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Abstract

Background: Over half the world's human populations are currently at risk from vector-borne diseases (VBDs), and
the heaviest burden is borne by the world’s poorest people, communities, and countries. The aim of this study was
to conduct a review on VBD interventions relevant to housing and hygiene (including sanitation and waste
management) in urban areas.

Main body: We conducted a scoping review, which involved systematically searching peer-reviewed and grey
literature published between 2000 and 2016 using five scientific databases and one database for grey literature.
Different data extraction tools were used for data coding and extraction. We assessed the quality of each study
using the Mixed Methods Appraisal Tool and extracted descriptive characteristics and data about implementation
process and transferability from all studies using the Template for Intervention Description and Replication and
ASTAIRE (a tool for analyzing the transferability of health promotion interventions) tools.

We reviewed 44 studies. Overall, the studies were judged to be of high risk for bias. Our results suggest multifaceted
interventions, particularly community-based interventions, have the potential to achieve wider and more sustained
effects than do standard vertical single-component programs. The evaluations of multifaceted interventions tend to
include integrated evaluations, using not only entomological indicators but also acceptability and sustainability
indicators.

Conclusions: This review highlighted the important need for higher quality research in VBDs and improved and
standardized reporting of interventions. Significant research gaps were found regarding qualitative research and
implementation research, and results highlighted the need for more interventions focus on sanitation and hygiene
practices.

Keywords: VVector-borne disease, Urban area, Housing, Hygiene, Sanitation, Waste management, Prevention, Systematic
mixed method review

Multilingual abstracts
Please see Additional file 1 for translation of the abstract
into the five official working languages of the United

communities, and countries [1]. Thus, VBDs are dispro-
portionately high in low- and middle-income countries
(LMICs) in tropical and subtropical regions, where med-

Nations. ical resources for the population are often limited [2].
These diseases also exacerbate poverty, given that illness
and disability prevent people from working and support-

Background ing themselves and their family, causing further hardship

Over half the world’s human populations are currently
at risk from vector-borne diseases (VBDs), and the
heaviest burden is borne by the world’s poorest people,
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and impeding economic development [3, 4]. The preven-
tion and control of VBDs is not only a health matter but
is also essential to improve the socio-economic condi-
tions of LMICs.

The discovery and massive use of residual insecticides
targeted at mosquito vectors began in the 1940s and
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greatly contributed to the success of early vector control
campaigns in the Americas, Pacific islands, and Asia [5].
Over several decades, certain VBDs were effectively con-
trolled, and by the 1960s, VBDs were no longer consid-
ered significant public health problems outside of Africa.
Unfortunately, the benefits of such programs were
short-lived, and during the 1970s Aedes aegypti (the vec-
tor for dengue, chikungunya, and Zika viruses)
re-infested most of the countries where it had been pre-
viously eliminated [6]. This led to a transition in public
health strategy that was initially focused on eradication
to one of control. In the absence of vaccines and
prophylaxis options, a vector control strategy is the only
preventive strategy for VBDs at the moment, with the
exception of malaria and dengue vaccines that are being
used in small scale contexts. [1]. Unfortunately, we con-
tinue to experience an expansion of vector populations,
which are becoming increasingly resistant to insecticides
[7]. Despite failures of past attempts at vector eradica-
tion campaigns and important indications of resistance,
mass spraying and larvicides remain the principal con-
trol method used in routine practice and in outbreak sit-
uations [8]. There is a critical need for alternative
preventive measures that are effective and sustainable
for VBDs.

