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Abstract

Indoor Residual Spraying (IRS) is one of the interventions to control the vectors of Visceral
Leishmaniasis (VL). Different insecticides are used in affected countries, also in the
Regional Initiative for the Elimination of VL in South-East Asia. This systematic review
assesses all available studies analysing the effectiveness of IRS on the key vectors of VL.
The systematic review followed PRISMA guidelines, with a broad search strategy, applied
to seven key databases. Inclusion criteria were studies focusing on 1) Visceral leishmania-
sis 2) Indoor Residual Spraying (IRS) or synonyms, and 3) all primary research methods. 21
studies were included, five cluster randomised controlled trials (cRCTs), one randomised
controlled trial (RCT), 11 intervention studies, also included were three modelling studies
and one survey. 19 out of 21 included studies were published between 2009 and 2020. 18 of
the studies were conducted in the context of the Regional Initiative. Effects of IRS on vector
populations are positive, confirmed in terms of effectiveness and by the availability of stud-
ies. Deltamethrin and alpha-Cypermethrin reduce total sandfly counts, and/or Phlebotomus
argentipes counts by up to 95% with an effect of a minimum of one month. Prolonged effects
are not regularly seen. DDT has been used in India only: whereas in the 1990s a good effect
could be measured, this effect waned over time. Two intervention studies, embedded in
larger programmes in 2019 and 2020, replaced DDT with alpha-Cypermethrin throughout
the study. Combinations of different interventions are not systematically researched, how-
ever showing some promising results, for example for the combination of IRS and Teme-
phos. Constant monitoring of insecticide resistancies and quality delivery of IRS are
confirmed as key issues for programmes. No human transmission data are available to
directly relate an effect of IRS—although modelling studies confirm the effect of IRS on
human transmission. Concluding, IRS continues to be an effective intervention for Phleboto-
mus argentipes control. Delivery requires constant monitoring and quality assurance. Fur-
ther studies need to assess IRS in different geographical areas affected by VL and
combinations of interventions.
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Author summary

Visceral leishmaniasis (VL) is a vector borne disease endemic in Southeast Asia (SEA) and
present in other regions of the world. VL is transmitted by different species of sandflies
and key strategies against VL rely on the control of the vectors. This systematic review
assesses the efficacy and community effectiveness of indoor residual spraying (IRS) in
controlling sandflies and VL occurrence among humans. After a revision of 8822 initial

hits, 21 studies were included in this systematic review.
Effects of IRS on vector populations are positive, Deltamethrin and alpha-Cyperme-

thrin reduce total sandfly counts by up to 95% for at least one month. DDT has been used
in India only: whereas in the 1990s a good effect could be measured, this effect waned
over time. Combinations of different interventions are not systematically researched,
however showing some promising results, for example for the combination of IRS and
Temephos. Constant monitoring of insecticide resistancies and quality delivery of IRS are
confirmed as key issues for control programmes. No human transmission data are avail-
able to directly relate an effect of IRS on human transmission,—although by modelling
studies an effect of IRS on human transmission can be demonstrated.

Introduction

Visceral leishmaniasis (VL) is of particular importance in South-East Asia, with the existent
Regional Initiative for the Elimination of VL seeing a steady decline in cases in the participat-
ing countries Bangladesh, India and Nepal [1]. Whereas the three countries suffered prior to
the Regional Initiative the highest burden of disease [2], the disease burden has reached the
threshold for elimination in Bangladesh and Nepal [1]. Also India is very close to it, and this
success is thought to be related to the Regional Initiative [3]. The threshold for elimination is
defined by an annual VL incidence of less than one per 10,000 people at the subdistrict, dis-
trict, and block levels in Bangladesh, Nepal and India, respectively [4]. A 2012 estimate showed
200,000 to 400,000 reported VL cases from 79 countries and 20,000 to 40,000 deaths annually
in the previous five years [2]. South Asia alone reported 80% of global VL cases at that time,
mostly from the countries including Bangladesh, India and Nepal. Data from a more recent
year (2015) demonstrated reduction in number of VL cases (23,804) across the globe, account-
ing South Asia for 39% (9,249) of those cases reportable to WHO [1,5]. In regard to a longer
term trend, South Asian countries saw decline of VL cases from 77,000 in 1992 to fewer than
7000 in 2016 [5]. Most of this success in reducing VL incidence has been achieved through a
combination strategy of early case detection and treatment, integrated vector management,
surveillance with active and passive case detection, including social mobilisation and imple-
mentation research [6]. The Regional Initiative has been supported by the World Health Orga-
nizations’ Special Programme for Research and Training in Tropical Diseases (WHO/TDR),
with a focus on scientific support [7].

As for vector control of VL, there are several interventions documented in a meta-review of
existing systematic reviews for vector control of Cutaneous Leishmaniasis (CL) and VL [8]. Of
the existing interventions, the most applied are Indoor Residual Spraying (IRS) and the use of
Insecticide Treated Nets (ITNs). Both are applied for both forms of leishmaniasis, CL and VL.
However, the use of vector control methods, and its efficacy and community effectiveness are
continuously under discussion, particularly with changing resistance patterns and with differ-
ent levels of transmission [9]. Fitzpatrick (2017) postulated that post-elimination of VL the
major challenge is to sustain elimination and to invest in remaining areas of scientific
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uncertainty [10]. The questions arise, what is the role of vector control for the control of VL, in
the context of the changes described, and is existing evidence good enough for public health
recommendations?

In this context, this systematic review addresses what is known about the effectiveness of
IRS for the control of VL, in the community. A similar systematic review for ITN is in the pro-
cess of publication. Following the PRISMA statement [11]; the key objective is to systematically
review all available evidence for the control of the key vectors of VL through IRS, with a broad
search, allowing for all study types, but not including opinion statements and reports.

Methods
Search strategy, databases and search terms

In response to a gap analysis undertaken in the above-mentioned meta-review of vector con-
trol interventions for the control of CL and VL [8], this systematic review has been undertaken.
It focuses therefore on the role of IRS for the control of VL. Key difference to previously pub-
lished work is the inclusion of studies with randomisation, but also those without randomisa-
tion, considering that a lot of studies analysing vector control methods have been undertaken
without randomisation processes and in the context of ongoing control programmes.

As a first step a study protocol was established. All searches have been carried out until 17
of October 2020, using the following databases: Google Scholar (considering the database is
sorted by relevance, we screened the first 200 hits only, after establishing that for most of our
searches no relevant hits were found after screening the first 100 hits [12]), Lilacs, PubMed,
ScienceDirect, WHOIlis, WHOiris and PAHOiris.

The searches were performed without restriction to language, publication year or region of
publication. Searches were performed in English with a focus on primary research articles with
no restriction to a specific study design.

1. Disease: “Visceral Leishmaniasis” (MeSH term, where applicable, major topic where
applicable)

2. Intervention: “IRS” or “Indoor Residual Spraying” and its potential variations (MeSH term,
where applicable)

3. Vectors for transmission of visceral leishmaniasis: “Phlebotomus” or “Lutzomyia”

Inclusion criteria were all studies focusing on 1) Visceral leishmaniasis, 2) Indoor Residual
Spraying (IRS) or synonyms, and 3) all primary research methods were included.

Exclusion criteria were conference or opinion articles, editorials, or any articles without
clear primary research methodology. Furthermore, the reference lists of all included articles
were manually searched for additional articles. As for grey literature, guidelines, not older than
5 years, for VL were screened, including reference lists.

All searches performed have been documented, including the selection process. Two data extrac-
tors (CAMQ and CB) independently screened titles and abstracts and applied inclusion and exclu-
sion criteria. In case of disagreement a third researcher (SRR) was involved to reach consensus.

The included studies have been categorised for further analysis into the following catego-
ries: 1) Studies, or study arms, assessing effectiveness of IRS for the control of VL with 1.1)
cRCTs, 1.2) RCTs, 1.3) Intervention studies and 2) All other study types contributing to formal
effectiveness assessments of IRS with 2.1) Modelling studies with estimated effectiveness and
2.2) Surveys with perceived effectiveness and/or establishment of risk factors of VL. We also
aimed to analyse according to geographical regions, due to the different vectors involved in the
context of VL.
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Quality assessment

Quality assessment has been performed using the CONSORT checklist (http://www.consort-
statement.org/) for a) RCTs and cRCTs applying all 25 items of the checklist. For b) other stud-
ies, CONSORT has been used, excluding the criteria for randomisation and therefore applying
19 items of the checklist. Depending on the study design this denominator was set as 100%
respectively. Studies have not been excluded following the quality assessment, but analysis and
reporting reflected the quality assessment.

Data extraction and analysis

Data have been extracted in a predefined data extraction matrix and analysed by author, year
of publication, country/geographical region, study type, methods used, sample size, follow up
period, study arms and interventions included, insecticides used, different vectors, entomolog-
ical outcome indicators, human outcome indicators, reported conclusions, limitations, and
quality assessment scores. Evidence tables and results summary tables were developed for bet-
ter presentation of data and analysis.

Results

Descriptive results

Results of searches. 8822 initial hits were identified on the seven databases (Fig 1: Prisma
flowchart). Title and abstract screening focused on 263 potentially relevant articles, with 223
duplicates. With the large number of duplicates, most studies were identified on PubMed and
equally on Google Scholar. 40 articles were fully assessed. After application of full inclusion and
exclusion criteria, 19 articles were further excluded, mostly since the focus was not VL and its vec-
tors. 21 studies were fully included, with 17 studies assessing effectiveness of IRS (five cRCTs, one
RCT, 10 intervention studies in Asia, one intervention study in Latin America) and further three
modelling studies and one survey. The last two groups were included, although not directly
assessing effectiveness, but informing about the estimated or perceived effects of IRS.

Description of included studies. Time and geographical clustering of included studies. Of
the 17 included effectiveness studies and four further studies, the vast majority (20/21) were
conducted in the geographical context of the Regional Initiative, or even embedded in the
Regional Initiative, with only one study [14] from Brazil (Tables 1 and S1). Furthermore, of
the five cRCTs, four focused on Bangladesh [4,15,16] of which one was conducted in Bangla-
desh, India and Nepal [17] and one further study in Nepal only [18]. The only RCT was equally
conducted in Nepal [19]. As for the 10 intervention studies in the geographical area of the
Regional Initiative, most studies were implemented in India, only Chowdhury (2018) is from
Bangladesh and Chowdhury (2011/2) from India and Nepal [20,21].

