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Background: Visceral leishmaniasis (VL), also known as kala-azar in the Indian sub-continent (ISC), is a major
public health concern in Bangladesh, India, and Nepal, where it is caused by Leishmania donovani transmitted
by the sand fly Phlebotomus argentipes. Various ecological parameters including air temperature, rainfall, wind
speed, relative humidity, soil moisture, pH, and organic carbon are known to influence the oviposition of female
sand flies, as well as the survival and development of larvae. However, more detailed knowledge on vector
behavior, such as biting times, breeding places, and preferred hosts are needed to design optimal evidence-
based vector control interventions.

Methods: In order to facilitate rational decisions regarding VL vector control, a systematic review was conducted
to identify the prevailing practice and knowledge gaps in relation to vector bionomics and behavior. Search terms
included ‘sand fly bionomics’, ‘habitat’, and ‘visceral leishmaniasis/kala-azar vector control’ using the Boolean
operator AND to identify the country of interest, namely: Bangladesh, India, and Nepal. Both PubMed and Google
search engines were used. Additional unpublished documents in the three countries were also analyzed.
Results: Information on the life cycle of VL vectors, their breeding behavior, infection rate with L. donovani, feeding
behavior, and seasonal variation are useful for designing vector control operations. Unfortunately, none of the
studies on the life cycle of R argentipes was conducted in field settings of the ISC, so the publications from other
locations had to be used for determining the duration of life cycle and development from egg to adult. However,
information about breeding places, seasonal variation of vector densities, and 47 out of the selected 51 papers
are available from the ISC and can be used for intelligent design of control operations.

Conclusion: Vector control services should undertake routine insecticide resistance monitoring and adapt indoor
residual spraying rounds to the seasonality of vector densities. Further research is needed on potential animal
reservoirs for L. donovani, on the breeding habitat, and life cycle of sand flies in the ISC.

Keyword: Kala-azar elimination, Vector characteristics, Sand fly, Phlebotomus argentipes

Introduction

Visceral leishmaniasis (VL), also known as kala-azar in
the Indian sub-continent (ISC),' is a parasitic disease that
can be fatal if left untreated.” It is estimated that globally,
approximately 0.2—0.4 million VL cases occur each year.
More than 90% of global VL cases occur in six coun-
tries: Bangladesh, India, Sudan, South Sudan, Ethiopia,
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and Brazil, and 20,000—40,000 estimated leishmaniasis
deaths occur per year.* India alone contributes 50% of
global cases.*

Sand fly members of the subfamily Phlebotominae,
within the Psychodidae family, are the primary vectors
of VL, while Phlebotomus argentipes is the predomi-
nant vector in the ISC,>¢ Considering this, three coun-
tries (Bangladesh, India, and Nepal) have set a target for
the elimination of VL by 2015, with the support of the
WHO.’ This target was revised in 2014 by the Bangladesh
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declaration and now includes Bhutan and Thailand in the
consortium to eliminate VL by 2017.8 One of the most
important tools for VL elimination is integrated vector
control,” used to limit human—vector contact and thus to
reduce parasite transmission. Planning effective national
vector control programs requires a detailed understanding
of the vector characteristics.

P. argentipes is the only vector of Leishmania donovani
responsible for VL in the ISC. Various ecological param-
eters (i.e. air temperature, rainfall, wind speed, relative
humidity, soil moisture, temperature, pH, and organic
carbon)’ are known to influence the oviposition of gravid
females sand flies, as well as the survival and develop-
ment of larvae.' Accordingly, sand flies seek microhabi-
tats offering high humidity and favorable temperatures.!

Vector control activities in the three high burden coun-
tries (Bangladesh, India, and Nepal) focus on indoor resid-
ual spraying (IRS) twice per year, but this is hampered by
many adverse factors such as flooding, insufficient allo-
cation of funds, religious festivals, political events, and
others. The quality of IRS suffers from a lack of high-qual-
ity spray pumps,'? shortage of spare parts, lack of proper
supervision, and poor community acceptance,'* which
often result in sub-standard insecticide concentrations on
the wall.’*!* Use of insecticide-treated long lasting bed-
nets would be an alternative option, as non-insecticidal
bed-net usage is common and treatment with slow release
insecticides would be feasible in a national program; in
fact, it was observed in the three countries that 94% of the
households were using the impregnated nets after commu-
nity-based bed-net impregnation program.'s Nevertheless,
whichever strategy is used, a thorough understanding of
vector behavior and how habitats might change in relation
to climate change is critical in designing and delivering
effective interventions. Equally important is the change
in human attitude toward VL control and the modification
of vector control methods. A systematic review was con-
ducted to address these factors and to identify any impor-
tant knowledge gaps on VL vector bionomics.

