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Abstract

Elimination of visceral leishmaniasis (VL) in Southeast Asia and global control of cutaneous

leishmaniasis (CL) and VL are priorities of the World Health Organization (WHO). But is the

existing evidence good enough for public health recommendations? This meta-review sum-

marises the available and new evidence for vector control with the aims of establishing what is

known about the value of vector control for the control of CL and VL, establishing gaps in

knowledge, and particularly focusing on key recommendations for further scientific work. This

meta-review follows the Preferred Reporting Items for Systematic reviews and Meta-Analyses

(PRISMA) criteria, including (1) systematic reviews and meta-analyses (SRs/MAs) for (2) vec-

tor control methods and strategies and (3) for the control of CL and/or VL. Nine SRs/MAs were

included, with different research questions and inclusion/exclusion criteria. The methods ana-

lysed for vector control can be broadly classified into (1) indoor residual spraying (IRS); (2)

insecticide-treated nets (ITNs; including insecticide-impregnated bednets); (3) insecticide-

treated curtains (ITCs; including insecticide-treated house screening); (4) insecticide-treated

bedsheets (ITSs) and insecticide-treated fabrics (ITFs; including insecticide-treated clothing)

and (5) durable wall lining (treated with insecticides) and other environmental measures to pro-

tect the house; (6) control of the reservoir host; and (7) strengthening vector control operations

through health education. The existing SRs/MAs include a large variation of different primary

studies, even for the same specific research sub-question. Also, the SRs/MAs are outdated,

using available information until earlier than 2018 only. Assessing the quality of the SRs/MAs,

there is a considerable degree of variation. It is therefore very difficult to summarise the results

of the available SRs/MAs, with contradictory results for both vector indices and—if available—

human transmission data. Conclusions of this meta-review are that (1) existing SRs/MAs and

their results make policy recommendations for evidence-based vector control difficult; (2) fur-

ther work is needed to establish efficacy and community effectiveness of key vector control

methods with specific SRs and MAs (3) including vector and human transmission parameters;

and (4) attempting to conclude with recommendations in different transmission scenarios.
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University of Ceará, Fortaleza, Brazil, BRAZIL

Published: May 13, 2021

Copyright: © 2021 Montenegro Quiñonez et al. This

is an open access article distributed under the

terms of the Creative Commons Attribution

License, which permits unrestricted use,

distribution, and reproduction in any medium,

provided the original author and source are

credited.

Funding: This article was funded through the

World Health Organizations’ Department for the

Control of Neglected Tropical Diseases (NTD),

WHO Registration 2020/1020269-0 NTD/VVE. OH

received the funding for the group of authors. The

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

Competing interests: The authors have declared

that no competing interest exist.

https://orcid.org/0000-0002-5640-9142
https://orcid.org/0000-0002-5511-3657
https://orcid.org/0000-0003-2903-6616
https://orcid.org/0000-0001-9873-5686
https://doi.org/10.1371/journal.pntd.0009309
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009309&domain=pdf&date_stamp=2021-05-13
https://doi.org/10.1371/journal.pntd.0009309
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Introduction

Elimination of visceral leishmaniasis (VL) in Southeast Asia and global control of cutaneous

leishmaniasis (CL) and VL are priorities of the World Health Organizations’ Department of

Control of Neglected Tropical Diseases (WHO NTD). From the 5 elimination strategies for

VL, vector control is one of the core ones against both forms of leishmaniasis [1]. However,

the effectiveness of vector control for reduction of transmission of both VL and CL is repeat-

edly under discussion. This has been assessed in numerous reports, including WHO reports,

e.g., WHO (2010) [2], but also in comprehensive reviews.

In this sense, Picado and colleagues (2012) [3] presented a review of studies for VL pub-

lished in the period 2005 to 2010 on the efficacy of different tools to control Phlebotomus
argentipes. The review indicates that “the current indoor residual spraying (IRS) and novel vec-

tor control methods mainly insecticide-treated nets (ITN) have low effectiveness for several

reasons. Efforts to improve quality of IRS operations and further research on alternative and

integrated vector control methods need to be promoted to reach the VL elimination target by

2015.” However, the review stops short of recommending particular interventions and/or

combinations of interventions. In a recent field trial using cluster randomised design, partially

unexplored options were also tested for sand fly control [4] in order to strengthen the cam-

paign for elimination, the deadline of which was extended from 2015 to 2020 [5]—no definite

recommendations are available at this stage.

Similarly, Kassi and colleagues (2008) [6] conclude in a review for CL that “. . . it can be

seen that many effective interventions exist. Considering the multitude of factors involved in

transmission of CL and the various effective control measures tried and tested by investigators,

an interdisciplinary approach involving more than one of the above interventions would make

sense.” As for VL, the review is not highlighting a particular vector control method or combi-

nations of interventions for CL as most effective and/or recommendable.

However, CL and particularly VL are major public health problems in many countries,

WHO reports that “8 countries and territories are endemic for leishmaniasis in 2018. This

includes 68 countries that are endemic for both VL and CL, 9 countries that are endemic for

VL only and 21 countries that are endemic for CL only” [7]. For VL, the incidence has become

very low in Southeast Asian countries, which is related to the Regional Visceral Leishmaniasis

Elimination Initiative [8], but in the post-elimination era, it will be a major challenge to sustain

elimination, and investments are required for the remaining areas of scientific uncertainty [9].

With this in mind, WHO is making efforts to implement policies and strategies to reduce the

disease burden of CL and VL—but is the existing evidence good enough for public health

recommendations?

This meta-review follows up on these efforts and aims at facilitating further decision-mak-

ing processes in 2020, with a process of systematically summarising the available and new evi-

dence for vector control for CL and VL, focusing on existing systematic reviews and meta-

analyses (SRs/MAs) and following the Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) criteria [10]. The key objective is to develop a meta-review includ-

ing all quality SRs/MAs for the control of

1. CL and VL;

2. through vector control;

3. without geographic restriction; and

4. indexed in English but accepting all other publication languages

PLOS NEGLECTED TROPICAL DISEASES CL and VL vector control, a meta-review
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with the aims of establishing what is known about the value of vector control for the control of

CL and VL, establishing gaps in knowledge, and particularly focusing on key recommenda-

tions for further scientific work.

Methods

Search strategy, databases, and search terms

This meta-review follows the PRISMA criteria [10]. Literature searches and analysis were

developed and carried out through May 31, 2020. Data were extracted from Cochrane Data-

base for Systematic Reviews, Lilacs, PubMed, Wholis, and Google Scholar (the latter was

screened for the first 200 hits, since the database is sorted by relevance, 200 hits was established

as a suitable number, with no relevant hits encountered towards the end of the search). All

full-text assessed articles have been manually searched for additional articles in the reference

list. As for grey literature, relevant global guidelines for CL and VL have been identified on

WHO Iris: Guidelines were included if published after 2007, when the WHO guidelines com-

mittee assumed their work [11] and assuming that global guidelines are using SRs for their rec-

ommendations. Relevant SRs have been included.

The inclusion criteria were (1) SRs/MAs for (2) vector control methods and strategies and

(3) for the control of CL and/or VL.

Excluded were SRs for clinical picture and treatment, diagnosis, and surveillance.