Similarly, when analysing the time frame of the studies, the studies of the Regional Initiative
cluster between 2009 and 2020, with two studies from the 1990s in the region [22,23], but
before the Regional Initiative. The study from Brazil was conducted in 2011 (Barata).

Also, the modelling studies and the included survey, are geographically in the Regional Ini-
tiative [24-27], and conducted in the 2010s.

Clustering of authors and groups of authors. Most studies, including the modelling studies
[24,26,27] (India) and the included survey [25] were either directly conducted with a group of
authors affiliated to WHO/TDR, or have been involved with this group and the Regional Ini-
tiative (Tables 1 and S1). For the geographical area of the Regional Initiative only the two stud-
ies from the 1990s [22,23] were not conducted by the group of authors and/or affiliated to this
group. Funding has been provided often by WHO/TDR directly, but also by other funding
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PRISMA Flow Diagram
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Fig 1. PRISMA flowchart for searches and inclusion of articles for Systematic Review on the use of indoor
residual spraying for visceral leishmaniasis control [13].

https://doi.org/10.1371/journal.pntd.0010391.9001

agencies, such as the Bill and Melinda Gates Foundation, European Union funded pro-
grammes, and the Indian Council for Medical Research.

Methods used by the included studies. Of the 17 included studies assessing effectiveness of IRS,
the five cRCTs [4,15,16,17,18] and the RCT [19] clearly specify the methodology used, and in
detail. However, no internationally recognised standard for the methodology is specified—such as
the “extension to cluster randomised trials of the Consort 2010 statement” [28]. Similarly, the 11
intervention studies are not specifying any standard used, and vary in study design, with Interven-
tion-Control designs, Intervention-Intervention designs, and Before-and-After designs.

Furthermore, overall methods in the studies vary as well, since multiple study arms are
applied, mixing different methods. As an example, Chowdhury [21] mixes six methodological
tools, with formal interviews with district VL officers responsible for the VL control pro-
gramme, structured observations of the spraying teams-assay-based monitoring of the bio-
availability of insecticides, quantification of insecticide concentrations on sprayed walls, tube
bioassays for susceptibility of local Phlebotomus argentipes—and monitoring of sandfly
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densities. Some studies, Huda [4] for example, mix different vector control interventions in
one study arm, with the use of IRS and Temephos.

The survey included [25] and the modelling studies [24-27] specify their respective methods,
however no standards for methods are used. Also, the focus of each of these studies is different.
Hasker [25] is embedded in an ongoing VL cohort study and establishes risk factors for develop-
ing VL as a disease, including IRS. Gupta [24] estimates incidence decreases with spatiotemporal
models, in relation to an “intensified control strategy”, including the use of IRS. Hasker [26] aims
to establish the most appropriate “buffer zone” for perifocal application of IRS, and Stauch [27]
estimates transmission thresholds in relation to application of interventions, including IRS.

Sample sizes and follow up periods of the included studies. In general, sample sizes vary con-
siderably between the studies:

Since most cRCT's and RCT have multiple study arms, samples sizes vary also between the
study arms (Tables 1 and S1). Huda [4] for example operates in a total of 8143 households
(HHs) with 36,869 people. However, the study follows up on VL cases, identifying different
levels of VL transmission, and intervening with study arms of “House-to-house active search
for cases with VL and PKDL, implementation of IRS with deltamethrin and deployment of lar-
vicide Temephos”, or “fever camps plus installation of durable wall lining impregnated with
deltamethrin” or “fever camps plus impregnation of existing bednets with a slow-release insec-
ticide tablet”. Also Cone bioassay tests are performed. The HH sandfly density measurement
however is performed in 36 HHs only, in each study arm.

The number of surveyed HHs per cluster is highest with 24 clusters with 120 HHs each
[17]. The RCT has 264 intervention and 92 control HHs [19].

The intervention studies also have massive sample sizes for the overall study and a smaller
subset of HHs surveyed for entomological assessment, for example Chowdhury [21] operates
in districts in India and Nepal, with 116056, 111076 and 5153 HHs respectively, however the
entomological assessment was implemented in 40 HHs in each intervention and 10 HHs in
the control. Different are the early intervention studies from 1994 [23] and 1996 [22], with
smaller intervention and control sites, with for example 77HHs for the intervention and 55
HHs for the control [22].

Follow up periods and measurement vary also considerably, with earlier intervention stud-
ies typically measuring a baseline and a follow up measurement one month post IRS [23].

The cRCTs and the RCT have multiple measurements, mostly a baseline and four to five
follow up measurements post IRS, up to 12 months (e.g. Huda [4]). However, Chowdhury [15]
measures up to 22 months post IRS with nine follow up measurements.

The modelling studies and the survey follow different methodologies and no entomological
measurements have been implemented [24-27].

Outcome measures and sampling methods of the included studies. Outcome measures varied
according to the objectives of the included studies, and study arms (Tables 1 and S1). For ento-
mological indicators the most commonly used indicator is the total number of Phlebotomus
argentipes caught, sometimes total number of sandflies caught. Very few studies further distin-
guish into female and male Phlebotomus argentipes, and even fewer analyse counts of gravid
Phlebotomus argentipes females or fed Phlebotomus argentipes females. Percentage reductions
between intervention and control sites are mostly calculated.

Sandfly captures are consistently performed with CDC light traps, older studies, such as
Das [18] also use manual mouth aspirator methods and compare the methods. Even older
studies, such as Kaul [23] and Mukhopadhyay [22] are relying only on manual aspirator
methods.

As for human disease indicators, these are only very seldom measured, and the indicators
vary: Huda [4] performs house to house searches for fever cases of more than 2 weeks, and/or

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010391 May 19, 2022 6/22


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(panunuo))

%rel
Ly 56 I'L-
eIpuy
%¥6
(8'9-“8°€1-) €01~
ysope[Sueg
%TS
(6°0-“091-) 58~ SE0°0 SPUOW S F-T'0
z ans edaN Jur[aseq {[01U0D SNSIAA ST ut anfea d TedaN ur utryrowrad4> eydry
%ES (00°£1-89'8) ST'ZT (L¥'01-00'%) ¥1°9 elpup Ul 1ad
(€' °4'92-) L'0T- squow ¢ syuow g ysape[Sueg ur umpoweIPQ
12us [edaN (1L'21-L6'9) 1761 (zeT1-v5'6) T€Tl Sur-sod ysapejdueg ur syiuow SY 10 S123S0[> 9 (PIM
218 U2IMIDQ sutpseg auipseg 9 pue [edaN pue BIpU] UT SYIUOW § Y ‘SI2)S0 $7 Ul HH 071
%HTI-TG USIMIDQ UOTIRLIPA (%56 1D ((%S6 10 pue) sadyjuasiv ‘S1 03 sond duraseg TedaN
5T7/91 M ‘96F"7L SIUNOD UT UOHINPRY pue) den 1ad parmdes sarpues [elo], den 1ad parmdes sargpues [elo], SnuL010q2Yd (s1y8u g) sden 1Sty DAD/Ansuap Ay pues pue eipuj ‘ysape[Suegq ID¥2 [£1] 600T 1ysof
(1'0-0°0) 0°0
(0'1-9'0) 8°0 ueaw £oAINS H-g
ueaw £2A1ns p-g (Fz-20) €1
(67-11) 81 Jurpseq
Jurpaseq (1D pue) uonexndse
(1D pue) uonexdse ySnoxyy paxmdes sadyyuadin g
ySnoxyy paxmyden sadiuaan -q (€1-€0) 90 £00T
6P-11) €T ueaw £aaIms y-7 “dds uyiowsad4s-eydpy udy 0} 9007 12qUI2A0N
100°0> ueaw £2AINS -7 (€°02-09) 0°'TT vifuiojuadias SYI-150d SYIUOW G pUE $YIaM F ‘SoaM T ‘syuRIqey 6569 pue SHH
16£°0 (6'8-9€) L'S aurpaseq asvvdvd Sy1 03 1011d $¥j3aMm 7 durfaseq SEET YIM SIS FT
6000 Jurpaseq (1D pue) -d ‘sadiuaiv uonexndse uonons SueIopy pue esung
ST/IL 0£00=d | (1D pue) den 1ad parmden sadiuadiv ‘g dexn 1ad paxmdes sadyuadiv “q SnuL010qaYJ ynow prepueys pue sden 1ySi HAD Tedan 1092 [81] 010 Se
601 09
sypuow 71 sypuow 71
59 6T1 uondIod
squow squow g 10134 10] PANI[AS
o¥et 19¢ 219M HH 07T “(s1)sn[2
syuow syuow § $7) s1asnp orydeidosd
(STT-60'T) LS'T 15 8 9 Ojur PapIAIp sem afe[a
(Z€0-¥1°0) 170 syuowr ¢ syuowr g yoea ‘sage[[ia 0 Ay
(S€0-L1°0) ¥T'0 - - uLyawelPq wouy paafas Ajwopues
(9%7°0-50°0) ST'0 uow | uow | syI-1s0d syuow 71 pue 21om sage[[A
- €9 65 SUIUOW G ‘SYIUOW F ‘SYUOW T YIuow [ 1y PSP
(14'1-0£0) 660 sutpaseq Jurpaseq sadiuaSiv “Sy1 01 1011d durfaseq ySursuswApy ‘erreqy [o1] 1/110T
SZ/91 (soney ey ur afueyD) I9H) pamden sadiuadin g (o], paimde sadiuadiv g [e1o], snui0109ayd sden 181 DD/Ansuap Afy pues ysapejueq 10U Amypmoy)
(20'T1-7L'8) €86 auop JoN
syuow 7z syiuow 77
(76'12-69'81) LT'0T Quop JON
syyuow g syyuow g
(TLs-11'7) L8 (€TT-¥5°0) €80
sypuow g1 sypuow g1
(ETT-¥5°0) €8°0 (62°0-20°0) T'O
sypuow HT sypuow y1
(95'7-€1°¢) 8¢ (19°0-91°0) €€°0
spuow 11 stpuow 11
(80°C1-69°6) €8°01 (€5¥9-T°¢) LL'E
syyuow /£ syyuow £
(I7°€1-68°01) 121 (9L'T-L9'T) LI'T
syuow ¢ syuow ¢
(€8°€-€57) €1°€ (99'0-81°0) LE'0
‘pourad sypuow g1 © 03 dn oz°0 pue syuow syuow §
98°() SEM UOJUIAINUI Y3 210J2q (IT'1-9%'0) €£°0 (6€°0-50°0) L1'0
pue 1aye sjunod Ay pues sadiuafin uow 7 uow 7 AM § unyewpdAn eydpy oes st 9
“d JO (YY) one1 je1 3y pue (8'TT-¥¥'6) LS0T (18°T1-S€°01) €5'TT Sy-Isod syjuowW | qIm SUONdIS O UT HEH S
Juswamseaw Jo syurod JuaIoHIp urpseg surpaseg T2 PUr 8T ST BT 11 °L S b 2 :dn mopog Pusip
31 1B 908 O} %1 SeMm SINISUIP (HH (HH 12d :2191) sadiuadiv $91 03 1011d durpseq ySursuaw ‘erreqny [c1]
Sz7/81 101234 A[J pues Jo uononpaI Ay, 1ad:a19) paxmides sadyuadiv *q [e10], pamden sadiyuadiv g [e1o], SNUL010qa1YJ sdexn 1S DD /Aisuap Ay pues ysape[Sueq ID¥2 | 2107 AmypmoyD
8L1)L1T (€8°0) 9€°0
sypuow 71 sypuow g1
Orn et (#0'T) 69°0
syiuow syyuow ¢
soydawa /gy 10§ dn (160 18°T (€80) ¥9°0
-MO[[0] YUOW-ZT J& 9§/ SeM Junod sqpuow 9 syjuow 9
Aypues sadijuagiv g a[ewa) yo (L8°2) 6€° (D €0°T
9JRI 20UIPIOUI AU UT UONINPAT Y], syuow ¢ syuow ¢ e
(Tr'1-€9°0-) ¥O'T - (¥S'7) 85T @D 180 (T01/Tw  *O 0 soydoway) SIS 221} UL HH TT
(L8°0-‘9%'0-) 89°0 - uow | uow | apwiate] jo yuawifodap pue ‘UraWEIRJ [BYSILY, :[01U0D)
(91°T-“19°0-) 07T - (€£°0) 770 (€6'0) L90 SUOIS3] UDYS 1] TAMd 10 ‘SY2am Sur-sod syyuow g1 pue eLIeqIn] {UONUIAIUL
(€6'9- VT'T-) 66F - sutpsegq auipseg 7 UBY) 2I0W JO S35 J2A3J PAYTUIPI SYIUOW 6 ‘SYIUOW § ‘SYIUOW ¢ “YIUOW [ 1y 1o1s1p ySursuaw
(€T°€-“LL°07) 00T - (s “juo apeway (s “Aquo aeway :a19y) 10U 2ARY SJUBPUANE SOST PUE HH sadiuaSiv Sy 01 1011d durfaseq [eYSLL], pue eLIRqn]
szt JUn05 w0 3R 219K w2x0p) pormydes sodiuaSiv d [e30], pomydes sadiuaSiv - o], 665 LM $IYOIES 3STIOY 03 3STI0Y T snuoj0qapyd sdexy 1481 DAD/Asusp A pues ysopeSueg 10w [¥] 6102 epnH
S104H0
sioyyne
3y} £q 531008 ansexed jo
1onpa 33 Tonuo) UOTJUIAIIU] SI0JEIIPUT sa1adg /103997 ASoropoyloly Anuno>
Ayrend) | s103ed1pUT [Ed1S0[0WIO)UY :S)MSAY s10jed1pul [edrSo[owojuy :SIMSRY es13o[owojuy :s)Msay SI0)EIIPUT UBWNE] :SINSIY Jo sapadg Ie)op UI SUOIUIAIIIUY/ SuLTe Apnig dn-mofjog /az1s sydureg /2d4y Apmyg <aeaf Toyny

