is
still used for blanket indoor residual spraying (IRS). On
the other hand, Nepal applies IRS with pyrethroids in a
targeted way to those villages in which a case of VL has
been reported in the previous year [6].

Providing or promoting the use of long-lasting insecticide
treated nets (LLINSs) is a potential alternative for sand fly

control [7-10] as bed-net use is common practice in Bang-
ladesh [5,9,11] and parts of India and Nepal [8], and the
vector, P. argentipes, is a night biter in and around houses
[12]. Environmental management (EVM) may be another
alternative tool for VL vector control. In the rural areas of
these countries it is a common practice to plaster the walls
and floors of houses and cattle sheds with mud and clay.
A sudden drop in the sand fly density was noticed in a
pilot study when treated houses were compared with
untreated control houses [13].

This study was designed in order to evaluate the efficacy of
the different interventions for VL vector management
(IRS, LLINs, and EVM) in reducing sand fly density under
fairly controlled conditions to better inform the policy
makers about the different VL vector control options.

Methods

Study design

A cluster randomized controlled trial was used to evaluate
the effectiveness of IRS, LLIN and EVM (house wall plas-
tering with mud in Bangladesh or liming in Nepal and
India) in the reduction of vector density compared to a
control group. Sand fly collections were taken before the
application of the interventions and follow-up sand fly
collection were taken after 6-months in all the interven-
tion and control areas.

Study areas

The study sites were selected according to a past reported
high VL incidence in the following endemic districts: Ful-
baria Upazilla, Mymensingh districts in Bangladesh;
Vaishali and Muzzaffarpur districts in India; and Sarlahi,
Sunsari and Morang districts in Nepal (Figure 1).
Reported cases were based on passive case detection and
taken from the Health Information Management System
of each of the countries for the past 3 years. The data are
comparable for the three endemic countries as they use
similar diagnostic criteria based on clinical signs and
symptoms and laboratory tests (rk39 rapid tests and para-
sitological confirmation). Climatic conditions in the
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Figure |
Map of the participating sites.

study areas are fairly uniform, with a low vector season
from December to March due to lower temperatures.
Socio-economic conditions (including age structure, the
number of people per household and the illiteracy rate)
and disease awareness was comparable in each of the
study sites. No public or private vector control activities
had been undertaken in the study districts during the pre-
vious year.

Sample size

The sample size estimation was based on the vector den-
sities, variation and distribution documented in previous
entomological studies and the sand fly reduction in a sim-
ilar intervention study in Venezuela [14]. Our study
assumed that the distribution of sand fly counts follows a
negative binomial distribution with a dispersion coeffi-
cient of k = 0.05 and an intra cluster coefficient (ICC) of
0.03. Further, a reduction from 20 to 5 vectors per trap
and per night, and an average of 50 to 100 households per
cluster (representing a hamlet or neighborhood), was
assumed. The minimum sample size was found to be six
clusters per arm, with a total of 24 clusters per study site,
in order to achieve the required power of 80% and a sig-
nificance level of 5%.

Selection of intervention and control clusterslivillages

In order to identify potential study sites with high vector
densities, villages with a reportedly high VL endemicity
(see the study areas section) were either selected from a
list of villages with a high VL incidence (four out of 20 in
Bangladesh and four out of 10 in Nepal (Tribhuvan Uni-
versity) or four villages with the highest VL incidence in
the previous 3 years (in India and Nepal - BP Koraila Insti-
tute of Health Sciences; Figure 2). These large villages were
subdivided into smaller units containing 50 - 100 houses
each. Each of these sub-village units represents a cluster;
six clusters were randomly selected giving a total of 24
clusters per study site. In all sites, the houses were num-
bered and informed consent was sought from the house-
hold heads.

Selection of households for measuring sand fly densities

For the measurement of sand fly densities within each
cluster, five houses at a minimum distance of 10 m were
randomly selected by simple random sampling from a list
of households after stratification into houses for humans
only (HH) and mixed houses (MH) for humans and ani-
mals (no such stratification was carried out in Bangladesh
where there were no MHs). With six clusters and five
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Figure 2
Flow chart of study implementation in each site.

houses in each of the four arms, a total of 120 study
houses were selected in each site (Figure 2). However, the
interventions covered all the houses in each cluster.