No restrictions were applied regarding year of publication, geographic area, or publication

language; however, the included SRs/MAs needed to be indexed in English, as the search was

performed in English.

1. Scientific method of the study: “Systematic review” and/or “Meta-analysis”

2. Disease: “Leishmaniasis” (MeSH term, where applicable), considering that this will always

include “Cutaneous leishmaniasis” and “Visceral leishmaniasis.”

Searches were performed with combinations of the first 2 categories. The search was inten-

tionally kept very broad, and a third category was used with the results obtained from the

searches: Articles were retained if they were mentioning the

3. Intervention: “Vector control”, and its variations of different methods.

Selection of relevant articles was based on study title and abstract and, where needed, by

full-text assessment (see Fig 1). The selection and categories of the studies included were ini-

tially based on 3 broad categories:

1. SRs or MAs focused on CL vector control, with 1 single intervention only;

2. SRs or MAs focused on VL vector control, with 1 single intervention only; and

3. Combinations of vector control interventions, either with a focus on VL or CL, or

combined.

Quality assessment and assurance

Two data extractors (CAMQ and SRR) independently screened titles and abstracts and applied

inclusion and exclusion criteria. In case of disagreement, a third researcher (OH) was involved

to reach consensus. Data have been extracted in a predefined data extraction matrix and ana-

lysed by author, title, publication date, and study design and main outcomes.

All included articles have been graded for quality by applying the PRISMA checklist [10].

The quality assessment has been used when analysing the results, giving more emphasis on

high-quality SRs.
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Data extraction and analysis

The above described data extraction matrix was further developed by including relevant vari-

ables such as type of disease, vector control forms, and regions included. All relevant data were

extracted into the developed matrix. Evidence tables and recommendations for vector control

have been developed and graded for level of evidence as well as strength of effectiveness fol-

lowed by a gap analysis for further SRs/MAs. The gap analysis included geographical criteria,

key vector control interventions, elapsed time since last searches, and quality criteria.

Results

Descriptive results

Results of searches. A total of 2,971 initial hits were retrieved on the 6 included databases.

After assessing by title and abstract, 177 articles were further screened. Moreover, 129 articles

were fully assessed, removing 48 duplicates. In total, 29 SRs/MAs remained, of which only 9

dealt with vector control in the broader sense (1. targeting directly the vector; 2. targeting the

vector though interventions using the reservoir host; and 3. education related to vector con-

trol). All other SRs were concerned about nonvector control issues, e.g., epidemiology of infec-

tions, both in humans (6) and in reservoir host (6), nonvector reservoir host control (2)

socioeconomic status of cases (3), characteristics of the vector (1); and others (2) (see Fig 1).

Fig 1. PRISMA flowchart.

https://doi.org/10.1371/journal.pntd.0009309.g001
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A total of 4 SRs/MAs were retrieved on Google Scholar, 3 on PubMed, 1 each on Lilacs, and

WHO Iris. In the case of WHO Iris, this database should have WHO guidelines included, and

these should have SRs and MAs included for the development of guidelines (see Table 1).

Time and geographical clustering of SRs/MAs. All included SRs/MAs were published

between 2010 and 2018. All SRs/MAs were published by different groups of authors and focus-

ing mostly on the global situation of both CL and VL. Romero and Boelaert (2010) [12] and de

Sousa and colleagues (2015) [13] focused on Latin America only.

Methods applied by the SRs/MAs. All SRs followed the PRISMA guidelines [10], only 1

article was not labelled an SR, but followed predefined criteria, as prescribed by PRISMA [14].

Only 1 article included an MA [15], not surprisingly, since the studies included in the SRs are

very heterogenous, with different interventions and outcome measures.

Focus of the SRs/MAs. The SRs/MAs included focused on CL and VL from a different

viewpoint, assessing vector control from topics that range solely on CL and VL to reservoir

host control for VL and health education (see Table 2).

This overview shows that comparability between the existing SRs/MAs is difficult, since

most of the SRs and MAs have a different focus.

Also, it shows that the initially conceptualised categories for classification—as specified in

the Methods section (1. focus on CL vector control, with 1 single intervention only; 2. VL vec-

tor control, with 1 single intervention only; and 3. combinations of vector control interven-

tions, either with a focus on VL or CL, or combined) cannot be applied, since the research

questions differ (see Table 3).

Type of studies included in the SRs/MAs

The SRs/MAs included different types of primary studies, if categorising with the hierarchy of

evidence (https://consumers.cochrane.org/levels-evidence). Some SRs/MAs used randomised

controlled trials (RCTs) and/or cluster randomised controlled trials (cRCTs) only [14,16–18],

and others used studies with lower level of evidence as well [12,13,15,19,20]. There was some

overlap of the included studies, particularly for the RCTs (see Table 3). However, Table 3

clearly indicates that the different SRs/MAs used substantially different studies, with a total of

88 articles included in 9 SRs/MAs.

Type of outcome measures

Human disease parameters were mostly not captured in the studies included in the SRs/MAs.

However, one SR focused on studies with human disease parameters [14], and another SR [15]

assessed studies that reported, beside entomological parameters, clinical data focusing on CL

and VL incidence in intervention and control groups.

Entomological parameters applied varied considerably. In some studies, the entomological

parameters applied were of vector density or mean number of phlebotomine sand flies (per

house per night) between intervention and control groups either using IRS, ITNs, or insecti-

cide-treated curtains (ITCs) [12,15–18,20]. Other entomological parameters were identified

such as sand fly landing rates and vector mortality rates [12,20].

SRs that included studies on reservoir control applied canine VL incidence and prevalence

parameters [12,16,19].

Quality analysis

Quality analysis showed that, when measuring against the PRISMA criteria [10], several SRs/

MAs meet most or all quality criteria, above 24 or all of 27 criteria [15,18,19]. Further three

SRs meet between 20 and 23 criteria [13,17,20]. And 3 SRs met only 16 or below criteria.
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Analysis of results

Crosscutting results. The methods analysed in the SRs/MAs for controlling vectors to

prevent transmission of the parasite causing either CL or VL have been found to be similar.

The same method or technique has been named slightly differently by groups of researchers in

different settings. The methods included IRS, the use of ITNs (including insecticide-impreg-

nated bednets), ITCs (including insecticide-treated house screening), insecticide-treated bed-

sheets (ITSs), and insecticide-treated fabrics (ITFs) (including insecticide-treated clothing)

and durable wall lining (treated with insecticides) and other measures to protect houses. In

addition, environmental modifications (EVMs), control of the reservoir host, and strengthen-

ing vector control operations through health education were evaluated. Many of the studies

included in the SRs/MAs evaluated several interventions at the same time.

This main results section presents the results therefore as

1. Results for CL only;

2. Results for VL only;

3. Results for CL and VL;

4. Results for controlling the reservoir host;

5. Results for control through education; and

6. Gap analysis.

Results for CL only. IRS. For IRS in the context of studies looking at CL only, González

and colleagues (2015) [17] and Stockdale and Newton (2013) [14] reported mixed results:

Only 2 cRCTs from South America were included by González and colleagues (2015), with

substantial reductions of vectors, without evidence for long-term effects. An additional cRCT

from Afghanistan reported a reduction of human CL cases over 15 months. Stockdale and

Newton (2013) [14], however, included 4 studies, limiting the studies to those presenting

human measurements, and presenting mixed results, with 2 higher quality studies showing no

efficacy of IRS, whereas 2 lower quality studies showed some efficacy in reduction of cases.