*3[qe) J[NSaI SYI Areurwing I d[qe],

7/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(ponuguoD)

‘057" L1 PUE %9'F U22M]2q PaPI0d2T
sem g Y ‘SyI-1s0d ruowr

13U} 18 pUe ‘%6°9F 0} %1 °0F WOy
paduer gy1-1s0d skep g1 ay 18
Ay pues 2t ‘sae[qia uonuaATIUL
oY) UT punox SYI- LA 3P U M
“%6°E 01 9% €€ woly pauer

WY Ay ‘Sy1-1s0d syiuow ¢ 1y
“sy1-1s0d yruow 1 0y dn 10y sadefqia
padkeids-gs ur paurejurews sem ¥y
A pues ay) Jo (96°68 wnwirxewr)
%S°18 JO WNWIUIW ' *069°p6 PUe
516 usaMIaq paduex Y Afj pues agy
“(punoz gs) sy1-1s0d skep 51 a1y
(TT0 = d *£'T> =3) SUOHII[[0> YT
-1s0d uow-¢ pue yruow-1 ay) ur
PaAIISqO SEM 2OUISJJIP JuedyIuSs
ON 'spouad SYI-1.4d 10F (S0°0> d
'€ =1) suonda[[od Sy[-1sod skep g1
Y} Ul PIATISQO SEM DUIIIP SIY L,

(100> d ‘9% =1) (-0 8t (081
Su0N2[0d GY[-Is0d syruow ar-nre (T-0) L1
€ pue ‘quowr [ ‘skep g1 ayy Surmp (or-1oe (T-0) €T
safe[qia pakexdsun (F1-1)5°€ Ly
pue pakeads gg ut papafod (1St (8-1)sT
somISUSp sadijua%ip - U1 PaAIISO squow ¢ squow ¢
SeM 2DUAIIIIIP JURIYTUSIS 7 (91-1) €°€ (z-0) 50
Tee @-nre (1-0) 0
6'¢h- (8-167T (z-0) 90
9'8¢- (Tr-noe (01-D¥e
L6l 6-nre (8-1) 21
91 puowr uow |
sypuowr ¢ (01-1) 6T (0-0)0
658" @19 Te (0-0) 0
S8 (81-0) LT (0-0) 0
TP F1-0)¥'e (G X34
L (8-1)9¢ (-0 71 "910 03 S10T
9% skep 61 skep g1 wo1j 183k Yors 931] TezZe-R[RY] SWEdIq ()owrresdoxd gy ur
puow (€1-0) 7€ (FI1-1) €€ safe[ia pardajur TA £ 98erone uQ “(zu/Bur 67 1 9 winpawiradAoeydye) | jou Orwapua uou) aeqa
S'16- r-gese (Tr-n e "9T0T UT %8'8S 03 10T UT %9°CT Wwoly ds uayy skep g1 Is1yy atyy 105 pasn Toxjuod ur dues ‘sad4y
806" F1-1) 6T (9102-1) ¥ PASBAIOUT SeM 9)BI UOHINPAT 5B AT, sem 1, ‘punol puodas ayy uy “(zw/3 1jo | HH € Jo yords woy HH T
976~ (c1-D €€ (61-1) '€ | "9T0T UI THT 01 FTOT UT 78T wioxy saSeynia a8esop e1e 905 dM) LA Sursn pawwrograd | yym a8eqpia vonuaAIRIUI
05~ (6-1D€T (-0 ot SIwIAPUI PUe 9TOT UI €91 03 FIOT Ut SeM ST JO PUNOI 1811y 341 ‘ST0T Ul U0 JuASSISSE
699 sutpseq aurpseg $99 WOy PaONPAI 1M SISED TA "910T ‘spenbs g1 991 Sursn Ajenuue [ea18o[owolud Jog
shep g1 (SY Jo punoi yoea 1aye (S¥1Jo punox yoea sayye dexy Ul 12818) UOHEUIWI TA AU} PAAIIYIE sadiuaSiv pauriojrad 219M G JO SPUNOI OM], | TeYIg JO IDLUSIP T[EYSIEA Apmis
81/S°€T a8ueyp adejuadiag den 1ad) parmden sadiyualuv g [er0], 12d) parmydes sadiyuadiv g re1o], PLNSIP I[RYSIEA 343 JO $Y20[q 9T [V snuio10qagyd den sy oan eIpuL UONUIAIAU] [£] 0z0z rewmny
esy
SATIPN)S UONUIAIIIU]
L9€T
9%9 stpuow 71
sypuow 1 €8¢
w9l sipuowr 6
sqpuow 6 9¢'e
weT syjuow ¢
sqpuowr ¢ SLT
(L8%T-L7L1) 6T1T 96'1¢ puowt utypwepPq
(z6'8-11°€) T8°S uow [ 1T SdI (Apmis oy
(98'L-L1'7) 20°S 679 sutpaseq -150d spuowr 71 pue 6 ‘¢ T 12358 dn-mofjo HH 26 [onuo) |  joyred [onuod
(T0'T- — €T6¥-) €1'ST - aurpseq 1S sadiuadiv Sy1 03 101 durpaseq HH $97 uonuaaiauy 101294 3Y]) 10§) [61]
sz/sT 1D%S6 pue afueyD 1yBru/HH 1od parmdeo sargpues [ejo], | /HH 1od parmdes sargpues [e1o], SNuI010qaYq sdexn 1ySi DD /Aisuap Ay pueg Psip eides Tedan 109 6107 exelueg
ke).8
sioyine
ay) 4q sax00s aysexed jo
1onp d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Anend | szojedrpur pesrSojowojuy :symsay s10)e21pUI [E150[OWOIUY SYMSIY ea180jowojuy :s)msay $10)JE1PUI UBWIN :S)NSRY Jo sapadg [1BIOP UI SUONUIAILIU]/ SULTe Apn)§ dn-mofjoy /az1s apdureg 2d4y kpmyg <reak Toyiny