Cluster allocation to intervention arms

After the entomological baseline study, the 24 clusters in
each site were placed into three groups of sand fly density
- high, intermediate or low. Within each group, the clus-
ters were randomly allocated to IRS, LLIN, EVM or con-
trol. In this way four arms were obtained, each containing
six clusters (villages) but with a similar baseline vector
density.

Study arms and interventions
In the intervention clusters of the four study sites in the
three countries the following measures were taken:

¢ [RS: in Bangladesh this was done using deltamethrin
(K-Otrine 5%, Aventis Bayer company, target concen-

tration 20 mg active ingredient per square metre); in
India we used DDT 5% (target concentration 1 g/m?,
Hindustan Insecticide Limited); and in Nepal we used
alpha-cypermethrine (target concentration 0.025 gm/
m?2, Gharda Chemical LTD, Mumbai, India). IRS was
carried out by the district vector staff, except for Bang-
ladesh where the research team themselves had to do
it in the absence of a vector control programme. Prior
to the day of spraying, the head of household was
informed of the procedure and date of IRS and was
asked to sign a consent form. On the day of spraying,
family members removed food, clothing, bed linen
and animals before spraying. A spray field worker
applied the insecticide to the interior (in Bangladesh
also to the exterior) walls of the house and cattle
sheds, up to 6 ft high, targeting the cracks and crevices.
Quality control was done by the research team. Every
household of the entire village/cluster was treated.
Heads of household were told not to re-plaster their
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walls. The insecticides used in the study (as well as in
routine vector control programmes) are efficacious
against sand fly vectors (see the bioassay results
below).

e LLIN: PermaNet® nets (Vestergaard-Frandsen Com-
pany, Lausanne, Switzerland) with small mesh (156
holes/in?), polyester, resin coating containing deltam-
ethrin (55 mg/m?) were distributed in all households
of this study arm during the week 0 after the first sur-
vey in order to cover all household members based on
reported sleeping arrangements. Two net sizes (160 x
180 x 150 cm and 100 x 180 x 150 cm) were used
depending upon household members and sleeping
arrangements.

¢ EVM: Trained community mobilizers met with each
family to discuss the typical resting and breeding sites
in and around houses and the appropriate ways to
reducing them. In Nepal and India wall plastering
with a lime/mud mixture was promoted, the lime
being provided free of charge to the households. In
Bangladesh plastering was done with mud only. The
heads of household did the wall plastering themselves
as it is a common practice. In Bangladesh a token
incentive was provided to the children and house-
wives in order to encourage their participation. After
the initial plastering activities, the community mobi-
lizers conducted weekly home visits and meetings to
promote the continuing filling of cracks and crevices
in houses and cattle sheds [15].

e Control: Control clusters were similar in all ways to
the intervention clusters; no specific vector control
intervention was carried out.

Entomological monitoring

Vector density in each cluster was monitored by CDC light
traps [16] during two consecutive nights, pre-intervention
(November 2006) and post-intervention (April 2007), in
five randomly selected households in each intervention
and control cluster (5 houses x 2 nights x 24 clusters = 240
measurements per site). Each study team completed the
entomological survey within 3 - 4 weeks using 8 - 10 light
traps at the same time. In each house they located one
light trap between 6 pm and 6 am in a standardized way:
in the corner of the main room 1-2 in from the wall and 6
in apart on the floor. The captured sand flies were exam-
ined on the day of collection. Test tubes were left in -20°C
for 20 min, or chloroform-soaked cotton was used to kill
the sand flies. The identification of sand flies was based on
external morphological characteristics seen under a binoc-
ular microscope. The sand fly species was identified, sex
and the abdominal condition of females were noted sep-
arately (P. argentipes, P. papatasi, Sergentomyia spp.) [17].

http://www.biomedcentral.com/1741-7015/7/54

Bio-assays

In order to determine the efficacy of the insecticide
sprayed surface and LLINs, wild caught P. argentipes in
Bangladesh, India and Nepal were exposed to randomly
selected sprayed surfaces for 30 min and to randomly
selected LLINs for 3 min using the World Health Organi-
zation (WHO) cone bio-assay method, including four
replicates and one control in each assay [18]. The 24 hour
mortality was higher than 80% in all study sites and will
not be considered further in this paper.

Statistical analysis

All analyses are based on total sand fly counts collected by
CDC light traps; P. argentipes, the VL vector, represented
51% of all sand fly catches (range 48% - 59%). For the
main efficacy analysis, data from the four study sites were
pooled, including the baseline survey and follow-up sur-
vey, five months (for India and Nepal) and six months
(Bangladesh) later to determine the medium term effect
of the intervention. Additionally, the site-specific analyses
were carried out. It was found that the Poisson distribu-
tion fitted the data and all analyses were done under that
assumption.