Multiple factors influence the geographical dispersion
of VBDs, such as environmental changes and
globalization, with perhaps the most important drivers
being the global population explosion associated with
unplanned urbanization [9]. The United Nations Depart-
ment of Economic and Social Affairs (UNDESA) reports
that 54% of the world’s population lives in urban areas
and is projected to reach 66% by 2050 [10]. LMICs will
continue to experience an unprecedented pace of
urbanization with unplanned urban growth, posing sig-
nificant challenges for human health and sustainable de-
velopment [11]. Rapid urban growth is dramatically
surpassing the capacity of most cities in LMICs to pro-
vide adequate water and sanitation services for their citi-
zens [12]. Progress has been made since 1990, with the
number of people gaining access to improved sanitation
rising from 54% to 68% globally [13], although there re-
main important inequities in access along the sociode-
mographic spectrum [13, 14]. Consequently, in rapidly
growing urban slums, VBDs and other neglected tropical
diseases are thriving [3]. Urban slums are characterized
by high population density, absence of urban planning,
unsustainable housing, inadequate infrastructure for
water and sanitation, and poverty. The proliferation of
water containers, which are used to cope with disrup-
tions in piped water access or to collect rainwater, and
also discarded items such as used tires, provide plentiful
breeding sites for mosquitoes in urban slums, increasing
the risk of transmission of several VBDs.
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The objective of the present study was to conduct a
scoping review to synthesize existing evidence on VBD
interventions in urban environments related to housing,
hygiene, sanitation, and waste management measures.
The purpose was to identify the extent of the literature
and to determine the research gaps and priorities for fu-
ture research.

Methods

Research topic

This study is part of a larger series of six scoping reviews
conducted by the the “VEctor boRne DiseAses Scoping
reviews” (VERDAS) consortium. The protocol of the
VERDAS consortium is published [15] but briefly we
used an eDelphi survey to select the six topics consid-
ered of highest priority by a panel of 84 international
experts (43%  researchers; 52%  public  health
decision-makers; 5% from the private sector). The eDel-
phi was a three-round process: 1) panelists suggested
topics to be considered; 2) panelists then rated the more
than 80 suggested topics from “l1-eliminate” to “5—top
priority”; and 3) the 20 subjects rated 4 or 5 by more
than 65% of the participants were rated a second time.
By the end of the third round, the present topic had
obtained the mean rate of 3.88+1.07 and ranked the
sixth (63.27% of panelists rated it 4 or 5).

Search strategy

Our search strategy was validated by a public health
librarian at the University of Montreal. We conducted a
systematic literature search using four scientific elec-
tronic databases (PubMed, Embase, Global Health, and
the Cochrane Database of Systematic Reviews) and one
grey literature database (WHO library database). Finally,
we searched reference lists of included articles to find
additional relevant articles. Our search strategy consisted
of the following combinations of key concepts “Vector--
borne diseases” AND “Urban area” AND “prevention
and control” AND [“housing” OR “hygiene” OR “sanita-
tion” OR “waste management”]. We included all possible
associated keywords to each key concept and appropri-
ate descriptors for each database (see complete search
strategy in Additional file 2).

Selection of relevant studies

In a pilot round of screening, three reviewers (SD, NK,
DD) independently screened and evaluated the relevance
of the titles and abstracts of 20 references. This enabled
the development of post hoc eligibility criteria and
ensured consistency between the two reviewers (NK,
DD) in the selection of studies. These criteria were con-
sistently applied during the full process of screening.
After the independent title and abstract screening by
two reviewers (NK, DD), the full texts of the included
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articles were screened by the same two reviewers. A
third reviewer (SD) resolved any discrepancies at each
stage of the selection process.

The inclusion criteria were: 1) presents an intervention
within a routine context, as opposed to an intervention
in response to an outbreak; 2) presents an intervention
focused on housing and/or on hygiene (including sanita-
tion and waste management); 3) based in an urban con-
text; 4) published between January 2000 and July 2016;
and 5) language of publication: English, French, or
Spanish.

Articles were excluded if they: 1) included only epi-
demiological or prevalence data without a link to a spe-
cific intervention; 2) included only entomological
surveillance without a link to a specific intervention; 3)
used an experimental design to evaluate effectiveness of
potential/new vector control measures (dose-effective-
ness studies); or 4) were not available in full text
versions.