(ponunuoD) I 3[qeL,

8/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(panutjuop)
€Tt (44}
syuow ¢ syuow ¢
L1z 66 1aa safe[a
yuowr | yiuow | SAT | 91 UI HH [2unuas 96 m
(100°0 = d) £[uo gy1-1s0d Yruow 0 0 -150d yuow 7 pue yuows | 1aye dn-mofjog $1OLNSIP JIWAPUD TA §
1 18 351%2 Sa3e[[IA SY[-UOU pue S| Jurpaseq Jurpaseq sadiuaSiv U0N23[[0D dut[aseq ON 1aa Aprus [og]
SI/STT | Y} UaMIAQ SDUBIAIP Juedyrusig paimdeo sarpjpues [e10, paimde> sarpjpues [e10], snui030qagyd sden 181 DD/Ansuap Afy pues Teyig ‘erpup uonuaAIAIU] S107 ueWa[o)
%LL 98 - %6TF UIIMIA] ST ST
10§ UONONPaI-JUdIAd PaAIISqO A,
(8'€01-T°C1) T0'8S €1 YUOW
(6'78-129) SS'€L TT YIUOW
(9'16-8'6€) SL'S9 11 YIUOW
(S'€8-L7T¥) 99°79 0T YIUOW
(6°T8-T'6¥) T1'99 6 PUOW
(¥'86-7'69) 88°€8 8 PIUON
(8'76-T°0L) ¥ST8 L UOW
(8'96-7'89) §9'78 9 YWUOW
(0°05-0'02-) L6'F1 § HWUOW
(6'871-9°6£2-) £€°59—F YIUOIN anduesig ut onuo)
(6'69-6'15) T0'6 € WUOW orsuadsns 1.ad %S andeziy Sy 104
(0'26-L'TL) 0F'T8 T PUON SYIUOW G J0J SJUIWAINSLIW A[YIUOI papnpul 219M SHH 00F
(8'76-9°0L) SL°18 T PIUOIA saduadip surjaseq unsip mdnseuwreg Apmys
81/€1 | Ansuap Agpues Jo uononpaijuadiag snui0109ayq sdexn 181 DD pue anbruyda J, uonendsy eIpup UOTUIATUT [€] £10T Tewmy]
(LOFIFHTI) 6LL F 9F01 (6L'LFL8€) 6L'S F€8'S
syuow ¢ syuow g
(9THIFLTL) 05'L F9L°01 (0S°LF9€°€) 19 F €7'S
uow | uow |
(SSTIFI8Y) LETT F 1L8 (0€°9FTH'T) €L'S ¥ 9€F
sutaseq surpaseq
(as (as pue)
puv) dex 1od parmydes sodiuaSiv dex 1od pamydes sadiuaSiv g
ey 194
syyuow g syyuow g SIISIP
99% 201 § Ul HHH 9€ [o1u0)
puow | uowr | dM S uLaurepq (seqizedn) s)oLnsip
€L9- 09% 0€6 Sg1-¥50d sqyuow ¢ pue U0 1y 8 UT HH 9¢ UONUIATNU]
19°7C - aurpaseq aurpseq sadiuadiv Sy 03 Jouid $ypaMm 7 durjaseq 1oLs1p ySursuswA Apmis [oz]
81/S¥1 uononpar afejuadiag pamden sadiyuadiv g (o], pamden sadiyuadiv g [e1o], SNuL010qaYq sden w8y DD /Ansuap A pues ysape[Sueq uonuaAIIU] | 8107 AInypmoyD
Apueoyrudis 1ap1p
jou op sage[[IA pajeaLjun pue pajear)
-S¥[ uryIm dduepunqe sadyuaSiv
*d 2ATIe[a1 15933ns (7 pue fyoreasax
snoraid oy a[qeredwod aduarapaxd 150y
pue ‘wonnquusip [eneds @ouepunqe
aAne[PI A[iuour safeqqa (erpuy) andregeznpy pue
sadijuaSiv -q Suipredai eyep [eorSojooa ZS611 uereg T1 ULSY29M £ 19A0 UONII[0d APfaamIg |  uereg :s191sp teyig om)
apaoad (1 Apmis sty o synsax ayy, 8897 andregrezniy sadnuadip aurpaseq oN ur sage[[ia g :1s Apmg Apmys
S1/S°€T pajuasaid jou safef[ia pajeasyun jo ereq uonda[0d sadyuadiv ‘q [0, snu030qapyq sden 1yi; OAD/Asuap Ay pueg eIpup uonuaAU] | [z€] 810 3Yy20d
(s1-)5'8
syuow ¢
(c-1) L1t (-0 €T
syuow ¢ uow |
(€1-9) £'9 (0-0)0
uow | PaM 7
(1-€)8'9 (1e-1) s°01
HpPaM 7 Jurpaseq
©r-nse SYTJo punoi puodag
surpaseq pamden sadiyuadiv g [e1o],
pamden sadiyuadiv g [e1o], (91-1)S'6
(02-6) L'6 syuow ¢
stpuonr ¢ (F1-1) 59
9'SS - B1-1) €8 puow |
£99- yyuow | ¥1-9) 29 (%)
§06 - (0z-8) 76 SRaM 7 proxyai4d snaypuds Sy Jo punos puodag
- M T 8T-1) T¥I (%0S) LAQ :$¥1 Jo punox sty HH 9 [onu0D
6°ST - - e aurpaseq SUI-I0d SHUOW € PUE FUOW [ ‘M T 1Y HH T1 uonuaamup
%€ - Jurpaseq S¥IJO punox Isirg sadiuaSiv Sy 01 1011d $)aM 7 dur[aseq PINSIP I[eYSTA Apmis [e€]
81/5°1 wononpax 38euRdIg poxmdes sadiuaSiv -4 o], poxmden sadiuaSiv - 1oL, snui0joqapyd sdex 1481 DAD/Asuap Ap pues epuy wonuaAI 610 [ePUeIN
sioyine
ay) 4q sax00s aysexed jo
1onp d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Anend | szojedrpur pesrSojowojuy :symsay s10)e21pUI [E150[OWOIUY SYMSIY ea180jowojuy :s)msay $10)JE1PUI UBWIN :S)NSRY Jo sapadg [1BIOP UI SUONUIAILIU]/ SULTe Apn)§ dn-mofjoy /az1s apdureg 2d4y kpmyg <reak Toyiny

(ponunuoD) I 3[qeL,

9/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(panuguo))
*3)e)$ Ieyrq Ul Ieze-e[ey Jo
UOTRUTWI[? [210) JOJ [EUISSI DTE SISLD
Jo yuaunean 1adoxd pue s1eak a1y 0}
dn spnstp orwapud ay) [re ur a8e1as0d
asnoy pood yim Aexds 1, jo spunox
om) ‘Bururen pue Sunoyiuowr radoxd
QI “2wn pajendus ut Jnsa1 passap
31} 3A31YE 0} [enUsS3 s1 uonerado
Buikeds jo Sunoyuow ySnoioy) pue
Arunwwod ayy asnisuss 0} saNIANIE
OFI 2y uayiSuans 03 pasadsns sty
suoendod
Ap pues Suronuod ur 2ANdYP3 ST LAA
PLISIP
andrejyeznjy ur dUIIIP JuedyTUIS
ou sem 2197 pue $LSIp ueredwey)
1sey pue ueies ‘Ieyste ut sporrad
Aeads-1sod pue -a1d Surnp sargpues
J0 Kysuap ayy ur dua1agIp uERdYIUSIS
‘spLsp Apnys
ayy ut eyep Leids-a1d 0y paredwod
usym A[qeaspisuos paseardsp sadijuativ
- 30 xoput asnoy ayy Surkeads 1oy
“A[renaed pasnyax 949°6 pue suoseax
Jua1agy1p 0 anp Suikexds sty pasnjax
A[[e10) SBY 048'F “PIUTUILXD SP[OYISNOY
00S a1 Jo 1o :aouerdadde Arunwuror
'9007 1qud3(] Yim uostredwod
Ut £007 19quIada(] JO uowr
3y Ul $25© JO 2DUIPIOUL Y} UI ISLIOUT
UMOYS 2ABY JeY) SIOLISIP I[BYSTEA
pue andreyeznjy ‘uereg ‘esreyes
Y1 SPPLISIP DIWAPUS M3J I 1Y, ur safe[[ia oW 611 onuod
5110} JUSWUIIAOF 1aa spLsIp ueres ou oye
pue sanianse O] yim pajdnod Aeids sy-1s0d syyuow ¢ pue yyuow | pue ueredwey) 15eq pue s1053g
LA Y3 191Je PIdnpar sased Teze-efey sadualiv SYI 0} 1o11d aurpaseq <mdrejrezniy ‘eyse Apmys
8T/T1 JO 2UIPIOUT AY) ‘SIVLNSIP P} JO JSOW UT Snu030qagyd poypow 1ojeridse prepuels erpuy uonuaAIN] | [67] 6007 Fewny]
Lrres (L-re)s
syjuow 9 syjuow 9
(86-77) 89 oo
SpaM SpaM
(98€-T£7) ST oo
SYPIM T SYPIM T
(TsT-191) €0 (S'T9-L'L¥) 875
sutpseq Qurpaseq
yepres redaN yepres redaN
©%-T1 ST 6-¥1) 8T
syjuow 9 syjuow 9
(§9-€7) 0% LL1e) 0§
YoM F oM
(s9o-T1)0°€¢ (8'2-00) S0
M 7 PaM 7
(£01-19) 52 (FO1-67) €L
sutpseq surpaseq HH 0T [0nu0)
rresung redan tresung redan HH 0% UonuaAzajup
(67-%0) STT (£7-01) €T aTe Yora Uf
6789 - sqyuow 9 sqyuow 9 800 2un(-[udy ut
8- (5'8T-8°0T) €71 (L01-1'5) 'L ‘sowrwresgord jonuod-TA
€LS6 - SYIM § SYIoM § [euoneu ay) 4q ‘pakexds
69 (9L1-1°01) S°€T (9s-21) €€ 210m sa3e([ia £pnys oy,
yTLl SYam g YoM ¢ urrgiofeyAo-epquie :edaN HH €516 {im Lesung
€0'1E - (6'51-8'8) T1 (8£7-05€) 7 1opmod 2qenam paseq LA BIPUL | HH 9L0'TTT PIM 1qe[es
9679 - Jurpaseq Juraseq SYI-150d SyIuOW 9 PUE $YIIM F ‘SHIIM T 1Y redan
9g°GL - erpup erpup saduuaSi ‘SYI 03 101xd syPaM 7 dutjaseq | HH 9S0°9TT UM I[eystes Apms [12) zt0z
81/5°01 orTal- den 1ad paxmdes sadiuadin -q dex 1ad pormdes saduaSiv -q snuiojoqapyd sden 181 Hao/Aisuap g pues erpuy wonusAIaI] AmypmoyD
sioyine
ay) 4q sax00s aysexed jo
1onp d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Aypend) | szoyestpur [esiSojowojuy :symsay s10jed1pul [ed1So[owojuy :SINSIY es18o[owoyuy :symsay SIOJEIIPUT UBWINE] :S)NSRY Jo sapadg IEI9P UT SUONUIAI) U]/ surte Apnig dn-mofoq /az1s spdureg /ad&y Apmg <reak goyiny