ITNs. For ITNs in relation to CL, 3 SRs/MAs conducted an analysis [14,15,17], with more

positive results, both on vectors and human transmission: González and colleagues (2015) [17]

Table 2. Overview of the different topics that the included SRs/MAs focused on.

Topic SRs/MAs Additional focus

CL/VL Stockdale and Newton (2013) [14]

González et al. (2015) [17]

Calderon-Anyosa et al. (2018) [20] Housing interventions

VL in Latin America Romero and Boelaert (2010) [12]

Vector-borne diseases in general (including CL/VL and not including

malaria)

Kappagoda and Ioannidis (2014) [16]

Wilson et al. (2014) [15] Only ITNs and ITCs

Horstick and Runge-Ranzinger (2018)

[18]

Interventions for protection of human

dwellings

Reservoir host control for VL Wylie et al. (2014) [19]

Health education for CL and VL, in Latin America de Sousa et al. (2015) [13]

CL, cutaneous leishmaniasis; ITC, insecticide-treated curtain; ITN, insecticide-treated net; MA, meta-analysis; SR, systematic review; VL, visceral leishmaniasis.

https://doi.org/10.1371/journal.pntd.0009309.t002
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Table 3. Primary evidence used in the included articles.

SRs and key focus

González

et al.

(2015) [17]

Wilson et al.

(2014) [15]

Romero

and

Boelaert

(2010)

[12]

Stockdale and

Newton (2013)

[14]

Kappagoda

and

Ioannidis

(2014) [16]

Horstick and

Runge-Ranzinger

(2018) [18]

Calderon-

Anyosa et al.

(2018) [20]

de Sousa et al.

(2015) [13]

Wylie et al. (2014)

[19]

Vector and

reservoir

control

ITN, ITC,

and ITM on

vector-borne

disease other

than malaria

VL in

Latin

America

Prevention of

Leishmaniasis

Prevention

of NTDs

Protection the

house against

Chagas, dengue,

leishmaniasis,

and lymphatic

filariasis

Housing and

Leishmaniasis

Health

education and

Leishmaniasis in

South America

Controlling

canine

Leishmanisasis

with topical

insecticies and

medication

CL IRS

Chaves

LF, Calzada JE, Rigg C, Valderrama A, Gottdenker NL,

Saldaña A. Leishmaniasis sandfly vector density reduction is

less marked in destitute housing after insecticide thermal

fogging. Parasit Vectors. 2013;6:164.

X

Davies CR, Llanos-Cuentas E, Campos P, Monge J, Leon E,

Canales J. Spraying houses in the Peruvian Andes with

lambda-cyhalothrin protects residents against cutaneous

leishmaniasis. Trans R Soc Trop Med Hyg. 2000;94(6):631–

636.

X

Feliciangeli MD, Mazzarri MB, Campbell-Lendrum D,

Maroli M, Maingon R. Cutaneous leishmaniasis vector

control perspectives using lambdacyhelothrin residual house

spraying in El Ingenio, Miranda State, Venezuela. Trans R

Soc Trop Med Hyg. 2003;97(6):641–6.

X X X

ITNs (including insecticide-impregnated bednets)

Alexander B, Usma MC, Cadena H, Quesada BL, Solarte Y,

Roa W, et al. Evaluation of deltamethrin-impregnated

bednets and curtains against phlebotomine sandflies in Valle

del Cauca, Colombia. Med Vet Entomol. 1995;9(3):279–283.

X

Alten B, Caglar SS, Kaynas S, Simsek FM. Evaluation of

protective efficacy of K-OTAB impregnated bednets for

cutaneous leishmaniasis control in Southeast Anatolia-

Turkey. J Vector Ecol. 2003;28(1):53–64.

X X

Emami MM, Yazdi M, Guillet P. Efficacy of Olyset long

lasting bednets to control transmission of cutaneous

leishmaniasis in Iran. East Mediterr Health J. 2009;15

(5):1075–83.

X X X

Jalouk L, Al Ahmed M, Gradoni L, Maroli M. Insecticide-

treated bednets to prevent anthroponotic cutaneous

leishmaniasis in Aleppo Governorate, Syria: results from two

trials. Trans R Soc Trop Med Hyg. 2007;101(4):360–367.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/

17097698.

X X

Motavalli-Emami M. Impact of Olyset long lasting nets on

anthroponotic cutaneous leishmaniasis in Islamic Republic

of Iran. WHO Results Portfolio 3 WHO-EM/TDR/110/E.

2006. Available from: http://applications.emro.who.int/dsaf/

dsa744.pdf.

X

Nadim A, Motabar M, Houshmand B, Keyghobadi K,

Aflatonian MR. Evaluation of pyrethroid impregnated

bednets for control of anthroponotic cutaneous leishmaniasis

in Bam (Islamic Republic of Iran). Geneva: World Health

Organization; 1995.

X X X

Tayeh A, Jalouk L, Al-Khiami AM. A Cutaneous

Leishmaniasis Control Trial Using Pyrethroid-Impregnated

Bednets in Villages near Aleppo, Syria. WHO WHO/LEISH/.

1997.

X

ITCs (including insecticide-treated house screening)

Kroeger A, Avila EV, Morison L. Insecticide impregnated

curtains to control domestic transmission of cutaneous

leishmaniasis in Venezuela: cluster randomised trial. BMJ.

2002;325(7368):810–3.

X X X X

Noazin S, Shirzadi MR, Kermanizadeh A, Yaghoobi-Ershadi

MR, Sharifi I. Effect of large-scale installation of

deltamethrin-impregnated screens and curtains in Bam, a

major focus of anthroponotic cutaneous leishmaniasis in

Iran. Trans R Soc Trop Med Hyg. 2013;107(7):444–450.

X
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Table 3. (Continued)

SRs and key focus

González

et al.

(2015) [17]

Wilson et al.

(2014) [15]

Romero

and

Boelaert

(2010)

[12]

Stockdale and

Newton (2013)

[14]

Kappagoda

and

Ioannidis

(2014) [16]

Horstick and

Runge-Ranzinger

(2018) [18]

Calderon-

Anyosa et al.

(2018) [20]

de Sousa et al.

(2015) [13]

Wylie et al. (2014)

[19]

Vector and

reservoir

control

ITN, ITC,

and ITM on

vector-borne

disease other

than malaria

VL in

Latin

America

Prevention of

Leishmaniasis

Prevention

of NTDs

Protection the

house against

Chagas, dengue,

leishmaniasis,

and lymphatic

filariasis

Housing and

Leishmaniasis

Health

education and

Leishmaniasis in

South America

Controlling

canine

Leishmanisasis

with topical

insecticies and

medication

Majori G, Maroli M, Sabatinelli G, Fausto AM. Efficacy of

permethrin impregnated curtains against endophilic

phlebotomine sandflies in Burkina Faso. Med Vet Entomol.

1989;3(4):441–444.