Multilevel modelling with sample clusters (hamlet/neigh-
borhood) as the second level of clustering was applied.
The Poisson-regression procedure in STATA 10.1, with a
robust sandwich estimator for clustering, was used in the
analysis. Baseline data and post-intervention data were
analysed both separately and in a longitudinal model. In
the latter model an interaction term of being in the inter-
vention arm at follow-up was included in order to esti-
mate the effect of the intervention. The intervention effect
was then estimated as the difference of the differences and
should be zero if there is no intervention effect and nega-
tive if there is a larger reduction in the intervention clus-
ters than in the control clusters:

Effect of intervention: (B-A)-(D-C): A = baseline value for
the intervention group; B = post-intervention value for the
intervention group; C = baseline value for the control
group; D = post-intervention value for the control group

Technically the regression model has the following struc-
ture:

Count = Intercept + a*Treatment + b*Time + c*Interac-
tion + error, where treatment is one if it is the intervention
and zero if it is the control; where time is 1 if follow up is
5 months after intervention and zero if baseline; and
where interaction is 1 if the intervention group at follow
up. In the tables only the c-coefficient and its P-value are
given.

Significances are stated at 5% level and 95% confidence
intervals are given. In this paper we will focus on the
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pooled analysis of the four study sites in order to draw
general conclusions but will also present site specific
results.

The main outcome variable was 'total number of sand
flies per trap per night' before and 5 months after inter-
vention. The following variables were controlled for in
some of the analyses: 'type of dwelling' (houses with only
human inhabitants versus mixed dwellings with humans
and cattle) and 'type of wall' (walls with bricks, concrete,
mud versus bamboo sticks and other precarious materi-
als).

Results

In order to achieve a higher power of testing the compar-
ative efficacy in reducing sand fly density through three
interventions (IRS, LLINs, EVM) we undertook a pooled
analysis of the results in the three countries. To capture the
difference among the study sites, individual site specific
analyses were done which was particularly important in
order to understand the different effects of the various
EVM interventions (lime plastering in India and Nepal;
mud plastering in Bangladesh).

Pooled analysis

Table 1 summarizes the vector densities at baseline and
after intervention for all the study sites. The mean and
confidence limits per intervention per survey, as well as
the P-values from testing the difference in mean between
the three interventions and the control at baseline and fol-
low up survey, are presented. Vector densities at baseline
indicate no or only small but non-significant differences.
The effect of the interventions on vector density is shown
in the follow up survey 5 months later. The intervention
effect is very clear for IRS and less impressive, but signifi-
cant, for EVM and LLIN compared to the control clusters
where the vector density increased. Due to this increase,
the net effect of the interventions can be better estimated
in the following way: the estimated intervention effect in
terms of reduction in sand fly counts in the simple model
showed a 72.4% reduction for IRS, a 42.0% reduction for
EVM and a 43.7% reduction for LLIN.

http://www.biomedcentral.com/1741-7015/7/54

In Table 2 the P-values for testing the intervention effect
are presented when controlling for differences in baseline
values for the interventions and control, respectively.

Controlling for type of dwelling (house for humans only
or mixed houses with humans and cattle) and/or type of
wall does not alter the significance of the intervention
effects. Type of wall is insignificant for all arms, while type
of dwelling is significant for IRS and EVM.

Site specific analysis

While in all sites the same LLIN product was introduced,
the chemicals for IRS were different (pyrethroids for
Nepal and Bangladesh; DDT for India) but all of them had
a high efficacy in the bioassays. EVM was done with differ-
ent materials: lime plastering in India and Nepal and mud
plastering in Bangladesh.

The estimated intervention effects for site specific analysis
are given in Table 3 showing the following pattern:

e IRS resulted in significant sand fly reductions in all
sites independent of type of walls or dwelling or type
of insecticide (DDT or pyrethroids).

e LLINs had a significant negative effect on sand fly
densities in India and Bangladesh, but not in the two
Nepal sites (see the discussion section)

e EVM using mud for wall plastering in Bangladesh
was not effective; EVM using lime plastering signifi-
cantly reduced the sand fly densities in India and
Nepal (Sarlahi and Sunsari districts) but not in the
other Nepal site (Morang district; see discussion)

Discussion

Entomological evidence regarding the efficacy of IRS, LLIN
and EVM

The study has shown that IRS in particular, under quality
controlled conditions and implemented by dedicated
research teams, was efficacious in reducing the indoor
sand fly density. LLINs and EVM were also able, under cer-

Table I: Number of sand flies per house (trap) per night at all four sites pooled in Nepal, Bangladesh and India (Unadjusted mean
counts of sand flies at baseline and at 5 months follow up with cross-sectional testing).