Methods

Literature search

PubMed and Google search engines were used to identify
relevant documents. The search terms ‘sand fly bionom-
ics’, ‘sand fly habitat’, and ‘visceral leishmaniasis/kala-
azar vector control’ were used in conjunction with the
Boolean operator AND to identify the country of interest,
namely: Bangladesh, India, or/and Nepal. Grey (unpub-
lished) literature was also searched.

Inclusion criteria were studies on VL vector character-
istics (globally but with an emphasis on Asia) and on VL
vector control focusing at the three target countries (these
documents frequently included information on insecti-
cide resistance). Exclusion criteria were VL vector con-
trol studies beyond the target countries, publications and
non-published documents with doubtful entomological
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assessments (i.e. studies where the study design, data
collection procedure, and analysis were unclear), merely
descriptive papers without analytical components, and
opinion papers.

Results
Out of the 62 papers and documents identified by the lit-
erature search, 51 were included in the study.

Vector of VL (P. argentipes) and its taxonomic
status

P. argentipes, the vector of VL in the northeast ISC, is
also present in many Asian countries where leishmaniasis
is absent. Indeed, it has been suggested that this species
is composed of two or more populations, possibly sibling
species, with different vectorial capacities.!'®

In southern Asia, the taxonomic status of the sand fly
P. (Euphlebotomus) argentipes, which transmits L. dono-
vani, was reassessed because the variation in morphology,
behavior, and distribution suggested that this was a com-
plex of sibling species.!® The putative complex is com-
posed of the nomino-typical members P. argentipes sensu
stricto, P. annandalei'® (status revived), and Phlebotomus
glaucus' (new status). An allolectotype (the type specimen
of the opposite sex of the lectotype [syn. Lectoallotype])
is designated for the female of P. argentipes, as well as
neotypes (a replacement syntype) of the males of P. annan-
dalei and P. glaucus. Morphological descriptions, illustra-
tions, and keys are available for the identification of adult
1719 Based on female morphological
characteristics, P. argentipes, P. annandalei, and P. glau-
cus can be distinguished from each other using principal
component analysis.

P glaucus is widespread in India, occurring sympat-
rically (biological species or speciation occurring in the
same or overlapping geographical areas without inter-
breeding) with P. argentipes in L. donovani endemic foci,
whereas P. annandeli is peripatric (formation of a new
species through evolution) to the type species in Chennai,
southern India.

‘In copula’ is a process of post-copulatory sexual
selection occurring as correlated coevolution of male and
female reproductive traits, which drives species isolation.
This pattern has been implicated in reproductive isolation
among the members of the P. argentipes complex.'®

males and females.

Life cycle of sand fly
The life cycle of the phlebotomine sand fly (P. argentipes)
is presented in Fig. 1.1

Eggs

The female sand fly (P. argentipes) requires blood meals to
lay an average of 32.66 eggs.!” The time lag between the
engorgement to oviposition is not less than six days.?® The
eggs are elongated oval-shaped, pale at first and darkening
following exposure to air with a single black ‘eye spot’.



Figure 1 The life cycle of sand fly, Phlebotomus argentipes.

Within one to two weeks of oviposition (unless weather
conditions become too cold), eggs hatch. The average
incubation period for hatching lasts three—six days, with
a mean of 3.96 days at a temperature of 25 + 2 °C; the
hatching rate under these conditions is 67.8%.!" If weather
conditions become too cold, the eggs enter diapause dur-
ing which they do not develop further. The development
process restarts once temperature reaches sufficient levels
(i.e. around 25 °C)."”

Larvae

Originating from aquatic larvae, the larval stages have
adapted to live in moist soil, where development takes
on average 15.5 days (range 11-29 days)."” The larvae
emerge through a J-shaped fissure and are legless, whitish,
and with a dark head capsule.?! This usually occurs when
humidity levels approach 100%, leading to soil moisture
of ~12%.