ITSs and ITFs (including insecticide treated clothing)

Asilian A, Sadeghinia A, Shariati F, Imam Jome M, Ghoddusi

A. Efficacy of permethrin-impregnated uniforms in the

prevention of cutaneous leishmaniasis in Iranian soldiers. J

Clin Pharm Ther. 2003;28(3):175–8.

X X

Soto J, Medina F, Dember N, Berman J. Efficacy of

permethrin-impregnated uniforms in the prevention of

malaria and leishmaniasis in Colombian soldiers. Clin Infect

Dis. 1995;21(3) 599–602.

X X

Durable wall lining (treated with insecticides) and other

measures to protect houses

EVM

Mixed studies

Moosa-Kazemi S, Yaghoobi-Ershadi M, Akhavan A, Abdoli

H, Zahraei-Ramazani A, Jafari R, et al. Deltamethrin-

impregnated bed nets and curtains in an anthroponotic

cutaneous leishmaniasis control program in northeastern

Iran. Ann Saudi Med. 2007;27(1):6–12.

X

Reyburn H, Ashford R, Mohsen M, Hewitt S, Rowland M. A

randomized controlled trial of insecticide-treated bednets

and chaddars or top sheets, and residual spraying of interior

rooms for the prevention of cutaneous leishmaniasis in

Kabul, Afghanistan. Trans R Soc Trop Med Hyg. 2000;94

(4):361–6.

X X X X

Rojas CA, Weigle KA, Tovar R, Morales AL, Alexander B. A

multifaceted intervention to prevent American cutaneous

leishmaniasis in Colombia: results of a group-randomized

trial. Biomedica. 2006;26(Suppl. 1):152–66.

X X X

Control of the reservoir host

Ershadi M, Zahraei-Ramazani A, Akhavan A, Jalali-Zand A,

Abdoli H, Nadim A. Rodent control operations against

zoonotic cutaneous leishmaniasis in rural Iran. Ann Saudi

Med. 2005;25(4):309–312.

X

Strengthening vector control operations through health

education

VL IRS

Feliciangeli MD, Mazzarri MB, Blas SS, Zerpa O. Control

trial of Lutzomyia longipalpis s.l. in the Island of Margarita,

Venezuela. Trop Med Int Health. 2003;8(12):1131–1136.

X

Silans PD, Marcelino LN, Dedet J-P, Arias JR. Field

monitoring of cypermethrin residual effect on the mortality

rates of the phlebotomine sandfly Lutzomyia longipalpis in

the state of Paraı́ba, Brazil. Mem Inst Oswaldo Cruz. 1998;93

(3):339–344.

X

ITNs (including insecticide-impregnated bednets)

Courtenay O, Gillingwater K, Gomes PA, Garcez LM, Davies

CR. Deltamethrin-impregnated bednets reduce human

landing rates of sandfly vector Lutzomyia longipalpis in

Amazon households. Med Vet Entomol. 2007;21(2):168–176.

X

Elnaiem DA, Elnahas AM, Aboud MA. Protective efficacy of

lambdacyhalothrin-impregnated bednets against

Phlebotomus orientalis, the vector of visceral leishmaniasis in

Sudan. Med Vet Entomol. 1999;13(3):310–314.

X
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Table 3. (Continued)

SRs and key focus

González

et al.

(2015) [17]

Wilson et al.

(2014) [15]

Romero

and

Boelaert

(2010)

[12]

Stockdale and

Newton (2013)

[14]

Kappagoda

and

Ioannidis

(2014) [16]

Horstick and

Runge-Ranzinger

(2018) [18]

Calderon-

Anyosa et al.

(2018) [20]

de Sousa et al.

(2015) [13]

Wylie et al. (2014)

[19]

Vector and

reservoir

control

ITN, ITC,

and ITM on

vector-borne

disease other

than malaria

VL in

Latin

America

Prevention of

Leishmaniasis

Prevention

of NTDs

Protection the

house against

Chagas, dengue,

leishmaniasis,

and lymphatic

filariasis

Housing and

Leishmaniasis

Health

education and

Leishmaniasis in

South America

Controlling

canine

Leishmanisasis

with topical

insecticies and

medication

Gidwani K, Picado A, Rijal S, Singh SP, Roy L, Volfova V,

et al. Serological markers of sand fly exposure to evaluate

insecticidal nets against visceral leishmaniasis in India and

Nepal: a cluster-randomized trial. PLoS Negl Trop Dis.

2011;5(9):e1296.

X

Picado A, Das ML, Kumar V, Kesari S, Dinesh DS, Roy L,

et al. Effect of village-wide use of long-lasting insecticidal

nets on visceral Leishmaniasis vectors in India and Nepal: A

cluster randomized trial. PLoS Negl Trop Dis. 2010;4(1):

e587.

X X

Picado A, Singh SP, Rijal S, Sundar S, Ostyn B, Chappuis F,

et al. Longlasting insecticidal nets for prevention of

Leishmania donovani in India and Nepal: paired cluster

randomised trial. BMJ. 2010;341:c6760.

X X X X

ITCs (including insecticide-treated house screening)

Dinesh DS, Das P, Picado A, Davies C, Speybroeck N, Ostyn

B, et al. Long-lasting insecticidal nets fail at household level

to reduce abundance of sandfly vector Phlebotomus
argentipes in treated houses in Bihar (India). Trop Med Int

Health. 2008;13(7):953–8.

X X

ITSs and ITFs (including insecticide treated clothing)

Durable wall lining (treated with insecticides) and other

measures to protect houses

Kumar V, Kesari SK, Sinha NK, Palit A, Ranjan A, Kishore

K, et al. Field trial of an ecological approach for the control of

Phlebotomus argentipes using mud & lime plaster. Indian J

Med Res. 1995;101:154–156.

X

EVM

Mixed studies

Chowdhury R, Dotson E, Blackstock AJ, McClintock S,

Maheswary NP, Faria S, et al. Comparison of insecticide

treated nets and indoor residual spraying to control the

vector of visceral leishmaniasis in Mymensingh District,

Bangladesh. Am J Trop Med Hyg. 2011;84(5):662–7.

X X

Costa CH, Tapety CM, Werneck GL. Control of visceral

leishmaniasis in urban areas: randomized factorial

intervention trial [Controle da leishmaniose visceral em

meio urbano: estudo de intervençao randomizado fatorial].

Rev Soc Bras de Med Trop. 2007;40(4):415–9.

X X X

Das ML, Banjara M, Chowdhury R, Kumar V, Rijal S, Joshi

A, et al. Visceral leishmaniasis on the Indian sub-continent: a

multi-centre study of the costs of three interventions for the

control of the sandfly vector, Phlebotomus argentipes. Ann

Trop Med Parasitol. 2008;102(8):729–41.

X

Das ML, Roy L, Rijal S, Paudel IS, Picado A, Kroeger A, et al.

Comparative study of kala-azar vector control measures in

eastern Nepal. Acta Trop. 2010;113(2):162–166.

X

de Oliveira SS, de Araujo TM. [Evaluation of control

measures for visceral leishmaniasis (kala azar) in an endemic

area in Bahia, Brazil (1995–2000)]. Cad Saude Publica.