LLIN IRS EVM Control P-value test of difference
Cl 95% Cl 95% Cl 95% Cl 95% LLIN IRS EVM
versus versus versus

Control Control Control

Survey* Mean Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower Upper
Baseline  9.92 7.28 13.53 1232 9.54 1592 1321 1755  9.4I 6.97 12.71 0.798 0.184 0.108
5 months 832 5.56 1245 6.14 4.00 1047 10.39 7.56 1429 12.15 8.68 1700 0.160 0.035 0.503
follow-up
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tain but not fully understood conditions, to reduce VL
vector densities at least for 5 or 6 months after the inter-
vention, independent of housing conditions and the pres-
ence or absence of cattle. The pooled results on
intradomestic sand fly reduction (Table 1 and 2) were
most likely due to the overall reduction of the sand fly
population in each of the localities as the intervention was
applied to all the houses of the selected clusters houses
and not only the five houses where the measurement was
taken. This approach is different from interventions
directed only to individual houses as described by Dinesh
et al. (2008) [16,19] in Bihar, where LLINs did not neces-
sarily reduce the intradomestic VL vector densities but
may have protected the occupiers of the selected houses
from sand fly bites.

The site-specific data regarding LLINs and EVM have to be
interpreted with caution because the limited number of

http://www.biomedcentral.com/1741-7015/7/54

clusters per arm provided uncertain estimates (wide con-
fidence Intervals). LLINs had a significant effect on the
number of sand flies in India and Bangladesh, but not in
the two Nepali sites; when taking them together the inter-
vention effect was also significant. This is confirmed by
another VL vector intervention study using LLINs (unpub-
lished, Kalanet Project). For the protective efficacy of
LLINS, it has to be taken into consideration that CDC light
trap captures monitor sand flies outside the bed nets, so
that the actual protection for people sleeping under a
LLIN from infective bites is most likely to be higher. The
effect of LLIN on leishmania incidence, both cutaneous
and visceral, has been shown in several studies in Latin
America, Africa and the eastern Mediterranean region
[20]) but not yet in the Indian subcontinent. Further
research is necessary to establish the nature and extent of
LLINs as protective tools against VL transmission and one

Table 2: Longitudinal regression analysis of the pre-post control group design

LLIN IRS EVM
Model Parameter Coefficient (P-value) P-value P-value
Simple (crude estimates) Intervention effectt -0.43 (0.042) -0.95 (<0.001) -0.49 (0.024)

Reduction in counts (95% Cl)f

-4.34 (-8.57,-0.10) -892 (-13.20,-4.64)  -5.55(-10.57,-0.53)

43.7% 72.4% 42.0%
Full Intervention effect -0.42 (0.044) -0.94 (0.001) -0.49 (0.025)
Type of wall -0.02 (0.881) -0.17 (0.260) 0.01 (0.925)
Type of dwelling 0.00 (0.996) 0.27 (0.032) 0.26 (0.020)
Type of dwelling Intervention effect -0.43 (0.042) -0.95 (<0.001) -0.49 (0.024)
Type of dwelling -0.01 (0.970) 0.25 (0.043) 0.26 (0.021)
Type of wall Intervention effect -0.43 (0.044) -0.94 (<0.001) -0.49 (0.025)
Type of wall -0.02 (0.876) -0.16 (0.289) 0.02 (0.875)

The intervention effect and covariates are tested in four different longitudinal models; simple not controlling for any covariates, full model
controlling for type of wall and type of dwelling and the two semi controlled models. Intervention effect in terms of sandfly counts and percentage
reduction is given for the simple model. P-values for the regression parameters are presented. Take into account the multiplicative structure of the

regression model. (n = 840)

* (B-A)- (D-C), with A and B being baseline and 5 months sandfly count in the intervention group and C and D being baseline and 5 months sandfly
count in the control group. Percent reduction = level of reduction (e.g. 4.34) divided by baseline intervention group count (e.g. 9.92) times 100

(43.7% in this example).