Items that were not original research (e.g. reviews,
comments, editorials) were excluded, but references lists
were checked for potential relevant original studies.

Operational definitions

We defined key concepts to assist with applying the se-
lection criteria. ‘Vector-borne diseases’ (VBDs) are ill-
nesses caused by vectors such as mosquitoes, ticks, and
lice that transmit infective pathogens (bacteria, virus,
and fungus) from one host (human, birds and animals)
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to another [3]. We based our list of VBDs on the list
provided by the World Health Organization (WHO)
[16]. To select interventions specifically within an urban
context, we wused data from the 2014 World
Urbanization Prospects issued by the Population Div-
ision of the UNDESA to determine urban populations
according to criteria set by each specific country [17].
We adopted the operational definition of ‘infection
prevention and control’ from WHO: “Infection preven-
tion and control measures aim to ensure the protection
of those who might be vulnerable to acquiring an infec-
tion both in the general community and while receiving
care” [18]. In accordance with this definition, we focused
on interventions occurring within a routine context ra-
ther than in a massive and/or emergency response to an
outbreak. We therefore included studies that contained
interventions focused solely on the reduction of vector
populations, even if no specific epidemiological data
were provided, as long as the intervention was
population-based and not in experimental conditions.
Moreover, we focused on interventions relevant to one
or the other of two key concepts: 1) housing: defined as
an intervention taking place in a housing unit, defined
as “a place...intended for habitation by a single house-
hold, or one not intended for habitation but occupied as
living quarters by a household” [19]; 2) hygiene: defined
by WHO as “practices that help to maintain health and
prevent the spread of diseases”, including environmental
cleaning, personal hygiene, and sanitation [20]. The term

Records identified through electronic databases
N =3995

Records identified through grey literature

T~

References retrieved
N=5775

Title and abstract screening
N = 3066

N=1780
Duplicates excluded
N=2709
Records excluded
N =2691
R for exclusion:

A

Articles selected for full text screening
N =375

Articles included after cross-
checking references

N=3
Full-text screening
N =378

- No intervention (n = 2064)
- Rural area (n = 498)

- Does not concern housing or hygiene or sanitation or waste
management (n = 100)

- Other languages (n = 22)

- Published before 2000 (n=7)

Full-text articles excluded
N =334

Reasons for exclusion:
- No intervention (n = 175)
- Rural area (n = 44)

A 4

Studies included in the review
N =44

Fig. 1 Prisma flow chart of selection process of the included and excluded studies

- Does not concern housing or hygiene or sanitation or waste
management (n = 11)

- Other languages (n = 27)

- Full texts not found (n = 77)
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‘sanitation’ refers to the maintenance of hygienic condi-
tions, through services and actions required for proper
handling of waste materials, such as garbage collection
and wastewater disposal [21].

Data extraction, charting and summarizing the findings
We used a standardized Excel (Version 2016, Microsoft
Corporation, Richmond, WA, USA) spreadsheet tem-
plate across our consortium to extract information from
included studies. The data extraction consisted of five
sections: 1) descriptive characteristics of the included
studies; 2) methodological quality assessment using the
Mixed Methods Appraisal Tool (MMAT) [22]; 3) macro
data extraction using the Template for Intervention De-
scription and Replication (TIDieR) tool [23]; 4) micro
data extraction using the ASTAIRE tool (a tool for ana-
lyzing the transferability of health promotion interven-
tions) [24]; and 5) additional columns such as ‘challenge
faced’ and ‘recommendations’.

Results

Search findings

Our search strategy yielded a total of 5775 citations
(3995 from five electronic databases and 1780 from grey
literature). That number was reduced to 3066 after
excluding 2709 duplicate records. After screening the
abstracts of all 3066 citations, we retained 378 articles
for full-text screening. A final set of 44 articles met all
inclusion criteria and were included in our review.
Figure 1 presents the Prisma chart of our study selection
process.