The larvae possess a cylindrical, elongated, and seg-
mented body. The first instar can be distinguished by
the presence of two caudal bristles, while all subsequent
instars have four caudal bristles. All larvae feed on dead
organic matter and are often found in cracks of walls
or rocks, animal burrows, caves, or below decaying
leaves. The larvae cannot exist without water in the
fluid form, but water may be bound by capillary action.
The larvae, particularly younger instars, absorb water
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1 =Egg

2 = Ist instar larvae

3 = 2nd instar larvae

4 = 3rd instar larvae

5 = 4th instar larvae

6 = Pupae

7 = Adult male P. argentipes

8 = Adult female P. argentipes

with their food and through the skin.!” In the urban
areas, the larvae are found in the floors, loose bricks,
and rat holes.!” Fourth instars can be distinguished by
the presence of a prominent sclerite on the dorsum of
the penultimate segment.

Pupae

Following the larval stage, the developing sand fly (P
argentipes) enters the pupal stage on floating debris or
near the water’s edge. The pupae are golden brown and
are affixed to the surface of the substrate on which they
develop. Shortly before emergence, the wings and eyes
turn black. The developmental period for pupal stage
ranges from 6 to 10 days, with a mean of 7.65.'7 Adults
emerge just before dawn.??

Adults

Male sand flies emerge about 24 h before females, allow-
ing time to rotate their external genitalia 180° to the cor-
rect position for mating.”* Although there have been no
field studies of sand fly development time, the time from
oviposition to adult emergence at ambient temperatures
is around four—six weeks.?! Adult emergence takes place
at a temperature of 25 + 2 °C. During winter months
(December—February), the development period decreases
with the duration of each life cycle, from 25 to 40 days
per generation.**
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Only the adult female sand fly (P. argentipes) sucks
vertebrate host’s blood, a requirement for egg production.
Both males and females feed on plant sugars. The adults
of P. argentipes are 2-3 mm long and because sand flies
are so small, they have nicknames such as ‘no see ums’
and ‘punkies’. They cannot fly hence display a character-
istic “hopping movement’ and consequently cannot move
more than 106 meters from their breeding place,? though
they have been recorded from canopy of trees.?* Under
favorable conditions, development from egg to adult takes
approximately one month.'®

Habitat and sampling

Research on vector breeding places is cumbersome and
therefore scarce. Only 7.6% of the 144 soil samples col-
lected from human dwellings, tree holes, cattle sheds, and
mixed dwellings were positive for larvae of P. argentipes
and other sand fly species.?”’ In another study in India,
only 12 larvae (19.5% of soil samples) were found on
earthen pots containing scrapings from cowshed floors
and moist sand beds.” In South India, extensive sampling
was necessary to show that P. argentipes breeds in debris
and at the base of shrubs.?” In Bihar, from a total of 204
soil samples collected from adult resting sites in human
dwellings and cow sheds, only 5.4% were positive for
immature P. argentipes and P. papatasi.®® Out of the 40
soil samples collected from various sites in cattle sheds,
13 larvae of P. argentipes were found in the four (10%
of total samples) samples collected from the corners.’!
In a VL endemic focus of Bihar, the highest number of
positive soil samples was collected from cattle sheds, less
in mixed dwellings, and none from human dwellings.*? In
Nepal, the samples were collected from corners, feeding
troughs, and near cattle tying poles of cattle sheds, but
only 17.5, 25 and 30% of the samples, respectively, were
positive for immature stages.* A study in Bihar showed
that intra-domestic soil was infested with two species of
sand flies, P. argentipes (Annandale and Brunetti) and P.
papatasi (Scopoli).