(ponunuoD) I 3[qeL,

10/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(ponuguoD)

eXLWY YInog

‘(dds “dds 1aa HH ss eandioyg
vidwiojualiag 95001 puv 1svjvdod vidworuadiag Sy 180d s yiuow auo 1y [onuoy
“(saduyuadiv q %L'16) | d %0 ‘S2d1uativ g %0) sa1y pues “svppdod dufaseq oN HH £L preqefmys
SaIJ PUES GOE JO UONII[0 [OUOD) 1 J0 UODPa[[07 ‘uONUAAII] - ‘sadiuoSiv 921910 pue wonusaIaI] Apmys
81/5°S uond3a[[0d Apues [elo], uond3a[[od Apues [e10], snu030qayyq “s§ur[1e2 ‘s191102 YIep WOy $3qN) UONING erpup uonuaAIAIU] [€2] p66T e
1
9 1
1 T1 puow
T1 puon 1
o1 0
0 11 [puoy
11 puo T
o1 T
0 0T puo
0T qpuo T
[ 0
T 6 PUOW
6 PUOW 0
€1 0
L 8 Iuo
8 [PUoW. 0
91 0
4 LPuon
L PUuO 0
91 0
4 9 ruon
9 PUonW 0
0T 0
0 S puow
S [puo 0
14 0
0 P puonw
¥ puon i4
T 0
0 € PuoN
€ [PUoN 0
o1 0
0 T puoN
TpuoN 0
0 0
0 T puon BpepmN
*SBAIE [01)UO AU} UI PAJOU 1 quuop 09 1aa pue IpnseLe(] Jo
SEM SINISUIP J0JI2A UT UOTINPAI 91 or sjuswIMSEIW Auour 7 J9[WRH :SBAIE [0XIUOD)
S1SEIP ON] "SEAIE SUONUIAIIUIL 9z surpasegq “‘sy13s0d ¢ y2am pue 7 yoam 1oy dn mofjog | eredeajey)) pue pnseue(]
ur p661 dog 01 dn sadojorq surpseg soBe[ia uonuaAIAUT OM] U] 1soyodod surppseq oN | Jo 1 19[wel uonuaAIRI]
[TE UI [2A3] 013Z JSOW]E 0} PaONPaI sage[[ia [01U0D OM) U] saduuaSiv -d ‘saduuaSiv W81 Yooy eSuag 19 Apmys [z7) 9661
81/5° sem sadiuaSiv g Jo Ksuap oy, sadiuafin - Jo sanisusp Moy ue - JO SANISUSP 1NOY UBY snuiojoqopyd pue uoneadse woyPNs YInow prepurlg erpuy wonuaataly | AeAypedoyyniy
sioyine
ay) 4q sax00s aysexed jo
1onp d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Anend | szojedrpur pesrSojowojuy :symsay s10)e21pUI [E150[OWOIUY SYMSIY ea180jowojuy :s)msay $10)JE1PUI UBWIN :S)NSRY Jo sapadg [1BIOP UI SUONUIAILIU]/ SULTe Apn)§ dn-mofjoy /az1s apdureg 2d4y kpmyg <reak Toyiny

(ponunuoD) I 3[qeL,

11/22

May 19, 2022

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010391


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

(ponuyuoD)

"L10T 12qua3-5107
UOIB U2IMIIQ T[EYSTEA
UT PI}I9AR JI9M $3SD [£(°T URTPIW
*$1OLISIp drwapud A[ySry 19yj0 ®35388ns suonenus Ppoyy opd
ur pajoid aq pnoys yoeoadde sty a Surmp e pue jopd-axd saySiy
$15988ns pue reysteA UT S QUINT 5B YI9T SBM 535D S T[eYSIeA
TA U 2UIPIp 1a)se) & parendiaid aaey ur auIPIp Jo e Ay, *(6) 1opid opid oy 4q
Aews saidarens jonuod Suruayiduang 2y Surmp snsiaa (sp10s1p Suntodax PaLIAAE $35E JO JIAqUINU 3Y) PAILWIISI pue
“duapIUL ¢¢ Jo 10 3s2yB1y pig) joqid-a1d “Jopows [erodurajoneds e yim 2102 22
2onpaz Apuesyrusis pmod Lyfenb oy a8ueypd e pamoys s1aquinu ased A[yuow sisA[eue satias awm pardniiaur ue eia reyig 017107 ue( :dn-mojjog
uonuane [eads Y pue uonEUIqod JO SWIB) UT SIHISIP 1WAPU § Ty UL SIPLSIP 19410 0) [[BYSIEA U1 9SEI0p | BIpU] “Ieyi] JO SILISIP Apmis | 2] eput ‘0z0z
S1/E1 wr parjdde usym suonuLAISIT SunsIX Suowe yuex s J[eyste A ut safuey) 25uapIUI Jo 161 Yy paredwod sioyne Ay, 8¢ Jo 100 ¢¢ :ay1s Apmg Suyppo “[e 10 eydng
sarpnys Sur[Ppoy
*20U0 JsE3] JB
pakerds uaaq Aparrodar pey spjoyasnoy
118 JO %z A[uo ‘(1eak [y o) ‘uoneyafaa Surpunoins ay pue
10§ PAIVI[[OD JIIM BIBp YOTYM 10 Teaf 9SNOY Y} JO AIMINNS Y JO SINSLINIBILYD
15[ 9) 6007 U] "1ood sem afe1aa0d SYT PIPIOIAT IM PUE ‘S[EWIIUE DNSIWOP
“S1I PaONPaI Yiim pajerdosse Surpnpur ‘pjoyasnoy yoea £q paumo
SEM STIEJS JTWOU001908 JYSTH $1955€ INOQE UONBWLIOJUT PIIII[[0 OS[e
Apnys Juanax sayoue (0751 1D %S6 ‘ST [MO) M ‘600 Ul £9A1NS PU033S AY) JO AW AY) 1Y
Ul PAJUSWNIOP SeM YIIYM ‘SIBUESTA! A JO [0U0d onei sppo) afe jo s1eak 1-g UAIPIYd ‘sxeak G|
Aq axes> yypeay Suppaas ur skepp | 19apye Apamisod Aew yuswiutano8 | 1oy 1saySiy pue ade jo s1eak ¢> uaIppiyd Jo pouad [edax e pasn £ay) ‘Aaains 1511y oY)
Suo] aq p[nod 103-2ef YaNs Q) “3[01 werpuy ayy Aq paypune| 10} 153M0] M T A BUIARY JO SPPO 104 “Aaans snotad ayy adurs proyasnoy
® £e[d £]qeqoad s1030§ 19y30 Inq MO suerd Sursnoy ‘sny 103y | 3y 23e yim pajerdosse A[uons sem TA 3} UI TA INOQE UOTRULIOJUT P3)I3[[0d ‘0102 PU® 600T ‘8007
pa[ni 2q Jouue> Surpunoyu0> [enprsax 3511 198uoms st ursnoy 100g -uonemdod ose Ao “Aoamms yoes uf Aoamns oqy | o 190 pue dag ut skoams
swog yuesyruis A[esnsnels paurewar ‘SUOTIUDAI UL 000°001/8°TL JO 2UPIOUI [enUULR Burpasaid rea ayy ur Surkexds spronasur enuue 22117 :dn-mofjog
UONEIDOSSE A} ‘SNIRJS IWOUOIAOI0S syads jueirem o) ydnoua aferoae ue 03 Juageamba ‘sases 1A £L0T [enpIsaT 100pur £q Pazaa0d U23q pey eIpuy “reqig
4q Surpunojuod 10§ pafjonuod am | Suoxns JoOu e Inq SI0}OEJ YSLI ATe parasiSar am porrad £pmis o Suring 25NOY A IYIIYM payse £ “A[[euonippy Jo omsiq andregezniy Apmys
1a35% UaA2 Inq “100d a1y Jo 1s2100d 1Y) 2SNOY 2y 182U $221) 0OqUIE] JO *SHH 9TH'€1 19A0 PIPIAIP sadiualiv ‘woneurioyut sryderSowap pajoa|[od oy ur (s1oqwey | Jioyod Sunsixa | [sz] BIpUL T10T
81/11 Buowe aq 0) umouy are steyesnjy Ay, | 2duasaid pue sjeod jo diysioumQ ‘suos1ad 017°18 Jo uonemndod Apmg snuio10qajyd pue sHH [[e payisia Loy Koans yoea u | 00z) saSeqia o :au1s Apmig ur Aoaing “[e 12 IseH
Aaamg
‘uonemdod
A pues ) Jo 01U AT 2431YE
01 1eaf A12A2 sBuikexds apronsasur
1N0J 10 3211} PUSWIWIOIT SIOYINE Y],
-Aysuap uonendod Apy pues Supnpa:
ur Aseoygye Arerodwa) Sunsaddns
900 AN PUe 600 T2qUIGAON 3T
9PIANIASUL JO S3[A> oM} Jo uoneordde
1ayye Aprerpawrut Apdniqe paddosp
spasup parmided jo saquinu oy,
*SISBIUBLUYSIO] [EIDISTA
JO SEAIE JTWAPUD UI S[EWIUE JNSIWOP
pue uew Jo dussaid ayy 0y pardepe
1912q sdeyiad st pue quawuoIAud
swoy ayy ut punoy Apusnbaiy usaq sey
samads sty yeyy 15383ns stoyine ay,
“sa[oIWop
pIsino pue apIsut yoq (%6L)
sidjpdiSuoj T jo aoueurwopaid 1es))
“(sqauowr 1noy) 4> puodas Ay ur
AANDIJJ? IOW PUE (SUOW 0M}) IPAD
1SI1J Y} UT JANIIJD SSI[ SeM IPIONIASUL
Ay ‘sny, ‘Burkexds 1ayye sypuowr
IN0J PUE SIUOW OM]) JE JUBIYIUSIS
a1am Surderds-1sod pue -a1d usamiaq
saouaIdYIp 2y ‘porsad Guikerds
PU023s 3y} U] "$100pINO A[UO PaLM0
uondnpax yuesyrudis ‘uiderds
I2)JE SYIUOW OM) JeY} PIMOYS S)NSaT
2y, sporad Supyrew juanbasqns
a1 M paredwod a19m (9007
1dy-1ey pue 007 120-das) uSreduwres
Buikexds yoes 0y tourd sypuowr omy ay,
“aprondasur
AU} YIIM JUIWIEDT) 0} IATISUDS
21am sapads asay ], "pasnided euney
a1 Jo 906 A[prewrxoxdde aymnsuod proayioikd unyrourrad4ny [oxnuod
vipawiayul T pue isajpvs T ‘sidjpdiSuop (S 3eadax ou ‘raye
1 “sorads Jua1aptp 01 pastduwod pue) sy1 150d syjuow 71 10§ A[IUON HH 01 pue a1053g
euney Ay pues ay ], sasnoy ay) apIsno S¥[ 01 1011d durfaseq STRI2D) STRUTI! Aprus
81/S°6 samydes a1am sarfy pues Jo 98°sg *dds vidwozing sden 1S HaD/Aisusp Ay pues ‘SOIR]D) SIIUOIA ‘[1ZeIg uonuaarU] | [$1] 1107 Bereg
sioyine
ay) 4q sax00s aysexed jo
1onp d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Aypend) | szoyestpur [esiSojowojuy :symsay s10jed1pul [ed1So[owojuy :SINSIY es18o[owoyuy :symsay SIOJEIIPUT UBWINE] :S)NSRY Jo sapadg IEI9P UT SUONUIAI) U]/ surte Apnig dn-mofoq /az1s spdureg /ad&y Apmg <reak goyiny