Descriptive characteristics of the studies

The descriptive characteristics are presented in Table 1,
where the included studies are classified as either
single-component (n = 24; 55%) or multi-component in-
terventions (1 = 20; 45%). We defined the former as in-
terventions based upon only one activity and the latter
as referring to a set of simultaneous or sequential activ-
ities. This classification was inductive and decided upon
after the data extraction to guide the presentation of re-
sults and to highlight key differences in complex
interventions.

Of the 44 studies, 38 were published in English (87%),
five in Spanish (11%) and one in French (2%). The geo-
graphic zones predominantly under study were Latin
and Central America (n= 12; 27%), the Caribbean (n
= 9; 21%), and Asia (n= 10; 22%), followed by North
America (n = 6; 13%), the Middle East (n = 3; 7%), Africa
(m = 2; 4%), Oceania (n = 2; 4%) and Europe (n = 1; 2%)
(Fig. 2). Almost all studies were focused on mosquito
vector populations (n = 41; 93%); only three studies were
based on other vector populations: two on sandflies and
one on fleas (and, by proxy, rats).
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Table 1 Descriptive characteristics of interventions

Total Single- Multi-
component component
(n=124) (n=20)

VBD specific 17 9 9
Dengue 1 4 7
Malaria 3 2

Leishmaniasis 2 1 1
Plague 1 1 0
Not VBD specific 27 15 11

Ae. aegypti (for dengue and/or 20 10 10
chikungunya)

Other (Ae. aldopictus, Culex 7 6 1
pipiens, not specified)

Vectors
Mosquitoes 41 23 19
Sandflies 2 1 1
Fleas 1 1

Study design
Quantitative RCT 13 7 6

Quantitative non-randomized/ 12 10 2
observational

Quantitative descriptive " 7 4

Mixed-methods 7 1 6

Quialitative 1 0 1
Types of evaluation indicators

Entomological indicators 42 22 20

Serological or epidemiological 11 4 7
indicators

Population-based indicators 21 6 15
(acceptability, use, knowledge,
behaviour change, etc.)

Cost information 8 3 5
Integrative nature of evaluations

Only 1 type of indicator used in 23 18 4
evaluation

2 or more types of indicators used 21 6 16
in evaluation

Fewer than half of the studies (z = 17; 39%) were fo-
cused on one VBD, with dengue being the predominant
focus (n= 11; or 65% of VBD-specific studies) [6, 25—
34], followed by malaria (n = 3; 17%) [35-37], leishman-
iasis (m = 2; 11%) [38, 39], and plague (1= 1; 5%) [40].
More than half of the studies (n = 27; 61%) did not ad-
dress a specific VBD and instead used indicators only
from the vector population. The majority of
non-VBD-specific studies were focused on Ae. aegypti
(n = 20; 74%) [41-60], which is a primary vector for den-
gue, chikungunya, and Zika transmission. Therefore,
there were a total of 31 papers (70%) focused specifically
on VBDs transmitted by Ae. aegypti.
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orange) to 5 studies included by country (dark orange)

Fig. 2 Choropleth map of the geographic distribution of included studies in the scoping review. From 1 study included by country (very light
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There was heterogeneity in study designs (based on the
MMAT classification), which included 13 quantitative ran-
domized controlled trials (RCT) (30%) [28, 30, 38—40, 42,
47, 48, 53, 55, 59-61], 12 quantitative non-randomized
controlled trials or observational studies (27%) [25, 31, 35,
37, 41, 43, 44, 46, 62-65], 11 quantitative descriptive stud-
ies (25%) with no control group, using a pre/post design
approach [6, 26, 27, 32, 45, 49, 50, 54, 56, 66, 67], seven
mixed-methods studies (quantitative and qualitative data)
(16%)—among which five were cluster randomized con-
trolled trials [29, 51, 52, 57, 58], one a non-randomized
controlled trial [34] and one a descriptive study [36]—and,
finally, one qualitative study [33]. Of note, almost all
mixed-methods studies were multi-component studies
[29, 34, 51, 52, 57, 58], and only one was
single-component [36]; also, mixed-methods was the most
frequent design for multi-component interventions (1 = 6;
30%), with the same number of RCT studies (# = 6; 30%),
whereas in single-component studies, the majority were
quantitative non-randomized controlled trials or observa-
tional studies (7 = 10; 42%).