A recent longitudinal study in Bihar (unpublished data;
Vijay Kumar) revealed that P. argentipes could only be
detected in a small proportion of indoor samples, but none
in outdoor samples. This was confirmed by another study
from India with a few soil samples being positive in cattle
sheds and human dwellings.** In summary, on the basis
of larval collections, it appears that P. argentipes prefers
to breed in cattle sheds rather than in human houses. This
preference appears to be associated with the alkaline soil
of cattle sheds. In contrast, P. papatasi prefers breeding in
the soil of human houses with neutral pH.*

Impact of microclimates on habitat

A cross-sectional survey was conducted to find the suitable
locations of P. argentipes in relation to environmental char-
acteristics between VL endemic and VL non-endemic dis-
tricts in India. The above-noted study’s findings indicated
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that indoor temperature and relative humidity were the best
predictors for P. argentipes distribution. The final model
was highly significant (p value <0.0001). Factor analysis
confirmed breeding preferences by P. argentipes. Soil cov-
ered by vegetation (expressed as Minimum Normalized
Vegetation Index), marshy land, orchards, and settlements
showed high sand fly breeding in an endemic region,
whereas water bodies and dense forests were preferred
sand fly breeding places in non-endemic areas (Bihar and
Jharkhand). Soil examinations showed that soil pH and
moisture were higher in VL endemic sites compared to
non-endemic sites. The pH of the soil in breeding locations
was alkaline (range 7.50—8.50, mean 7.84, SD 0.30) in the
endemic site; however, in the non-endemic site, the pH
was slightly acidic (range 6.05-6.18, mean 6.12 SD 0.06).
The moisture content in the endemic site was much higher
(12.2%) than in the non-endemic site, which symbolized
suitable conditions for vector habitation.*® Temperature
from 20 to 24.9° C had a highly significant effect on P,
argentipes density in Nepal.’’

VL infection rates of sand flies

In Nepal, PCR amplifications were made on 135 pools of
P. argentipes and confirmed by sequencing. The infection
rate of vectors ranged from 0.47 to 0.58% for Leishmania
parasites.*

Feeding behavior

Most or all species of sand flies probably feed on plant
sugars, while in general, female Phlebotomus feed on
mammalian blood.!” In nature, most species of insects are
gonotropically concordant, taking one blood meal for each
batch of egg maturation. However, autogeny (the ability
to lay eggs without blood meal) has been reported in other
species of sand flies but not in P. argentipes.* Regarding P,
argentipes, the reports are conflicting; in some areas, more
sand flies were caught biting cattle, while in others, humans
were found to be the preferred host. In West Bengal, dur-
ing the post-DDT era, species showed increased zoophily,
which was attributed to diversion toward cattle by irritabil-
ity to DDT. Furthermore, sampling either from cowsheds
or human habitation gave variable results, indicating that
host preference of P. argentipes varies widely in different
biotopes.*® In Nepal, more P. argentipes were collected
from cattle sheds than from human dwellings using three
techniques, namely: morning indoor hand (aspirator)
collection, pyrethrum spray sheet collections, and sticky
trap collections. In cattle sheds, the mean density of P,
argentipes was 10.21/man-hour, which was significantly
higher than for other recorded species.” Man-hour density
of P. argentipes varied between 5.36—10.96 in North Bihar
and 11.20-21.40 in Patna/Nalanda districts, where sand
flies were collected using standard aspirators.*! In West
Bengal, human blood was isolated from 21.5 and 69.6%
of P. argentipes found in cowsheds and human dwellings,
respectively.** The same was true in case of the bovid