(ponunuoD) I 3[qeL,

12/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391

iasis

Indoor residual spraying for the control of visceral leishman

PLOS NEGLECTED TROPICAL DISEASES

HOOY 160 100" paud feunol/ g0 /610°10py/:sdny

*sa13arens

[o13u05 10304 pardde Apuspuadaput jo
SUOTIB)IWI] ) SWOIIA0 0} Yoroidde
2ATI23JJ2 U 2q PO ‘SINSEIW

OIU0D 101234 JUIIJIP SIUIGUIOD
PoIyM quawafeue 103594 pajerSajup
“Ayisuap A[j pues aonpas

A2An23J52 0] 2Inseaw JuUAISURI) € 3q
Auo Kew gy ‘sny [, ‘punoy Ajuowwod
ST 9OUB)SISAI-$SOID Pro1yIAd

/LA ® 9DUEISISAT UMOPYD0UY PAJ[Ed
-0s oy ‘sourppydoue ut “§-3) s81owd
few 2oueIsISaI-$501> pue peaids

0} SINURUOD T(I(] 15UTESe 2oUTISISRY
‘uondIUNXd

[820] 13358 UOHIJUI JO 2oUFIAUW-21
JuaA21d OS[e PINOYS pue UONUIATIUL
10§ (001 Surstwoxd e st sadiuadiv

*d Jo sans Surpaaiq Surkonsaq
*SIDUBISQNS [EPIINIASUT

3sureSe uonenjiqey 1o uoneidepe
101934 (€) PUE $10129A Y} JO INOIABYDQ
Bunsai 10 Surpaay aaneuIa)e J0/pue
pasueyp (7) ‘uvw 4q NITT Jo 2Fesn
perdosddeut (1) :NITT JO SS2ULARIRHD
A1) ] Aew suoseax Jofewr aaIy [,
“UONRJUT AU} JIWUSUEI) 0}

IN0qe axe Jey) sary pues A] 1d

*$IN220

11 yeyy sdex pajreq se pasopisuod

2q Ued 512U pajean) sNedq [00}
UONUIAIIIUT 2A1123J32 A[ySIYy & 218 NITT
“Ayoedes

a1s Surpaaiq s,103024 31} Jo UORONPAI

i n d19ym ofe ue
oeax L) 1YIaYM JO ssa[pIedar
“S91J JO JQUINU ) $2INPI
Aqresauad jonuos ays Surpasiq
SEIIIYM “UOTIIIJUT A} JISULI)
0] JNOQE 218 ey sa1]} pues

Juawafeurw [PJUIWUOIAUI
ySnoxy 96, uey a1ow £q paonpax
2q ued says Surpaaiq jo Jaquinu
ayp J1 1o “sapy pues Surpey ySnoxgy

‘(yuawadeuew [pyUsWUOIIAUD “§+3) saNIs
Surpaaiq Suikonsap £q 10 (s12u [eprOnAsUT
Sunse|-Suo| pue Sureads [enpisa1 100pur
“§-3) say pues By 4q 1oype Ansusp Ap
pues 33 Supnpar sarnseaw uo juspuadap
SP[OYSIIY} UOISSTWISUE) JO UONESNSIAU]
JUBURUOINS URTPU]

() UO SUBWINY PUE ST PUBS U2IMIIq

P 13O St P UOISsT n

ay) [opow 03 suonenba [enuaIAIP
Areurpio jo waysAs e jo yuawdopprag
‘JuaWIEa) [eruOwWUE Jsurede OUe)SIsaI

© By} 2A1123)J2 10w st £>urdadxd 1™ Apueurwopaid Gy Juaixa %9 &q paonpax aq ues Aisuap A| pues 1vaouop SuiB1owa are8nsaaur 0) pasn uaaq sey eyy Apmys [£2] erpur 10T
81/€1 1] 5101224 ) JO UOTIINPAY IoUTW © 0) pue S}ou pajeas], | ay) Ji3[qissod st TA JO UOnBUTWI Y], prupUYsIaT epow TA paysiqnd £[snoraaxd e jo afesn 9861 01 0L61 Burpoy “[e 12 yoneyg
‘SuoneI0[
J00pIno ur paydayur aq ospe Aew ajdoad
asneaaq A[puodas ‘aseyd uoneqnour
3} Ul [[Ns Inq padyuI Apealje
uosiad e ur A Juasaid Jou pinom S| *A10821e3 23U19501 Ay
ITE JO 1511 "SUOSEI [e1243s 10§ potad 30 Jey ueYy) 1oySIy AW AT IS SEM
YIUOW-9 JX3U 3y} Ul $35€ [[e Juaadid el 31e1 aduspul 3y} w s 01 dn
0} JUSTINS 3 J0U PINOM FU0Z T2Nq -poiad snoraxd o Surnp ‘pasouserp 41080380 du19501
oyads B UIYIIM ST 9ATIIIPD USAT 358D © JO W G/ Uryim SuIAT] 350y} 10} se ased Aue WoIj wg Uey) SI0W &
'sased TA partodar 9'F1 0} SPlOYasNOY duures 3ty ut Furary uonemdod oy Sursn pajenores a1am sonex
Jo s3urpunoxins asop> ay) 1ad1e) osfe asoy) 10§ 7's¥ woxy Surduer soner aex 9181 22UIPIOU] "PUOLdq pUE SIAPIN IS} JO S10T
PINOYS SUOHUIAIUT [01UOD DI0JOIIY, 2oupLUI M TA Jo Suniaisnp eneds oea ur porsad 2y 1940 pasouserp staqunu | 03 £0g wody :dn-mof[og
*9010U [BUONEI © 3q 0] SWAS ‘S Jo 2213ap Suoxns A1oA € seM 19T, ased TA pue uone[ndod 8103 jo Surpi0day suosiad §06'16
yim wpQg Jo 1a1awiiad e Suraao) “Appandadsax ‘pamaIp | yim SHH 9/€°F1 Jo vieq
‘[oA9] HH pue pooyzoqysiou “w (0 10 ‘00F “00€ ‘00T ‘00T 19M $35¥D 953} PUNOIE U )OS PUE 00F 00€ RIpUJ “Ieyrg OLISIp
2)BIPAWIWI JE SN0 SULIASN]D JaYHIN G/ ‘05 UTYIIM 1O P[OYAsnOY dwes Ay} up 002 ‘001 ‘SZ 06 “0 Jo s1ayng *(23 03 An( induejrezniy Jo eare
-ased Burary asoy) 10§ 1aySry sawn G PUE ‘6°S 1uaouop 10 dun( 0} ue() porad syIUOW-9 € UIYIM [BINI € 2)IG 2DUB[[I2AING
Xopur ue woy we/-0g Jo 1eunad TLT6 VEL 9P ST TSp aFerane vruvuiysia] dew e uo sase> T yuaprut panord Aoy, sydesSowaq
© urIM S 0s[e U991 03 Jueioduir o sea porad [UOW-9 XOU 3 UIRIM “soduuaSsy “Surpuy ase0 sanoe(a1) Ue YT | pue yesy andreezngy Apms | [97] erpur ‘8107
81/€T ST YRy dyedrput sSurpuy Y, TA yim pasouderp Suraq jo ysi1 ay ], snui030qapyd 105 seaze Ja81e) rewndo jo JuswystqeIsy 2315 Apmyg Surepoy “Ie 13 I{seH
sioyine
ay) 4q sax00s aysexed jo
T 3 d [onuo) UOTJUIAIIU] SI0JRIIPUT $3123dg /101937 ASojopoyay Anyunod>
Aypend) | szoyestpur [esiSojowojuy :symsay s10jed1pul [ed1So[owojuy :SINSIY es18o[owoyuy :symsay SIOJEIIPUT UBWINE] :S)NSRY Jo sapadg IEI9P UT SUONUIAI) U]/ surte Apnig dn-mofoq /az1s spdureg /ad&y Apmg <reak goyiny

(ponunuoD) I 3[qeL,

13/22

May 19, 2022

//doi.org/10.1371/journal.pntd.0010391

PLOS Neglected Tropical Diseases | https


https://doi.org/10.1371/journal.pntd.0010391.t001
https://doi.org/10.1371/journal.pntd.0010391

PLOS NEGLECTED TROPICAL DISEASES Indoor residual spraying for the control of visceral leishmaniasis

for Post Kala Azar Dermal Leishmaniasis (PKDL) skin lesions. Kumar [3] also measured
human disease with active case detection/ house to house searches and follow up of fever cases
with 39-aminoacid-recombinant kinesin antigen (rK39) rapid diagnostic tests. For the survey
[25], identification of VL cases was key objective of the wider cohort study, in which the survey
was embedded. VL cases in the cohort study were defined as “a combination of a clinical history
typical for VL (fever of >2 weeks’ duration, lack of response to antimalarial drug treatment), a
positive result by the rK39 rapid diagnostic test, and a good response to specific VL treatment,
with or without confirmation of parasites. Each case reported was verified from medical records
by a study physician”. The modelling studies used available surveillance data for human disease
indicators.