There were no clear temporal trends in publishing
dates, with 50% of the studies being published in the
first half of our timeframe (2001-2008) and 50% pub-
lished in the second half (2009-2016).

Quality assessment of the studies (MMAT)

Opverall, the included studies were assessed as having high
risk for bias in the majority of the studies (Fig. 3). Four
studies (9%) did not clearly state the study objectives and

consequently, it was not possible to assess whether the ob-
jectives were correctly addressed [32, 41, 56, 62]. Four
studies (9%) were rated as being of low risk for bias, with
all indicators being positive (yes) [6, 30, 49, 51], while
three (7%) were rated as very high risk for bias, with no
positive indicators [56, 66, 67]. The remaining 36 (82%)
studies were rated as moderate to high risk for bias, with
at least one indicator positive [25-29, 31-48, 50, 52-55,
57-65]. When information was missing or lacked clarity
in description, such as not reporting response rates or the
presence of allocation concealment, the indicator was la-
belled ‘cannot be determined’.

Description of the interventions

Figure 4 illustrates to what extent the interventions were
described in each study, following the TIDieR checklist
(see Additional file 3 for the complete extraction grid).
Only a few elements were reported across all the studies:
the reason for the intervention (‘why’), what the inter-
vention was (‘what procedures’), the location (‘where’),
the date and the frequency of the intervention (‘when
and how much’), and some elements of context (e.g. geo-
graphic, climatic, previous outbreak events in the area).
Other basic elements of the interventions were reported
in 75% of the studies, such as: 1) exact materials used
(‘what materials’), as in Winch et al, who provided an
image of the poster they used during the intervention
[34]; 2) description of the providers (‘who provided’), as
in Healy et al, who clearly described the providers,
AmeriCorps volunteers [62]; or 3) the mode of
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Common Clear question or objectives
Questions
Question (or objectives) correctly addressed?
Minimization of selection bias
Quantitative

Appropriate measurement
Non-Randomized PRropr §

Controlled Trials
Comparability of groups

N=13
Complete outcomes data/ response rate/ follow-up
Relevant sampling strategy
Quam?taﬁve Representaiveness of the population understudy
Descriptive
Studies A .
N=12 ppropriate measurement
Acceptable response rate
Clear randomization
Quantltat_lve Clear allocation conceaiment
Randomized
Controlled Trials
N=11 Complete outcomes data

Low withdrawal / drop-out

Appropriate mixed methodology
Mixed Methods

Studies Appropriate consideration of imitations
N=7

Relevant integration of qualiand quanti daa

Relevant sources for quaitative data

Qualitative Relevant process of analysis
Study
N=1

Appropriate consideration of the context

Appropriate consideration of researcher’s influence

g

A

10% 20% 30% 40% 50%

§

70%

EYes ENo mCan'ttellor not reported

Fig. 3 Quality assessment using the Mixed Method Appraisal Tool (MMAT). In green, percentage of studies answering “yes” to the question; in
red, percentage of studies answering “no” to the question; in grey, percentage of studies answering “can’t tell” to the question

:
-
:

1. Brief name of the intervention
2. Why

3. What materials

4. What procedures

5. Who provided

6. How

7.Where

8. When and how much
9. Tailoring

10. Modifications

11. How well planned
12. How well actual

13. Context

W Elements reported

S

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

No elements reported

Fig. 4 Description of interventions according to the TIDieR checklist. In black, percentage of studies reporting elements for each category; in gray,
percentage of studies reporting no elements for each category
.
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intervention delivery (e.g. person-to-person, group meet-
ings) (‘how’), as in Vanlerberghe et al., who specified
that: “During distribution, at least one person in every
household received information on the use and mainten-
ance of the insecticide treated materials through
person-to-person communication” [50].