blood index: 97.9% prevalence in cowsheds and 44.0%
prevalence in human dwellings. The study highlighted that
P. argentipes is an indiscriminate feeder and feeds on the
host that is in the immediate vicinity. Another study in
West Bengal showed that P. argentipes was mainly zoo-
philic and exophilic, and was found in the living rooms of
houses both in urban and rural areas, but fed on humans
in the absence of bovines.*? A similar type of observation
was made in Bihar where P. argentipes preferred to feed
on bovine hosts, secondly humans, and thirdly avian spp.*
This was also reported by another study in Bihar where
P. argentipes was primarily zoophilic, preferring animal
bait seven times more than the human bait.* Blood meals
of 304 P. argentipes and 206 P. papatasi, collected from
different biotopes from two VL affected districts in West
Bengal, were tested against seven different antisera by
modified Ouchterlony gel diffusion techniques. It appeared
that the host preference of P. argentipes varied widely in
different biotopes, but was mainly zoophilic (62.80%),
preferring to feed on man as the second choice (24.92%);
however it is also a ‘chance feeder’ according to biotopes
(a usually small or well-defined area that is uniform in
environmental conditions and in its distribution of animal
and plant life). Multiple blood meals are also prevalent in
P. argentipes at a much higher rate than that of P. papa-
tasi.*® However, blood meal analyses proved anthropo-
philic and zoophilic tendencies of P. argentipes.?® Another
study from Bihar highlighted that sand flies mostly fed
on humans, followed by cattle, buffalo, and goats;* these
findings conflicted with another study that was conducted
in same state.* P. argentipes from northeastern India was
shown to be more exophilic and exophagic than previ-
ously reported.?® In Nepal, light traps were used on palm
trees, banana plantations, bamboo groves, paddy fields,
vegetable fields, and mixed vegetation across five different
villages. No P. argentipes were collected from palm trees,
but 1.7 and 0.33 P, argentipes per light trap per night were
collected from banana plants in two villages (unpublished
data, ML Das). This suggests that in India, P. argenti-
pes has adapted to an exophilic and exophagic behavior
probably due to DDT pressure. An entomological study
in Eastern Nepal showed that night biting activity of P
argentipes was at its peak during midnight.*’

Human risk factors for infection

Poor housing conditions, lack of waste management, and
open sewerage at the household level may increase sand
fly breeding and resting sites, as well as their access to
humans. Sand flies are attracted to crowded housing due
to a greater number of hosts.*

A study in Nepal showed that sleeping outside in
warmer months increased the risk (CI: 1.0-4.1; p = 0.05)
of infection.* Sleeping outside was associated with
increased risk (OR: 4.7, p = 0.004) of disease in Uttar
Pradesh, India.*® Unfortunately, no information is available
for sleeping practices in Bangladesh.
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Seasonal variation of vector densities

In Bihar, the maximum number of immature stage of sand
flies in soil samples was found in January, and the mini-
mum in September.3? The emergence of adult P. argentipes
from soil samples was observed from April to October.>
A study in West Bengal highlighted that sand flies were
present throughout the year with minimum abundance in
winter and maximum during monsoon and post-monsoon
months.>' In Bihar, seasonal fluctuations in sand fly den-
sity showed peaks in November and from May to August.
The highest proportions of gravid female sand flies were
captured during May. Of the sand flies trapped, the major-
ity was P. argentipes (72.1% of 52,653 sand flies).” In
Bangladesh, the peak sand fly densities were found in
March. From December to February, the density was low
due to cool temperatures (Fig. 2).> In Nepal, the density of
P argentipes showed two peaks, one during April and May
and another in September and October.*” The seasonality of
P, argentipes is similar in India and Nepal, with two annual
density peaks around May and October (Fig. 2).> Density
of P. argentipes was significantly higher in summer (March
to June) in comparison to monsoon months (July—October)
and winter (November—February).?” Thus, the most intense
transmission of L. donovani in the ISC occurs during two
periods: a pre-winter peak in September—November and
a post-winter peak in March—-May.>

Timing for vector control by IRS
Effective vector management programs are needed mostly
when weather conditions favor increased sand fly abun-
dance, which increases the likelihood of host—-vector con-
tact and the transmission of Leishmania parasites. IRS
involves coating the walls and other surfaces of houses
and animal dwellings. For several months, the insecticide
will kill all susceptible insects that come in to contact with
these surfaces. Accordingly, IRS reduces VL transmission
by decreasing the sand fly survival.®

Timing of spraying is important. The residual activity
of the insecticide must last through the periods of high
vectorial density and hence intense VL transmission or
else the spraying must be repeated. Maximum coverage
of spraying is important to obtain a mass effect, i.e. also
protecting persons in houses who were not sprayed in
that area. According to operational research findings, the
district program managers in India and Nepal reported
that IRS should be carried out ideally before the peak
vector season which is in May and November in India;
April/May and September/October in Nepal; and March
in Bangladesh. Considering this, the first cycle and sec-
ond cycle of IRS should be carried out in February/March
and May/June, respectively, in India, while in Nepal, the
first cycle should be in March—May, and the second cycle
in August-October.’® In Bangladesh, March/April and
August/September serve as ideal seasons for treating the
area with first and second cycles of IRS, respectively.?’
In India, due to technical reasons viz., rainy season,
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Figure2 Seasonality and monthly variation of Phlebotomus sand fly density (Bangladesh) and P. argentipes (India and Nepal)
observed per household trap during night by month: from September 2002 to August 2003 (Bangladesh) and 2006 to 2007