2003;19(6):1681–1690.

X

De Souza VMM, Julião FS, Neves RCS, Magalhães PB,

Bisinotto TV, Lima AS, et al. [Communitary assay for

assessment of effectiveness of strategies for prevention and

control of human visceral leishmaniasis in the municitpality

of Feira de Santana, State of Bahia, Brazil]. Epidemiol Serv

Saude. 2018;17(2):97–106.

X X
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Table 3. (Continued)

SRs and key focus

González

et al.

(2015) [17]

Wilson et al.

(2014) [15]

Romero

and

Boelaert

(2010)

[12]

Stockdale and

Newton (2013)

[14]

Kappagoda

and

Ioannidis

(2014) [16]

Horstick and

Runge-Ranzinger

(2018) [18]

Calderon-

Anyosa et al.

(2018) [20]

de Sousa et al.

(2015) [13]

Wylie et al. (2014)

[19]

Vector and

reservoir

control

ITN, ITC,

and ITM on

vector-borne

disease other

than malaria

VL in

Latin

America

Prevention of

Leishmaniasis

Prevention

of NTDs

Protection the

house against

Chagas, dengue,

leishmaniasis,

and lymphatic

filariasis

Housing and

Leishmaniasis

Health

education and

Leishmaniasis in

South America

Controlling

canine

Leishmanisasis

with topical

insecticies and

medication

Gavgani ASM, Hodjati MH, Mohite H, Davies CR. Effect of

insecticide-impregnated dog collars on incidence of zoonotic

visceral leishmaniasis in Iranian children: a matched-cluster

randomised trial. Lancet. 2002;360(9330):374–379. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/12241778.

X X

Joshi AB, Das ML, Akhter S, Chowdhury R, Mondal D,

Kumar V, et al. Chemical and environmental vector control
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Salud Públ. 1999;6(3):177–184.

X

(Continued)

PLOS NEGLECTED TROPICAL DISEASES CL and VL vector control, a meta-review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009309 May 13, 2021 21 / 33

https://doi.org/10.1371/journal.pntd.0009309


Table 3. (Continued)

SRs and key focus

González
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González

et al.

(2015) [17]

Wilson et al.

(2014) [15]

Romero

and

Boelaert

(2010)

[12]

Stockdale and

Newton (2013)

[14]

Kappagoda

and

Ioannidis

(2014) [16]

Horstick and

Runge-Ranzinger

(2018) [18]

Calderon-

Anyosa et al.

(2018) [20]

de Sousa et al.

(2015) [13]

Wylie et al. (2014)

[19]

Vector and

reservoir

control

ITN, ITC,

and ITM on

vector-borne

disease other

than malaria

VL in

Latin

America

Prevention of

Leishmaniasis

Prevention

of NTDs

Protection the

house against

Chagas, dengue,

leishmaniasis,

and lymphatic

filariasis

Housing and

Leishmaniasis

Health

education and

Leishmaniasis in

South America

Controlling

canine

Leishmanisasis

with topical

insecticies and

medication

Bern C, Joshi AB, Jha SN, Das ML, Hightower A, Thakur

GD, et al. Factors associated with visceral leishmaniasis in

Nepal: bed-net use is strongly protective. Am J Trop Med

Hyg. 2000;63(3–4):184–188.

X

Costa CH, Werneck GL, Rodrigues L, Santos MV, Araújo IB,
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analysed 3 studies testing ITNs versus no intervention or untreated nets on CL. One of 3

cRCTs in Iran evaluated the effect of ITNs on vector density, with a statistically significant

reduction, however not measuring duration of effect. Two cRCTs from Afghanistan and Iran

measured incidence of CL, with a marked reduction of CL cases over 15 months. Wilson and

colleagues (2014) [15] with its focus on ITNs, included 6 studies evaluating the efficacy of

ITNs against CL, allowing also for an MA. Random effect MA indicated a partial effect of 77%.

However, studies assessing the efficacy of ITNs reported mixed results in terms of effect on

vector density, ranging from a relative increase of 49% to a relative reduction of 96%. Stockdale

and Newton (2013) [14] reported on 5 studies with a statistically significant reduction of cases

of CL, however underlining that for 4 of the included studies, self-reporting was used for case

definition.

ITCs. Also, ITCs were evaluated by 3 SRs/MAs [14,15,17].

Reduction of vector indices varied; however, reduction of human transmission indices was

positive: González and colleagues (2015) [17] included 1 cRCT, although no statistically signif-

icant differences in the mean number of vectors were reported, the incidence of clinical cases

of CL were 0/1,351 (0%) in the intervention group and 142/1,587 (9%) in the control group.

Wilson and colleagues (2014) [15] reported a high percentage reduction in vector density of

54%, 87%, and 98% for the included studies; however, the 98% reduction was observed in a

study that was deemed to be of low quality. Stockdale and Newton (2013) [14] reported only

for one of 4 studies using ITCs a statistically significant decrease of CL cases.

ITSs and ITFs. ITSs/ITFs were again evaluated by 3 SRs/MAs [14,15,17], with overall posi-

tive effects on human transmission. González and colleagues (2015) [17] analysed ITS (bed-

sheets) versus no intervention on CL with a cRCT from Afghanistan, with substantially fewer

cases over 15 months in the intervention households across all age groups. Two RCTs evalu-

ated the effect of impregnating soldiers’ uniforms with permethrin on the incidence of CL.

The trials were small and underpowered to confidently detect or exclude effects. However, in

one study, the incidence in the control group was 18/143 over 12 weeks (12%), and just 4/143

(3%) in soldiers with impregnated uniforms (risk ratio (RR) 0.22, 95% CI 0.08 to 0.64). Stock-

dale and Newton (2013) [14] included 4 studies with ITFs, and three reported a statistically sig-

nificant decrease in numbers of human cases of CL between intervention and control groups.

EVM. Only Stockdale and Newton (2013) [14] analysed EVM against CL; none of the out-

comes of the included studies were measured against human transmission indicators.

Results for VL only. Vector control methods analysed in the articles were essentially the

same as for CL, and the same categories were used for the analysis.

IRS. IRS was analysed by González and colleagues (2015) [17], Romero and Boelaert (2010)

[12], and Stockdale and Newton (2013) [14] in the context of VL.

No trials evaluated the effects of IRS on VL incidence, as stated by González and colleagues

(2015) [17]. However, one trial assessed the effect on seroconversion in a VL endemic area in

Brazil and found no statistically significant difference in seroconversion over 18 months post-

intervention. Romero and Boelaert (2010) [12] however reported evaluating IRS and fogging

around the houses, a significant decrease of sand fly abundance, with a residual effect of indoor

spraying, which usually lasted 3 months which was influenced mainly by house construction

style. Stockdale and Newton (2013) [14] included 2 studies with no trend of effect: one evalu-

ated VL in children under 12 years in 3 control and 3 intervention areas, with no difference in

infections rates in all the evaluated areas. The other study used random allocation of 4 inter-

vened areas in order to study VL in the population living in each area; the study observed no

difference between the intervention and control areas.