Eleven studies (25%) included information to explain
potential customization or tailoring (or not) [6, 25, 29—
31, 33, 43, 51, 53, 57], such as Andersson et al.,, who
wrote that “each community chooses and implements its
own mix of dengue prevention actions based on local
vector reservoirs and community resources” [30]. Also,
11 authors (25%) provided information on modifications
made due to external factors [6, 25, 36, 37, 42, 43, 46,
55, 57, 58, 65]. For example, Wai et al. described how a
cyclone postponed all intervention activities, which oc-
curred after a municipal campaign response including
mass larviciding of water containers [58]. Lastly, regard-
ing the process for evaluating the intervention, such as
its fidelity (‘how well planned’ and ‘how well actual’ fidel-
ity and adherence were assessed), four authors men-
tioned that the analysis was planned ahead of the
intervention implementation [25, 30, 53, 58] and four
authors provided information on fidelity [25, 53, 55, 57].
For example, Castro et al. explained that “in some inter-
vention clusters, local actors introduced changes to the
original design and, furthermore, the level of participa-
tion varied. This was documented in detail through
process-oriented fidelity research that revealed import-
ant heterogeneity in the implementation” [53].

Description of the process and transferability elements

Using the ASTAIRE checklist, we examined the availability
of information for 23 elements related to the implementa-
tion process and transferability under four categories:
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population, environment, process, and elements needed for
an intervention’s transfer (see Additional file 3, Fig. 5).

Besides the intervention method, the elements most
often reported were the epidemiological and sociodemo-
graphic characteristics of the population (60% of stud-
ies), the human and financial resources (50%), and
partners enlisted (48%). Other aspects related to the im-
plementation and transferability of these interventions
were poorly described. For example, only five studies
(11%) clearly provided information related to the percep-
tion of health needs within the community and how or
whether these were taken into account [30, 31, 33, 35,
58]. Arunachalam et al. stated that there was a large
demand for the water container covers from the com-
munity [51]. Fifteen studies (34%) noted that the institu-
tional environment could influence the interventions [6,
25, 29, 31, 32, 34, 37, 45, 50, 51, 54-56, 58, 65]; for ex-
ample, as Abeyewickreme et al. described: “a close col-
laboration was established between volunteers and local
government authorities with a long-term view for the
sustainability of activities when funding of the project
ceases” [27].

Only two studies (5%) mentioned a theoretical frame-
work to justify their approach [31]. Pengvanich provided
a clear definition of the term ‘empowerment’ based on
Wallerstein and Bernstein [68] as “a method [...] where
the group members are given necessary tools to identify
the problem and its causes and are encouraged to find
suitable solution by themselves” [31]. Subsequently, the
author elaborated on the theory-driven design of the
program, which was “specially designed based on the
five-step learning process for empowerment (namely ex-
periencing, identifying experience, analyzing, planning,
and doing) which was created by Bishop [68, 69], and
the participatory learning process which comprised

~

POPULATION

Epidemiologic and sociodemographic characteristics
Cognitive, cultural, social and educational characteristics
Motivation

Accessibility

Trust between providers and recipients
Perceptions of utility

Demand from population and perception of health needs

Level participation and involvment of recipients
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nstitutional environment influencing intervention
Other element of context

Partners enlisted

IMPLEMENTATION

ntervention methods
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Capacities of providers and project leader

Mechanisms for motivating providers

m Elements reported

TRANSFER Communication of elements needed for transfer
0%

No elements reported

Fig. 5 Contextual elements essential to intervention implementation and transferability according to the ASTAIRE checklist. In black, percentage
of studies reporting elements for each category; in gray, percentage of studies reporting no elements for each category
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experiential learning and group process” [31]. Sanchez et
al. provided a conceptual model of their educational
strategy to enhance community participation [33] and
mentioned that the evaluation of the participation was
based on the framework developed by Rifkin et al. [70].