(India and Nepal).

festive seasons, flood, etc., the time gap between the
execution of first and second cycles of IRS remained
too short to cover the rest of the year, also inviting the
situation of vector resurgence at the sprayed site. Hence,
for maintaining the efficacy of IRS spraying, as well as
controlling vector population, IRS should be carried out
at regular intervals of six months®’, depending on the
residual decay rate of the insecticide and the peaks of
vectorial capacity.

Insecticide resistance

Since 1990 and 1994, the use of DDT for VL vector control
was completely banned in Nepal and Bangladesh, respec-
tively, while it is still in use in India. The current synthetic
pyrethroids used for VL vector control are: deltamethrin
in Bangladesh, alpha cypermethrin in Nepal, and alpha
cypermethrin on a pilot basis in India. A study showed
that the vectors in Bangladesh were highly susceptible and
the mortality at 24 h was 100% to deltamethrin 5SWP.> In
Nepal, the susceptibility of vectors to deltamethrin 0.05%
was between 96 and 100% and was much lower (mortality
62%) in bordering areas with India (of Bihar state).’® A
literature survey covering the period 1978-2014 showed
decreasing susceptibility level to DDT for P. argentipes
in Bihar state and emerging decreased susceptibility to
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malathion (in one of the three studies), and deltamethrin
(one in four studies)."

Discussion

The findings in our review contribute important infor-
mation to design an effective vector control strategy in
the three target countries (Bangladesh, India, and Nepal)
(Table 1). Detailed knowledge of seasonal variation of
vector densities, biting time and biting places, as well as
host preferences can improve our understanding of pros-
pects and limitations of certain interventions, and direct
us to tailor effective control operations.

Lack of entomological information in the ISC
Within the Phlebotomine sub-family, two genera (genus
Lutzomyia in New World and Phlebotomus in Old World)
are responsible for transmitting different forms of leishma-
niasis, contributing a huge burden to human public health.
P, argentipes is the established vector of VL in Bangladesh,
India, Nepal, and recently Bhutan.* % However, we iden-
tified an information gap regarding the VL vectors on the
ISC. There is no study on the life cycle of P. argentipes in
nature. The difficulty of identifying typical vector breeding
sites is an important constraint on vector control measures.
Considering the above-mentioned larval studies, it
seems that knowledge and understanding of the breeding
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Table 1 Summary of findings which are relevant for designing the vector control strategy in Bangladesh (BA), India (IN), and

Nepal (NE)

Topic area

Findings

Relevance for vector control

Seasonal variation of « The peak sand fly density was found from March onwards; from
December to February the density was low (BA)

vector density

IRS activities adapted to seasonal
variation

* Sand flies were present throughout the year with minimum abundance
in winter (if temperature is too cold, sometimes no sand flies from
December to February) and maximum density during monsoon and

post-monsoon months (IN)

* Density of Phlebotomus argentipes showed two peaks, one during
April and May, and another in September and October (NE)

Biting times * No definite evidence for Bangladesh

Night biting increases effect of

* Peak biting time of P. argentipes is midnight (IN) LNs
* Peak biting time of P. argentipes is midnight (NE)

Biting places * No evidence for Bangladesh collected so far
* P, argentipes being exophagic and endophagic (IN)
* Definite evidence for Nepal is lacking (NE)

Host preference * No definite evidence for Bangladesh

No effect of IRS and LN on
outdoor biting; vector biting in
cattle sheds reduces man-vector
contact but also the effect of IRS
and LNs

Preference for cattle reduces man

* P. argentipes preferred to feed on bovine blood and as second pref-  biting: zoo-prophylaxis may be

erence human blood (IN)

considered

* P argentipes preferred cattle blood more than human (NE)

behavior of the vector P. argentipes in the ISC is still
incomplete® and often the exact breeding habitats are
unknown. However, it is likely that cattle sheds are
important habitats for producing VL vectors. Therefore,
larvae control activities can be focused on cattle sheds
without ignoring other possible breeding habitats to opti-
mize the effects of larviciding as part of integrated vector
management.