Note: The pooled analysis of EVM has to be interpreted with caution as two different EVM methods were applied: lime plastering in India and
Nepal; mud plastering in Bangladesh (see site specific differences in the text)

1The intervention effect and covariates are tested in four different longitudinal models; simple not controlling for any covariates, full model
controlling for type of wall and type of dwelling and the two semi controlled models. Intervention effect in terms of sand fly counts and percentage
reduction is given for the simple model. P-values for the regression parameters are presented. Please observe the multiplicative structure of the

regression model. (n = 840)
I Percentage reduction

LLIN, long-lasting insecticide treated nets; IRS, indoor residual spraying; EVM, environmental modification; Cl, confidence interval
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Table 3: Site specific analysis.

http://www.biomedcentral.com/1741-7015/7/54

Site LLINt IRSt EVMi

Nepal | (n = 120) -3.80 (-14.7,7.1) -10.7 (-26.7, 5.3) -10.6 (-22.3, 1.2)
2% 53% 51%

Nepal 2 (n = 240) 211 (-84,42) -85 (-16.0, -0.9) -0.6 (-10.7,9.5)
16% 52% 4%

Bangladesh (n = 240) 82 (-13.8,-2.7) -10.3 (-13.8, -6.8) -0.8 (-5.4, 3.8)
68% 94% 9%

India (n = 240) 29 (-3.7,-2.1) 7.1 (-9.5, -4.7) -12.0 (-15.8, -8.1)
298% 124% 108%

Crude estimated reduction in counts without controlling for potential confounders. Reduction in counts (95% confidence interval).

*(B-A)- (D-C), with A and B being baseline and 5 months sandfly count in the intervention group and C and D being baseline and 5 months sandfly

count in the control group.

T Percent reduction = level of reduction divided by baseline intervention group count. Larger than 100% when the intervention group has

decreased while the control group has increased.

ongoing community trial is addressing this question

http://www.kalanetproject.org.

EVM using mud only for wall plastering does not seem to
work. This confirms the results reported in an earlier case-
control study in Bihar, India, where mud-plastered walls
were even a risk factor for VL [21]. Lime plastering in
India, and in one of the two Nepali sites, reduced sand fly
density; the non-significant reduction in the other site
probably being either due to chance or to the acid soil
(which reduces the effect of lime) or the poor quality of
the lime product. Although not a dramatic result, the
effect of lime plastering confirmed the previous work by
Kumar et al. [13] which showed that lime limits indoor
sand fly breeding (calcium hydroxide when reacting with
water is a toxic substance for sand fly larvae). However,
the effect is limited to 6 - 7 months [20] and the cost factor
is important: the annual unit costs per house served were
calculated by Das et al. [22] and they included the costs of
manpower, transportation and materials (lime, insecti-
cides, LLINs, promotional materials). The unit costs were
much lower for IRS (US $5.7; range 2.4-11.7) and LLINs
(US $4.5; 3.5-5.1) than for EVM (US $8.8; 5.3-14.0).

Study limitations

In addition to the above mentioned limitations resulting
from the restricted sample sizes for site specific analyses,
it should be reiterated that this study was conducted
under fairly controlled conditions which are not easily
applicable in a national vector control programme. How-
ever, it provides an indication of the way in which to
undertake treatment programmes.

Conclusion

When the above study results were discussed with the pol-
icy makers involved in the VL elimination initiative at two
meetings in India and Nepal with the Regional Technical

Advisory Group, a group of advisers (including pro-
gramme managers, policy makers and academics from the
three countries) agreed that the study results confirm that
IRS should continue to be the main vector control strategy
used in India (so far they have used DDT) and in Nepal
(so far they have used pyrethroids) [23]. However, the
efficacy, timing of spraying rounds and staff performance
under the real conditions of a national programme
should be assessed by the research teams, including the
evaluation of insecticide resistance and subsequent mon-
itoring through sentinel surveillance. A recent literature
review has shown that insecticide resistance in the Indian
subcontinent is not yet widespread but that high IRS cov-
erage, frequency of sprays and choice of insecticide will be
important factors in achieving an impact on the vector
population and reducing the spread of resistance [20]. In
Bangladesh, where vector control has been practically
abandoned over the past decades but the use of bed nets
is widespread (over 90% in the VL endemic districts
according to a recent study [5], the net treatment with
long-lasting pyrethroid formulations will probably have
the most immediate effect in reducing the vector popula-
tions and man-vector contact. However, a cost-effective
delivery strategy has yet to be developed and validated in
a research context and under programme conditions.