ITNs. ITNs were analysed by González and colleagues (2015) [17], Romero and Boelaert

(2010) [12], and Wilson and colleagues (2014) [15]. González and colleagues (2015) [17]
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reported on ITNs versus no intervention or untreated nets on VL. Two of the 3 included

cRCTs in Asia evaluated the effect of ITNs on vector density: In Bangladesh, there was a sub-

stantial reduction in vector density in the ITN areas for 12 months post-intervention, but in a

multicentre trial in Asia, the overall difference between intervention and control sites was not

statistically significant. One additional cRCT in India reported a statistically significant reduc-

tion in male P. argentipes in areas with ITNs compared to untreated nets, but no difference in

female P. argentipes or other vectors.

One cRCT evaluated the effect of ITNs on VL in India and Nepal. The overall risk of VL

during the 30 months follow-up was 37/9,829 (0.38%) in the intervention group and 40/9,981

(0.40%) in the control group. In the same trial, there was also no significant difference in the

risk of seroconversion in those who had negative results at baseline [17].

Wilson and colleagues (2014) [15] also compared the efficacy of ITNs against VL, including

3 studies. Similarly, one study did not show a significant effect on incident Leishmania dono-
vani infections or incident cases of VL. However, in India and Nepal, the same study did

appear to show an effect on vector density with a relative reduction in the mean number of

female P. argentipes. Two studies conducted in Sudan and Bangladesh, India, and Nepal dem-

onstrated a 100% and 35% reduction in vector density, respectively.

Romero and Boelaert (2010) [12] only included 1 study, with ITNs and VL: The study

described a 39% increase in barrier capacity of the deltamethrin-impregnated bednets, 80%

reduction in sand fly landing rates on humans, and 98% increase in the 24-hour sandfly mor-

tality rates. The study had many limitations (a small number of observations, a short period of

exposure, and without the measure of the residual effect).

Stockdale and Newton (2013) [14] reported as well on CL and VL in relation to ITN, with

no clear effect reported (see the relevant section below).

ITCs. For ITCs and VL, no studies were included in the SRs/MAs.

ITSs and ITFs. Only González and colleagues (2015) [17] included studies on ITSs: one

cRCT in areas of Brazil with VL evaluated the effects of treated sheets near the chicken shed,

with short-term reductions in geometric mean phlebotomine sand flies per trap after the inter-

vention, which only differed statistically from control sheds at week 12 post-intervention.

EVM. González and colleagues (2015) [17] included 2 cRCTs, comparing EVM versus no

intervention: Neither trial found evidence of statistically significant reductions in phleboto-

mine sand flies compared to no intervention up to 12 months follow-up.

EVM has been further analysed in the context of both CL and VL (see the relevant section

below).

Results for CL and VL. The included SRs/MAs also compared studies with information

on both CL and VL.

IRS. González and colleagues (2015) [17] included studies on IRS versus no intervention,

with 2 included cRCTs, reporting substantial reductions in vectors at the intervention sites.

Calderon-Anyosa and colleagues (2018) [20] reported on 8 intervention studies describing

housing characteristics, sand fly density captured by light traps (5/8), and sand fly mortality by

wall bioassay (3/8). Of the 8 studies, 4 evaluated the effect of insecticidal spray on different wall

materials. One evaluated sand fly density and reported differences associated with housing

quality and vector densities; in some cases, the number was higher even after insecticide ther-

mal fogging.

From the remaining studies that evaluated wall bioassay mortality, one evaluated fogging

on cement wall versus oil-painted wall, finding no significant differences in sand fly mortality

at 7 or 125 days after fogging, whereas it was significantly higher in oil-painted wall at 69 days.

The other study matched houses according to their structure and were randomly assigned to

spray treatment or control, finding that sand fly mortality decreased progressively on wood
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and cement surfaces after 63 days compared with a more rapid decrease on mud and straw

walls. The third study evaluated spray on the external and internal surfaces of 3 types of walls,

finding that mortality rates were similar, whatever the type of wall, since the fourth month.

ITNs. ITNs were analysed again by Stockdale and Newton (2013) [14]: For human reservoir

control, 7 studies using ITNs measured a human-specific outcome. Two studies used deltame-

thrin-impregnated bednets. Neither group reported any difference in cases of CL or VL

between the treated nets and either untreated nets or existing intervention.

ITSs and ITFs. No studies on ITSs/ITFs were included.

EVM. EVM was included by Horstick and Runge-Ranzinger (2018) [18], concluding that

modifications to the structure of houses (e.g., wall plastering) had no impact on the control of

vectors. However, protection of the house and its surroundings might affect the transmission

of several diseases.

Calderon-Anyosa and colleagues (2018) [20] described housing characteristics and risk for

presence of vectors and disease: Mud walls with cracks and holes, damp, and dark houses were

risk factors for transmission of leishmaniasis. These characteristics create favourable condi-

tions for sand fly breeding and resting as sand flies prefer humidity, warmth, and protection

from sunlight during the day. A total of 18/23 studies found significant association between

housing characteristics (e.g., walls, roof, floors, or windows) and leishmaniasis infection or

sand fly density. Moreover, 16/18 studies found an association between leishmaniasis and wall

type. A total of 15/16 studies found an association with clinical leishmaniasis: 5/15 with CL

cases and 10/15 with VL cases. In addition, 4/8 intervention studies evaluated housing charac-

teristics and home improvement against sand fly density captured by light traps. One experi-

mental study evaluated the characteristics of chicken sheds against sand fly densities and

found a significantly higher number of sand flies in open sheds. The 3 remaining studies evalu-

ated the effect of plastering and closing crevices against sand fly densities: One study found no

significant difference in sand fly density, whereas the other two found a decrease in sand fly

density after the intervention.

Results for controlling the reservoir host. One SR [19] focused exclusively on the control

of the reservoir host assessing the following studies: the use of insecticide-treated dog collars (4

studies including non-RCTs and a matched-cluster RCT) and a combination of dog collars

and spot-on insecticides treatments (1 non-RCT). There was a statistically significant protec-

tive effect of collars, measured by the overall proportion of dogs infected with Leishmania
infantum. Use of spot-on insecticides treatments (3 studies, including non-RCTs and RCTs):

there was a statistically significant protective effect for the overall proportion of dogs infected

with L. infantum. Three studies (all RCTs) evaluated prophylactic medications: 2 studies for

domperidone liquid solution and 1 study for allopurinol capsules. There was a statistically sig-

nificant protective effect for prophylactic medication with domperidone for the overall pro-

portion of dogs infected with L. infantum, but not for allopurinol.

Results for control through education. Furthermore, education was the focus of one SR,

in South America [13]. Five studies evaluated the influence of educational material showing an

improvement or reinforcing the importance of educational activities to improve access to

knowledge by the population.

One study showed the actions of local social representations as effective instruments of

information and prevention of leishmaniasis. Also, including guidance to the public on the use

of screens and mosquito nets impregnated with insecticide was evaluated. One study found

that although 94% of participants knew leishmaniasis as a skin disease, with ulcers or blem-

ishes, only 35% associated the disease with the bite of an infected “mosquito,” and only 10%

used the appropriate drug treatment.
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Gap analysis

Gap analysis of summary evidence of vector control. When analysing the existent SRs/

MAs for both CL and VL, and including studies to control the reservoir host by vector control

measures, it is positive to note that there are 9 SRs, with 1 SR also presenting MA data [15]

(Table 1).