IRS: information needs

Very limited information is available on the impact of IRS
on VL transmission in the three countries (Bangladesh,
India, and Nepal). IRS is an expensive method compared
to other vector control measures® and requires intensive
supervision. In the ISC, IRS has been shown to be very
effective in reducing sand flies when conducted under
strict supervision.** However, it has also been shown
that the outcome of IRS did not achieve optimum results
when applied by national control programs in India and
Nepal.* Recent studies show the poor performance of IRS
in national control programs on the ISC.!*!* Information
on the seasonality of P. argentipes is important for timing
the IRS program. As mentioned in our analysis, India and
Nepal have two annual density peaks around May and
October, while these peaks occur in March and September/
October in Bangladesh® and are positively associated with
temperature and negatively associated with rainfall in both
study sites.®® The multivariate climate model explained
57% of the monthly vector abundance. Considering the
above-noted information and cross-border issues, IRS
operations should be harmonized in the three countries
(Bangladesh, India, and Nepal) to achieve the highest level
of impact. It would be useful to conduct the national IRS
first cycle between February and March (pre-monsoon) and
the second cycle from July to September (post-monsoon).

At the same time, national programs should reinforce the
use of the monitoring and evaluation toolkits, developed
for national IRS operation.”” These were tested in the field
in the three countries and were found to be user friendly."

Insecticide-treated bed-nets: information needs
The use of LLINs is another potential method of VL
vector control, which has proven effective for reducing
VL transmission in Bangladesh.¢®¢” A study in India and
Nepal showed different results: random effects linear
regression modeling showed that the cluster-wise dis-
tribution of LLINs significantly reduced the P. argen-
tipes density/house by 24.9% (95% CI 1.80-42.5%)
as measured by CDC light traps.®® There was however
no significant difference in the risk of seroconversion
over 24 months in the intervention compared with con-
trol clusters, and adjustment for covariates did not alter
these conclusions.® The use of untreated nets reduced the
blood-feeding rate by 85% and human blood index by
42.2%, providing circumstantial evidence that untreated
nets may provide some degree of personal protection
against sand fly bites.”” In Nepal, a statistically signif-
icant correlation between antibodies to P. argentipes’
saliva and the average indoor density of female sand
flies was observed, suggesting that vector densities are
correlated with transmission risk. Additionally, changes
in vector exposure were detected when sera from VL
patients were assayed before, during, and after being
protected from sand fly bites by untreated bed-nets.”
The efficacy of long lasting insecticide-treated nets
(PermaNet 2.0, Vestergaard-Frandsen, Denmark) was
tested in India and Nepal after two years of use against
sand fly vectors. Between 63% (India) and 78% (Nepal)
of the nets that had been distributed among the popu-
lation developed holes over the course of two years.”
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Deltamethrin residues fell from 55 mg/m? to an average
of 11.6 mg/m? (India) and 27.9 mg/m? (Nepal). However,
on the basis of bioassay criteria, all LLINs tested met the
WHO Pesticide Evaluation Scheme standard for LLIN
effectiveness.” After two washes during 18 months of
use, the mean insecticide residues on PermaNet 2.0 and
Olyset Net were 53.5 mg/m? (97.3% of the target dose) of
deltamethrin and 911.8 mg/m? (91.2% of the target dose)
of permethrin, respectively. These residues were close to
the insecticide loads specified by the manufacturers of
the two LLINs.”

Insecticide susceptibility: information needs
The success of any insecticide-based vector control pro-
gram mostly depends on the response of the vector to
particular insecticides. The current available information
regarding insecticide susceptibility for controlling VL vec-
tors in the three countries is incomplete and lacks updat-
ing which would guide vector control services to adjust
the insecticides in use. Therefore, it is crucial to conduct
insecticide-susceptibility assays.

In conclusion, insecticide resistance monitoring should
be regularly undertaken by the vector control services and
IRS spraying rounds should be better adapted to the sea-
sonal variations of vector densities. The research com-
munity should be encouraged to collect evidence on the
potential role of animal reservoirs for L. donovani and
on the breeding habitat of sand flies. This will help better
understand the transmission dynamics and improve vector
control activities in the ISC.
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