Policy makers acknowledge that such implementation
research can contribute crucial information for cost-effec-
tive strategies [24]. However, as new questions arise,
researchers will have to work hand-in-hand with control
managers to ensure correct interpretations and optimal
use of data.

Abbreviations
WHO: World Health Organization; VL: visceral leishma-
niasis; IRS: indoor residual spraying; LLIN: long-lasting
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insecticide treated nets; EVM: environmental modifica-
tion; DDT: dichlorodiphenyltrichloroethane; HH: houses
containing only humans; MH: houses containing humans
and animals.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

All authors contributed in to the design, implementation
and analysis of the results. This is multicentric study and
the article was prepared by the joint efforts of the authors.

Acknowledgements

The study was funded by the Special Programme for Research and Training
in Tropical Diseases (TDR/WHO). The DDT for IRS in India was donated
by the Hindustan Insecticide Limited and the LLINs (Permanet) for Bangla-
desh were donated by the Vestergaard-Frandsen Company. The European
Union FP6 INCODEYV - funded KALANET project supported the LLIN trial
in India and Nepal-BPKIHS.

References

I. World Health Organization, South-East Asia Regional Office: Com-
municable diseases; Kala azar status in SEA Region (online).
2005 [http://www.searo.who.int/en/Section |0/Section2 | 63.htm].

2. Sundar S, Chakravarty |, Rai VK, Agrawal N, Singh SP, Chauhan V,
Murray HW: Amphotericin B treatment for Indian visceral
leishmaniasis: response to 15 daily versus alternate-day infu-
sions. Clin Infect Dis 2007, 45:556-61.

3. Joshi AB, Banjara MR, Pokhrel S, Jimba M, Singhasivanon , Ashford
RW: Elimination of visceral leishmaniasis in Nepal: pipe-
dreams and possibilities. Kathmandu University Medical Journal
2006, 4:488-496.

4. World Health Organization, South-East Asia Regional Office: Inter-
country meeting of national programme managers for Kala-
azr elimination. Report of the meeting Behror, Rajastan,
India, 1-2 September 2005. SEA-VBC-89, SEARO Delhi 2005.

5. Mondal D, Shafiul Alam M, Zehadul Karim, Rashidul Haque, Boelaert
M, Kroeger A: Present situation of vector control in Bangla-
desh: a wake up call. Health Policy 2008, 87:369-376.

6.  Ministry of Health and Population, Nepal: Annual Report 2003.
Nepal: MoHP.

7.  Bern C, Hightower A, Chowdhury R, Ali M, Amann ], Wagatsuma Y,
Hague R, Kurkjian K, Vaz LE, Begum M, Akter T, Cetre-Sossah CB,
Ahluwalia IB, Dotson E, Secor WE, Breiman RF, Maguire JH: Risk fac-
tors of kala-azar in Bangladesh. Emerg Infect Dis 2005, 11:655-62.

8.  Bern C, Joshi AB, Das ML, Hightower A, Thakur GD, Bista MB: Fac-
tors associated with visceral leishmaniasis in Nepal: bed-net
use is strongly protective. Am | Trop Med Hyg 2000, 63:184-8.

9.  Elnaiem DA, Elnahas AM, Aboud MA: Protective efficacy of lamb-
dacyhalothrin imprebnated bed nets against Phlebotomus
orientalis, the vector of visceral leishmaniasisin Sudan. Med
Ved Entomol 1999, 13:310-314.

10. Ritmeijer K, Davies CR, van Zorge R, Wang Shr-Jie, Schorscher ],
Ibrahim Dongu'du Salah, Davidson RN: Evaluation of a mass dis-
tribution programme for fine-mesh impregnated bed nets
against visceral leishmaniasis in eastern Sudan. Trop Med Int
Health 2007, 12:404-414.

I'l.  Bern C, Chowdhury R: The epidemiology of visceral leishmani-
asis in Bangladesh: prospects for improved control. Indian
Journal of Medical Research 2006, 123:257-288.

12.  Dinesh DS, Ranjan A, Palit A, Kishore K, Kar SK: Seasonal and noc-
turnal landing/biting behaviour of Phlebotomus argentipes
(Diptera: Psychodidae). Ann Trop Med Parasitol 2001, 95:197-202.