However, all SRs/MAs have a different research question and inclusion/exclusion criteria

differ as well (Table 1). Assessing the quality of the SRs/MAs, there is a considerable degree of

variation, with a trend of later published SRs achieving better quality (Table 1). Similarly, the

SRs were all published after 2010, with the latest published in 2018 (Table 1). This reflects

inclusion of studies published earlier than 2018, with data collected even earlier.

Hence, even for similar questions, for example, efficacy and community effectiveness of IRS

in the context of CL, the SRs dealing with this question include different studies (Table 3). And

the information used may be outdated. With this approach, it is difficult to find agreement for

policy recommendations (see Box 1 for a summary).

Box 1. Summary of key results

CL

IRS: inconclusive results, on both vectors and human transmission indicators

ITNs: some agreement of reduction of both vectors and human transmission indicators

ITCs: inconclusive results for vectors, but reduction of clinical cases

ITSs and ITFs: overall positive effect on human transmission indicators

EVM: Poor level of evidence, no clear effect

VL

IRS: inconclusive results, with reduction of vectors, but only little available evidence for

reduction of cases

ITNs: some agreement of reduction of vectors, with a negative effect reported as well,

but no clear reduction of human transmission indicators

ITCs: no studies

ITSs and ITFs: poor level of evidence and no clear effect on vectors

EVM: no reduction of vectors

CL/VL

No clear additional information for those studies looking at both CL and VL

IRS: more positive

ITN: no clear results

ITSs/ITFs: not analysed

EVM: not clear
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Education

It is difficult to assess the effect of education on transmission with the included studies; how-

ever, a relation between knowledge of disease transmission and protective behaviour is

assumed.

Discussion

Discussion of key results

Vector control for CL and VL has been targeted using different tools in different settings at dif-

ferent times, as shown with the multiple studies included in the SRs/MAs. The methods used

for controlling vectors to prevent transmission of the parasite causing either CL or VL have

been found to be similar, including IRS, ITNs—mostly insecticide-impregnated bednets, ITCs,

ITSs and ITFs, and durable wall lining (treated with insecticides) and other environmental

measures to protect houses.

The key results are very difficult to interpret with a lot of contradictory messages, and

it is difficult to describe a clear trend. The SRs/MAs that we included in our meta-review

identified gaps in control measures, especially in relation to their evaluation rather than

implementation. Given the SRs/MAs could only include the original research findings avail-

able up to the time point of their literature search, these reviews could also omit more recent

investigations on CL and VL vector control. This is more likely to happen especially for the

recent past when the control measures were strengthened with more technical cooperation

between the countries, along with revised VL elimination targets for South Asia and the region

[5]. Also, new vector control techniques could have been missed in the SRs/MAs. For other

regions, because of the zoonotic nature of the disease, especially for VL, the reviews and inves-

tigations were split based on their focus on either humans or animals. This made the gap anal-

ysis from our meta-review constrained as we had less focus on vector control in animal

reservoirs.

The gaps in the research findings identified through our meta-review have been discussed

below under themes focusing on diseases as well as vector control methods, techniques, or

tools. Also, there are overarching issues around control of the vectors irrespective of what dis-

ease they are causing—CL or VL. We combine below those overarching issues and individual

disease specific considerations while discussing gaps in findings.

In majority of the studies included in different SRs/MAs, human disease was not consid-

ered as the primary outcome of interest. This clearly left a gap in understanding the associa-

tions between different vector control measures and their eventual impact in reducing burden

of CL or VL in humans. Moreover, in the studies which used human disease as their outcome,

case identification often relied on clinical symptoms, patient reporting, antibody detection,

and clinical cure. Parasite detection through their visualisation was rarely performed, which

could have resulted in misclassifications of disease condition, especially for VL which could

mimic other endemic conditions in the study areas and regions [21,22]. Depending on the

Control of reservoir host

Insecticide-treated collars, spot-on insecticides, and medication with domperidone seem

to have positive effects on reservoir host infection. In addition, dog culling as a control

intervention was found to be consistently ineffective.
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nature of bias, this could result in underestimation or overestimation of the associations

between vector control measures and the occurrence of the disease. Some studies also lacked

adequate power to detect a true association. All these could have affected the internal validity

of the studies performed by different groups of researchers in different settings and regions.

Generalisability of the study findings to all settings was also difficult because of this as well as

due to the zoonotic and anthroponotic divide of the nature of VL by regions.

Moreover, research methodological variations (interventional versus observational) and

weaknesses also made the studies less similar and difficult to summary effect measure estima-

tion. The methodological weaknesses identified by the meta-review include issues around ran-

domisation, blinding, inadequate sample size, participant adherence to the interventions,

varying follow-up period, lack of adjustment of possible confounders through multivariable

analysis, lack of adjustment of clustering, and poor description of trial designs. This is also

reflected in the relative variation of the quality assessment of the included SRs/MAs. Imple-

mentation of intervention was also found problematic, for example with IRS not occurring at

the same time for all study areas under the intervention arm with equal frequencies and differ-

ent insecticides were used in different studies, especially in South Asia. Variation in insecticide

susceptibility of the sand fly vector could also be problematic [23]. Also, control groups were

poorly defined in some studies, whereas some studies had intervention and control arms not

comparable due to their varying background VL prevalence.

The vector nature including species and their preferences for hosts [24] as well as resting

and feeding indoor (endophagic and endophilic) or outdoor (exophagic and exophilic) needed

to be accounted for in a more systematic way to better understand the impact of different

interventions. The flying pattern of sand flies could also have been investigated more, espe-

cially when looking at the association between house structure and leishmaniasis. Data on

intervention studies on house structure and leishmaniasis were also scarce, although more

recent observational data have become available [25].

The studies considered in different SRs/MAs were mostly done in controlled environments

without takings contexts into account. Further studies were needed to assess the implementa-

tion or operational aspect of vector control measures [9]. This might have been done in the

recent past, especially in South Asia when they were reaching closer to the elimination target.

But given no SR was conducted recently with a single focus on leishmaniasis, those studies

might have been missed. Also, since no SR/MA assessed single vector control method only,

reviewing each single vector control method including the new ones is warranted to identify

more robust evidence on their efficacy and community effectiveness [26].

Discussion of level of evidence

Policy recommendations should be evidence based [11] and following a systematic approach

of weighing and grading available evidence, including a process of expert consensus.

In the context of CL and VL, there is a wealth of available studies, primary studies, and

including summary evidence, one of the key results of this meta-review. The existing SRs/MAs

include a large variation of different studies, related to the different research question of each

individual SR/MA, and the different inclusion/exclusion criteria.

However, as presented in the gap analysis of the results section, it is very difficult to summa-

rise the results of the available SRs/MAs, with the shortcomings described above and it is diffi-

cult to recommend with the currently existing SRs/MAs particular vector control methods, or

combinations of vector control methods.

A process should be initialised to systematically assess all available evidence for efficacy and

community effectiveness of vector control in the context of both CL and VL.
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One of the options, mentioned above, would be to assess each single vector control method

with a specific SR, and if possible MA. This concept has the advantage to include more studies,

on different levels of hierarchy, and to assess—if the information is available—different levels

of transmission scenarios.