Insecticides used by the included studies(28). Also, the insecticides used in the studies vary,
mostly in line with insecticide development over time and specific to countries (Tables 1 and
S1).

DDT is used in the earlier studies in India [22,23], DDT continues to be used in Indian
studies only (Joshi [17] for the India arm of the study, Kumar [29], Chowdhury [21] for the
Indian arm of the study, Coleman [30], Kumar [31], Poché [32]). Mandal [33], and Kumar [3]
switch during the studies from DDT to alpha-Cypermethrin. It needs to be noted that DDT
has been banned in Bangladesh since 1998 as it is an environmental hazard [20].

Alpha-Cypermethrin is also used in Bangladesh [15], Brazil [14] and Nepal (Joshi [17] for
the Nepal arm of the study, Das [18]).

Deltamethrin is used in Bangladesh only (Joshi [17] for the Bangladesh arm of the study,
Chowdhury [16], Chowdhury [20], Banjara [19], Huda [4]). This has been tested in more
recent studies, as there was a delay in getting approval for using deltamethrin for sandfly con-
trol and reintroducing it through the national programme [20].

Lambda-cyhalothrin is only used in Nepal (Chowdhury [21] for the Nepal arm of the
study)

Quality assessment of the included studies. (Table 1: Summary IRS results and S1 Table: Evi-
dence Table)

Quality analysis showed, when measuring against the CONSORT criteria that the RCT's
only scored medium high scores, between 11 and 18 of 25 CONSORT criteria are met. Mostly
trial registration criteria are not met. But also, processes of randomisation are not fully
explained. For the intervention studies, most studies scored between 10.5 to 15.5 of 18 modi-
fied CONSORT criteria. The early studies Kaul [23] and Mukhopadhyay [22] only met 5.5 of
the 18 criteria.

Analysis of results

Entomological indicators. cRCTs and RCT. In the group of cRCTs and RCT, the studies
show mostly very positive results in relation to the main indicator used “total Phlebotomus
argentipes” caught, and also considering the different insecticides used for IRS (Table 1: Sum-
mary IRS results).

For alpha-Cypermethrin, in the cRCTs and RCT applied in Nepal only, Chowdhury [15]
showed reductions of the vector between 14 and 80%, with a considerable effect even at the
end of the measurement period (two rounds of IRS). These data were established over a period
of up to 22 months, with measurements for the indicator available for up to 15 months. Das
[18], with measurements up to five months post IRS, showed Phlebotomus argentipes density
decreasing from 11.0 to 0.6 per house per night, labelling therefore IRS highly effective for
reducing vector density. Joshi [17] for the Nepal arm of the study shows a reduction of total
sandflies captured of 52 and 53% in two different sites.
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Deltamethrin is used in Bangladesh only, Joshi [17], for the Bangladesh arm of the study,
shows a reduction of 94% of total sandflies caught. Chowdhury [16] showed Rate Ratio reduc-
tions to 0.15 after 2 months post IRS compared to control, 0.24 after 5 months. The positive
effect of IRS was not detectable any more after 12 months. Huda [4] applied IRS with simulta-
neous treatment of breeding sites with Temephos, this combination showed even a 74% reduc-
tion of female Phlebotomus argentipes captured after 12 months. However, Banjara [19]
showed only a reduction of 25.13% of total sandflies caught, after one month. The effect of IRS
was not detectable any longer in subsequent measurements.

DDT has only been used by Joshi [17] in India, with a percentage reduction that varied
from 52 to 124% of total sandfly captures between sites, with measurements five months post
IRS.

Intervention studies. As for DDT (Table 1: Summary IRS results), this is first used in two
earlier studies in India [22,23]. These two smaller intervention studies, with control villages,
resulted in a reduction of more than 90% of total sandflies caught in the intervention villages
in both studies, with measurable effects up to one year post IRS [22,29], in a before and after
study, shows a positive effect one month post IRS, in three of four of the study districts: “signif-
icant difference in the density of sandflies during pre- and post-spray period in Vaishali, Saran
and East Champaran districts (p <0.05) and there was no significant difference in Muzaffarpur
district (p> 0.05)”. Chowdhury [21] for the Indian arm of the study, shows reductions of up to
75.36% one month post IRS, which were not sustained afterwards. Coleman [30] also shows a
difference between intervention and control villages and total sandflies captures (total sandflies
captured at one month post IRS 99 for the intervention villages, 217 for the control villages),
and the effect was not observed after one month. Kumar [31] shows over a period of 13
months post IRS, percent reductions of sandfly density between 4.29% - 86.77%. Poché [32]
reports a short-lived positive effect of IRS, results “suggest relative Phlebotomus argentipes
abundance within IRS treated and untreated villages do not differ significantly”. Mandal [33],
and Kumar [3] switch during the studies from DDT to alpha-Cypermethrin: reporting for the
former for the initial IRS percentage reductions of total Phlebotomus argentipes captured of
34.1% after two weeks, 25.9% after one month and only 14.1% after three months [33] and
similar results by Kumar [3].

Alpha-Cypermethrin was used in these last two studies [3,33] for the subsequent rounds of
IRS, with percentage reductions of 90.5% after two weeks, 66.7% after one month and 55.6%
after three months [33]. Kumar [3] summarised the follow up of up to three months post IRS
as “a significant difference was observed in Phlebotomus argentipes densities collected in sprayed
and unsprayed villages during the 15 days, 1 month, and 3 months post-IRS collections (t = 4.6; P
<0.01).”

Alpha-Cypermethrin is also used in Brazil [14], targeting predominantly Lutzomyia longi-
palpis, with positive effects on the vector indoors—and outdoors.

Deltamethrin is used in the intervention studies in Bangladesh only [20], with some reduc-
tions of total Phlebotomus argentipes caught, of 22.61% after one month, and 6.73% after five
months.

Lambda-cyhalothrin is only used in Nepal (Chowdhury [21] for the Nepal arm of the
study), with good percentage reductions in one study area, between 95.73% two weeks post
IRS, reduced to 68.29% after 6 months. However, these results were not repeated in another
study area, where a sustained percentage reduction was not observed.

Surveys and modelling studies. The studies in this group are very heterogenous.

The survey included [25] (Table 1: Summary IRS results), embedded in a VL cohort study,
establishes that reported IRS coverage is poor, and may be a contributing factor to VL inci-
dence (only 12% of all households had been reportedly sprayed).
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For the modelling studies, Gupta [24] estimates incidence decreases in relation to an “inten-
sified control strategy”. Part of this strategy is IRS, in this case first using DDT, followed by
alpha-Cypermethrin. The authors show that “model simulations suggest a median 1,071 cases
(IQR 849-1,333) were averted in Vaishali between March 2015-December 2017.” Hasker [26],
analysing the most appropriate “buffer zone” for perifocal application of IRS, concludes that
“covering a perimeter of 500m with IRS, seems to be a rational choice”.

Stauch [27], estimating transmission thresholds in relation to application of interventions,
including IRS, however, considers “thus, IRS may only be a transient measure to effectively
reduce sand fly density”.

Human disease indicators. The studies only seldom measure human disease indicators
(Table 1: Summary IRS results), or present surveillance data for human disease indicators.
These data are not in direct comparison to IRS intervention, or case numbers are too low for
clear measurements.

Huda [4] compares case finding with different methods, without comparing the results
directly to IRS intervention only. The authors recommend for programmes to introduce ele-
ments of active case finding through index-based fever camps.

Kumar [3] also measured human disease with active case detection/house to house searches
and concluded that the elimination strategy achieved its goals “the case reduction rate was
increased from 22.6% in 2014 to 58.8% in 2016.”

Hasker [25] studies a cohort in India and follows up on VL cases, the study determines
annual incidence of the population, without prospectively analysing IRS as an intervention.
However, IRS is established as a potential protective factor of VL.

Crosscutting results. The studies show a trend over time of insecticide use (Table 1: Sum-
mary IRS results). DDT is used in India only, over time, very broadly speaking, the studies
show a reduced effect on vector populations, from Kaul [23], Mukhopadhyay [22], followed by
Kumar [29], Chowdhury [21], Coleman [30], Kumar [31] and Poché [32]. Finally, in the stud-
ies by Mandal [33] and Kumar [3], during the studies, the insecticides are changed in the over-
all programmes, where the studies are embedded in, from DDT to alpha-Cypermethrin.

Alpha-Cypermethrin and Deltamethrin are now the insecticides mostly applied in studies
(for the former Joshi [17], Das [18] and Chowdhury [15] (all Nepal), for the latter Joshi [17],
Chowdhury [16] and [20], Banjara [19] and Huda [4] (all Bangladesh).

Many studies have several study arms, particularly also assessing insecticide bioavailability
and residual activity, using bioassays. These study arms follow the recommendations of the
WHO/TDR monitoring and evaluation tool kit for IRS [34]. These study arms, but also study
arms to train personnel for quality delivery of IRS—including qualitative study arms, show the
importance of quality assurance for IRS. Most of the studies of the Regional Initiative include
these different methods, for example for bioassays Kumar [3], Mandal [33], Huda [4], Banajar
[18], Chowdhury [20], Kumar [31], Coleman [30], Chowdhury [16,21] and Joshi [17].

Combination of different interventions are also evolving over time in the included studies.
Whereas early studies, Kaul [23] and Mudhopadhyay [22], typically test only one intervention,
in this case the use of DDT. This is also the case for later studies, as for example Chowdhury
[15] and Mandal [33], with study arms examining different interventions, but mostly not add-
ing and combining different interventions in one study arm.

However, later studies also often try combinations of interventions, for example Huda [4]
adds Temephos to the use of IRS in one study arm, but also tests different ways to identify VL
cases, with one study arm combining fever camps and installation of durable wall lining.

Study design evolves over time. Clearly, early intervention designs, as applied by Kaul [23]
and Mukhopadhyay [22] are replaced by cRCTs, with the first cRCT for vector control and VL
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by Joshi [17]. However, intervention designs continue with later studies, more embedded in
existing programmes, and assessing programmes on multiple levels [3,20,21,30].