13.  Kumar V, Kesari SK, Sinha NK, Palit A, Ranjan A, Kishore K, Saran R,
Kar SK: Field trial of an ecological approach for the control of
Phlebotomus argentipes using mud and lime plaster. Indian |
Med Res 1995, 101:154-6.

http://www.biomedcentral.com/1741-7015/7/54

14.  Kroeger A, Villegas E, Morison L: Insecticide impregnated cur-
tains to control domestic transmission of cutaneous leishma-
niasis in Venezuela: cluster randomized trial. BM] 2002,
325:810-813.

15.  Dhiman RC, Raghavendra K, Kumar V, Keasri S, Kishore K: Suscep-
tibility status of Phlebotomus argentipes to insecticide in dis-
tricts Vaishali and Patna. The Journal of Communicable Diseases
2003, 35:49-51.

16. Dinesh DS, DAS P, Picado A, Davies C, Speybroeck N, Boelaert M,
Coosemans M: The efficacy of indoor CDC light traps for col-
lecting the sand fly Phlebotomus argentipes , vector of Leish-
mania donovani. Med Vet Entomol 2008, 22:120-123.

17. Lewis DJ: A taxonomic review of the genus Phlebotomus
(Diptera: Psychodidae). Bull Br Mus Nat Hist Ent 1982,
45:121-209.

18. World Health Organization: Guidelines for testing mosquito
adulticides for indoor residual spraying and treatment of
mosquito  nets. WHO/CDS/NTD/WHOPES/GCDPP/2006.3.
Geneva:WHO 2006.

19. Dinesh DS, Das P, Picado A, Davies C, Speybroeck N, Ostyn B, Boe-
laert M, Coosemans M: Long-lasting insecticidal nets fail at
household level to reduce abundance of sand fly vector Phle-
botomus argentipes in treated houses in Bihar (India). Trop
Med Int Health 2008, 13:953-8.

20. Ostyn B, Vanlerberghe V, Picado A, Dinesh DS, Sundar S, Chappuis F,
Rijal S, Dujardin JC, Coosemans M, Boelaert M, Davies C: Vector
control by insecticide-treated nets in the fight against vis-
ceral leishmaniasis in the Indian subcontinent, what is the
evidence? Trop Med Int Health 2008, 13:1073-1085.

21. Ranjan A, Sur D, Singh VP, Siddique NA, Manna B, Lal CS, Sinha PK,
Kishore K, Bhattacharya SK: Risk factors for Indian Kala-Azar.
Am | Trop Med Hyg 2005, 73:74-78.

22. Das M, Banjara MR, Chowdhury R, Kumar V, Rijal S, Joshi A, Akhter
S, Kroeger A, Varghese B: Visceral leishmaniasis on the Indian
sub-continent: a multi-centre study of the costs of three
interventions for the control of the sand fly vector, Phle-
botomus argentipes. Ann Trop Med Parasitol 2008, 102:729-41.

23. Joshi A, Narain JP, Prasittisuk C, Bhatia R, Ghalib H, Jorge A, Banjara
MR, Kroeger A: Can visceral leishmaniasis be eliminated from
Asia? | Vector Borne Dis 2008, 45:105-111.

24. Mondal D, Singh SP, Kumar N, Joshi A, Sundar S, Das P, Siddhivinayak
H, Kroeger A, Boelaert M: Visceral Leishmaniasis Elimination
Programme in India, Bangladesh, and Nepal: Reshaping the
Case Finding/Case Management Strategy. Plos Neglected Trop-
ical Diseases 3(1):e355.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1741-7015/7/54/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)



http://www.searo.who.int/en/Section10/Section2163.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17682988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17682988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17682988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18342389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18342389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15890115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15890115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11388512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11388512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11388512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11299126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11299126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11299126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7751045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12376442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12376442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12376442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15239308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15239308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18498610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18482197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18564350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18564350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18564350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16014837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19000390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19000390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19000390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18592839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18592839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19159009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19159009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19159009
http://www.biomedcentral.com/1741-7015/7/54/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Study areas
	Sample size
	Selection of intervention and control clusters/villages
	Selection of households for measuring sand fly densities
	Cluster allocation to intervention arms
	Study arms and interventions
	Entomological monitoring
	Bio-assays
	Statistical analysis

	Results
	Pooled analysis
	Site specific analysis

	Discussion
	Entomological evidence regarding the efficacy of IRS, LLIN and EVM
	Study limitations

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