These SRs should encompass the key vector control methods, e.g.,

1. indoor residual spraying (IRS);

2. ITNs (including insecticide-impregnated bednets);

3. ITCs (including insecticide-treated house screening) and ITSs;

4. ITFs (including insecticide-treated clothing) and durable wall lining (treated with insecti-

cides) and other measures to protect houses;

5. EVMs.

Technically, it is recommendable to assess these methods for the 2 diseases separately.

Further specific SRs could be

6. vector control methods of the reservoir host in the context of VL;

7. strengthening vector control operations through health education; and

8. implementation of vector control programmes taking local and regional contexts into

account.

With this process, it is expected that a better policy recommendation can be

formulated, following a discussion of the results of the SRs/MAs to be developed, in expert

consensus.

Conclusions

This meta-review has answered 3 key objectives:

1. Establishing what is known about the value of vector control for the control of CL and VL:

Unfortunately, a clear trend for efficacy and community effectiveness of the different vector

control methods for CL and VL is difficult to assess by the existing SRs/MAs. This is mostly

due to the different research questions and studies included in each SR/MA. Considering

this fact, it is not easy to formulate evidence-based recommendations for vector control

methods for CL and VL.

2. Establishing gaps in knowledge: Clearly, there is a wealth of primary studies available to

assess vector control for both CL and VL. Further specific gaps for primary research may

emerge through a more thorough analysis of each vector control methods. Additionally,

there is a gap of systematic assessment of each vector control method.

3. Key recommendations for further scientific work: To improve policy recommendations,

one of the key elements for further scientific work is a systematic analysis of each individual

vector control methods, e.g., IRS, ITNs, ITCs, ITFs, and EVM, for CL and VL separately,

including vector and human transmission parameters and attempting to conclude with rec-

ommendations in different transmission scenarios. It may be of interest to conduct SRs/

MAs on reservoir host control, education, and programme implementation in support of

vector control operations.
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1. González U, Pinart M, Sinclair D, Firooz A, Enk C, Vélez ID, et al. Vector and res-

ervoir control for preventing leishmaniasis. Cochrane Database Syst Rev. 2015

Aug 5;(8):CD008736.

2. Wilson AL, Dhiman RC, Kitron U, Scott TW, Berg H van den, Lindsay SW. Bene-

fit of Insecticide-Treated Nets, Curtains and Screening on Vector Borne Diseases,

Excluding Malaria: A Systematic Review and Meta-analysis. PLoS Negl Trop Dis.

2014 Oct 9;8(10):e3228.

3. Romero GAS, Boelaert M. Control of visceral leishmaniasis in latin america-a sys-

tematic review. PLoS Negl Trop Dis. 2010 Jan 19;4(1):e584.

4. Stockdale L, Newton R. A Review of Preventative Methods against Human Leish-

maniasis Infection. PLoS Negl Trop Dis. 2013 Jun 20;7(6):e2278.

5. Kappagoda S, Ioannidis JPA. Prevention and control of neglected tropical diseases:

overview of randomized trials, systematic reviews and meta-analyses. Bull World

Health Organ. 2014 May 1;92(5):356-366C.

PLOS NEGLECTED TROPICAL DISEASES CL and VL vector control, a meta-review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009309 May 13, 2021 31 / 33

https://www.who.int/tdr/news/2011/vl-elimination/en/
http://www.ncbi.nlm.nih.gov/pubmed/22885260
https://doi.org/10.1371/journal.pntd.0009309


4. Chowdhury R, Faria S, Huda MM, Chowdhury V, Maheswary NP, Mondal D, et al. Control of Phleboto-

mus argentipes (Diptera: Psychodidae) sand fly in Bangladesh: A cluster randomized controlled trial.

PLoS Negl Trop Dis. 2017 Sep 5; 11(9):e0005890. https://doi.org/10.1371/journal.pntd.0005890 PMID:

28873425

5. Rijal S, Sundar S, Mondal D, Das P, Alvar J, Boelaert M. Eliminating visceral leishmaniasis in South

Asia: the road ahead. BMJ. 2019 Jan 22; 364:k5224. https://doi.org/10.1136/bmj.k5224 PMID:

30670453

6. Kassi M, Kasi PM, Marri SM, Tareen I, Khawar T. Vector control in cutaneous leishmaniasis of the old

world: a review of literature. Dermatol Online J. 2008 Jun 15; 14(6):1. PMID: 18713582

7. WHO Global Health Observatory. Global Health Observatory Data, Situation and trends [Internet].

2020. Available from: https://www.who.int/gho/neglected_diseases/leishmaniasis/en/.

8. Kumar V, Mandal R, Das S, Kesari S, Dinesh DS, Pandey K, et al. Kala-azar elimination in a highly-

endemic district of Bihar, India: A success story. PLoS Negl Trop Dis. 2020 May 4; 14(5):e0008254.

https://doi.org/10.1371/journal.pntd.0008254 PMID: 32365060

9. Fitzpatrick A, Al-Kobaisi NSMS, Maya JB, Chung YR, Duhan S, Elbegdorj E, et al. Sustaining visceral

leishmaniasis elimination in Bangladesh–Could a policy brief help? PLoS Negl Trop Dis. 2017 Dec 12;

11(12):e0006081. https://doi.org/10.1371/journal.pntd.0006081 PMID: 29232385

10. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred Reporting Items for System-

atic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009 Jul 21; 6(7):e1000097.

https://doi.org/10.1371/journal.pmed.1000097 PMID: 19621072

11. WHO. Guidelines Review Committee (GRC) [Internet]. 2007. Available from: https://www.who.int/

publications/guidelines/guidelines_review_committee/en/

12. Romero GAS, Boelaert M. Control of visceral leishmaniasis in Latin America-a systematic review. PLoS

Negl Trop Dis. 2010 Jan 19; 4(1):e584. https://doi.org/10.1371/journal.pntd.0000584 PMID: 20098726

13. de Sousa CTV, de Andrade CAF, da Hora DL, da Hora EL, Momesso Neto IA, de Matos MC, et al.

Health education in South America regarding leishmaniasis: a systematic review. Rev Patol Trop.

2015:111–23.

14. Stockdale L, Newton RA. Review of Preventative Methods against Human Leishmaniasis Infection.

PLoS Negl Trop Dis. 2013 Jun 20; 7(6):e2278. https://doi.org/10.1371/journal.pntd.0002278 PMID:

23818997

15. Wilson AL, Dhiman RC, Kitron U, Scott TW, van den Berg H, Lindsay SW. Benefit of Insecticide-Treated

Nets, Curtains and Screening on Vector Borne Diseases, Excluding Malaria: A Systematic Review and

Meta-analysis. PLoS Negl Trop Dis. 2014 Oct 9; 8(10):e3228. https://doi.org/10.1371/journal.pntd.

0003228 PMID: 25299481

16. Kappagoda S, Ioannidis JPA. Prevention and control of neglected tropical diseases: overview of ran-

domized trials, systematic reviews and meta-analyses. Bull World Health Organ. 2014 May 1; 92

(5):356–366C. https://doi.org/10.2471/BLT.13.129601 PMID: 24839325
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