Gap analysis. When analysing gaps, following hierarchy of evidence principles, and trend
over times, a gap analysis of studies assessing effectiveness of IRS for the control of VL shows
the following elements:

« From 2009 onwards an increase in numbers of studies is available

o There is a trend over time from intervention studies to more complex studies, with five
cRCTs and one RCT included.

o When looking at study questions, these are highly variable, and not always focused on the
effectiveness of IRS only.

o When looking at study arms, there are increasingly studies mixing different combinations of
interventions. On the other side, there are fewer studies, assessing IRS only. This is more
important in the different transmission scenarios, particularly in the Regional Initiative, now
mostly entering elimination of VL.

o Human disease parameters are seldom measured.

« Studies are more often embedded in ongoing programmes, with the data available in the
programmes.

« When looking at geographical coverage, most included studies were conducted in the coun-
tries of the Regional Initiative, namely Bangladesh, India and Nepal (16 of 17 effectiveness
studies, and of all studies 18 of 21). There is only one study from Brazil [14]. Notably absent
are studies from other VL affected countries, like South Sudan and Sudan. Also absent are
studies from the other South-East Asian countries reporting VL cases and sandfly vector
population.

Discussion
Discussion of key results

Before discussing the key results it needs to be highlighted that this systematic review has sev-
eral limitations: As there is relatively few primary research in this field available the studies are
very heterogeneous and the comparability is limited. The effectiveness of the IRS intervention
study arm is often not clear to disentangle from other study associated factors, the vectors, but
also other biological factor are heterogeneous in different settings and populations. All
together hindering the establishment of a consistent picture. However, effects of IRS on vector
populations are positive, confirmed in terms of effectiveness and by the availability of studies:
in general, overall results confirm, that IRS has good immediate effects on vector populations
of Phlebotomus argentipes. The results from five cRCTs and the RCT included in the systematic
review, clearly underline this, using Deltamethrin and alpha-Cypermethrin, for Bangladesh,
India and Nepal. These results are also confirmed by two intervention studies, using alpha-
Cypermethrin, in ongoing programmes [3,33].

The role of IRS for VL control has been discussed consistently (Picado 2012), and with the
results of the included studies, and in very general terms, there is a clear and measurable effect
of IRS on the key vector Phlebotomus argentipes for the three countries of the Regional Initia-
tive documented through the included studies.

Effects of IRS on VL incidence is not well established. Studies have not included human
transmission indicators; this would also be technically difficult. However, some data for
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human transmission are coming from studies embedded in programmes, although these can-
not be directly related to IRS interventions only. Using VL as outcome in future studies will
become even more difficult as the disease incidence has become very low in the South-East
Asian region.

As a further element emerging in the included studies, and mentioned by most studies, quality
of delivery is key for IRS. One of the elements for quality of delivery is insecticide bioavailability
and resistance. There seems to be an acceptance to include bioassays in studies, most of the newer
studies include this element. This conforms with a guidance issued by WHO/TDR [34].

Also, several studies include “inspection” and “training” for delivery of IRS, by programme
staff. Kumar [3] concludes that “the success of a control program is directly related to the quality
of the staff. Therefore, human resource development is necessary for all control programs.”

As a further element of quality delivery, timing of intervention may play a role. There
seems to be agreement to apply IRS in the Regional Initiative pre-Monsoon, as also outlined
by WHO/TDR [34].

As a further element of studies, the measurement technique is also evolving over time.
Whereas early studies used standard aspiration techniques, CDC light traps are now the estab-
lished way of measuring sandfly populations.

Furthermore, the topic of combinations of different vector control methods emerged from
some studies. Again, since the combinations including IRS were only seldom used in the stud-
ies, and no consistent assessment of different combinations has been done, this systematic
review cannot give an answer about improved effectiveness, when IRS is combined with other
methods. But to mention one study, Huda [4] adds to IRS with Deltamethrin the larvicide
Temephos, targeting breeding sites. The combination is thought to be promising, also with the
mentioned prolonged effect. However, Huda shows even better results including durable wall
lining (DWL). Clearly, combinations of best possible vector control interventions may be use-
ful, and even synergistic, and need appropriate studies. The choice of combinations of inter-
ventions may even be more dependent on local situations, as entomological characteristics,
human behavioural factors, than actual synergies between different methods.

This goes in line with a recent meta-review, with several vector control interventions show-
ing some effect on VL vectors [8]: the interventions included IRS, the use of ITNs, insecticide-
treated curtains (ITCs) (including insecticide-treated house screening), insecticide-treated
bedsheets (ITSs) and insecticide-treated fabrics (ITFs) (including insecticide treated clothing)
and DWL and other measures to protect houses. Environmental modifications (EVM) were
evaluated, also control of the reservoir host, and strengthening vector control operations
through health education. The multitude of possible interventions and combinations of inter-
ventions show a further need of studies.

Discussion of insecticides used in the studies

For Deltamethrin, the positive effect, with very high suppression of vector populations with up
to and over 90% one month post IRS was shown in three cRCTs in Bangladesh [4,16,17].
There is also a prolonged effect, strengthened by simultaneous treatment of breeding sites with
Temephos [4]. This effect can be shown medium long term, with good results up to 12 months
post intervention.

However, in a further RCT [19] and one intervention study [20], in Bangladesh, deltame-
thrin did not show a strong effect, and on its own, not a prolonged effect.

For alpha-Cypermethrin, very positive results are confirmed by two cRCTs [15,18,24], with
intermediate results by a further cRCT [17]. Additionally, two intervention studies confirm
the result with a good effect up to three months [3,33].
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In Brazil, with a different predominant vector (Lutzomyia longipalpis) alpha-Cypermethrin
was successful indoors and outdoors, however, the study was only comparing “before and
after” measurements in the same houses.

DDT has demonstrated limited effects, waning over time, as confirmed by nine interven-
tion studies, all conducted in India. This can be tracked to 2009 [29], and is essentially different
in studies reported in the 1990s [22,23]. Two intervention studies “switch” insecticides from
DDT to alpha-Cypermethrin [3,33]. However, only one cRCT used DDT, for the study arm in
India [16], with very good results.

The use of DDT in the studies has been limited to India, but the limited effect has been
already established by Coleman [30]: "in India, widespread resistance to DDT, the insecticide
used, combined with poor quality assurance of IRS and limited entomological surveillance, is hin-
dering the VL elimination effort.”

Lambda-cyhalothrin has been used in one intervention study only, with positive and nega-
tive results in different study areas in Nepal (Chowdhury [21] for the Nepal arm of the study).

Cleary, the choice of insecticides for IRS is key to success, related to resistance development
and regulations in countries. Guidance exists through WHO/TDR [34].

Discussion of level of evidence

Policy recommendations should be evidence based [35]. Hierarchy of evidence with its cate-
gorisation plays a role. On a positive note, five cRCTs and one RCT, and 11 intervention stud-
ies underpin the research question.

However, and limiting the key results of this systematic review, when considering further
questions of different insecticides used, the lack of studies for best combinations of interven-
tions, and the lack of geographical coverage, a need of further studies clearly arises. This is
even more important considering the different vectors in countries affected by VL.

Furthermore, other vector control interventions, as outlined by Montenegro [8], should be
systematically reviewed. This would help to estimate the level of effectiveness of each vector
control intervention and so inform to 1) Determine a priori best possible combinations of
interventions for further studies, and 2) Determine policy recommendations with the current
available knowledge.

Studies should take different transmission levels into account, considering that for the
Regional Initiative recommendations may be different, with VL being eliminated as a public
health problem, compared to a situation with more VL transmission.

There is also a concern, since none of the donor of the regional initiatives were come for-
warded to invest in generating the evidence on every sector of visceral leishmaniasis except
few diagnostic and drug manufacturers. Due to this fact most of the studies included in this
systematic review are related to one group of authors, mostly related or funded through
WHO/TDR. It would be highly recommendable to stimulate more independent generations of
researchers to be involved in further studies.

Conclusions and recommendations

This systematic review has answered the objective to systematically review all available evi-
dence for the control of the key vectors of VL through IRS:

- Effects of IRS on vector populations are positive, confirmed in terms of effectiveness and
by the availability of studies. IRS continues to be an effective intervention to control Phleboto-
mus argentipes. Cost-effective ways of using IRS in combination with another vector control
technique like ITNs, along with case detection in the community needs to be designed for the
post-elimination era in South-East Asia when the disease burden is very low.
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- Deltamethrin and alpha-Cypermethrin reduce total sandfly counts, and/or Phlebotomus
argentipes counts by up to 95% after one month. Prolonged effects are not regularly seen. DDT
has been used in India only: whereas in the 1990s a good effect could be measured, this effect
waned over time. Two intervention studies, published in 2019 and 2020, embedded in larger
programmes, replaced DDT with alpha-Cypermethrin throughout the study.

- Constant monitoring of insecticide resistancies and quality delivery of IRS emerge as key
issues for programmes. No human transmission data are available to directly relate an effect of
IRS-although modelling studies confirm the effect of IRS on human transmission.

- The varied results obtained in the different studies, makes it difficult to provide a clear rec-
ommendation on when and how long (in the shorter and longer terms) IRS should be imple-
mented, especially in regions where the disease burden is very low. Following
recommendations from WHO/TDR [34] and from the analysed studies; in terms of when to
apply IRS during the year, it is recommended to coincide with the build-up of vector popula-
tions (March or April in the South-East Asia region) and before the onset of VL transmission
(from June to October in the South-East Asia region). In terms on how long IRS should be
applied in the shorter term, within a particular year, it is important to consider the application
of IRS in an integrated vector management approach, which could lengthen the effect of IRS.
In this sense, IRS should be applied in two rounds over a period of 12 months. Of course this
could vary from country to country and necessary adjustments should be consider. In regard
to the longer-term continuation of the annual IRS application, especially in the current low
burden scenario in South-East Asia, we recommend taking cautious approach considering
scarcity of resources available for VL control at the country level, especially when there are
competing priority programs [36]. As the Regional Initiative is transitioning through the con-
solidation to the maintenance phase aiming at achieving long-term elimination, a vertical and
blanket approach may not be feasible and sustainable. A nationwide integrated approach is
needed combining case finding, treatment and vector control. This needs to be continued for a
longer period of time, supported by routine disease and vector surveillance to prevent resur-
gence of VL in the communities.

- Combinations of different interventions are not sufficiently and systematically researched.
Also, studies were not conducted in several countries with VL transmission, including differ-
ent transmitting vectors.

- Systematic reviews for all available VL vector control interventions should be developed,
and a process of determining best practice health policy recommendations should be initiated.
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