Types of interventions
Table 2 presents findings of all 24 single-component in-
terventions, subdivided into five sections according to
types of intervention activities: 1) chemical applications
(n=7; 29%), such as insecticide spraying or larvicide dis-
tribution in water tanks [25, 35, 4144, 66]; 2) source re-
duction of breeding sites for mosquito populations via
direct removal of stagnant water and/or through educa-
tional activities (n = 7; 29%) [26, 27, 36, 45, 61, 62, 67]; 3)
traps (n = 4; 18%), which include mosquito and flea/rat
traps [40, 46—48]; 4) nets (n = 3; 12%), which include bed
nets, windows screens, and/or tanks covers [28, 49, 50];
and 5) biological agents (1 = 3; 12%), such as fish that eat
mosquito larvae or neem oil to repel sandflies [38, 63, 64].
Table 3 presents findings of all 20 multi-component
interventions, divided into community-based approaches
(i.e, community mobilization) (n= 15; 75%) [29-34, 37,
51-58] or vertical approaches (n = 5; 25%) [6, 39, 59, 60,
65]. Vertical approaches refer to the more ‘traditional
means by which most health programs and policies are
delivered to populations; they do not involve the commu-
nity in planning or designing the intervention [71]. In
community-based approaches, on the other hand, com-
munity representatives and/or entire communities are in-
volved in planning and/or designing the intervention [72].

Evaluation of intervention effectiveness

Regardless of the type of intervention, 42 studies (95%)
used at least one of the following entomological indices
to assess intervention effectiveness: container index (CI:
percentage of water-holding containers infested with lar-
vae or pupae) in 24 studies (55%) [25, 26, 28-32, 34, 37,
41, 45, 47-49, 51, 52, 55, 58-61, 63—-65, 67]; Breteau
index (BI: number of positive containers per 100 houses
inspected) in 15 studies (34%) [6, 28-30, 32, 34, 42, 50—
53, 55, 57-59]; house index (HI: percentage of houses
infested with larvae and/or pupae) in 13 studies (30%)
[6, 28-31, 33, 35, 48, 51, 52, 57-59]; pupae per person
index (PPI: number of pupae per number of inhabitants)
in nine studies (20%) [29, 30, 49-52, 55, 58, 59]; traps
positivity (percentage of traps found positive) in seven
studies (16%) [28, 38-40, 43, 46, 54]; indoor resting
adult mosquitoes (based on manual collection with vac-
uum) in six studies (14%) [41-44, 48, 66].

Nearly half of the studies (n= 21; 48%) included at
least one of the following population-based indicators:
assessment of concern or perception changes (n = 8; 18%)
[30, 33, 37, 52, 53, 55, 58, 61]; willingness or actual
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participation or degree of involvement in the intervention
(n=7; 16%) [29-31, 51-53, 57], as well as use of the tools
provided (e.g. nets, educational activities) (n = 6; 14%) [28,
36, 37, 39, 50, 55]; changes in behaviours, such as
self-reported or objectively measured source reduction or
healthcare seeking during febrile episode (n = 7; 16%) [27,
34, 36, 53, 54, 60, 62]; knowledge and misinformation as-
sessment (1 = 7; 16%) [27, 34, 39, 51, 53, 54, 60]; and ac-
ceptability elements (n = 4; 9%) [33, 35, 52, 58].

Only 25% (n= 11) of the studies that used epidemio-
logical data collected primarily serological data or data
from local surveillance systems to assess the effects of
the interventions on specific VBDs. It was not always
clearly stated whether the cases were clinical or labora-
tory confirmed cases.

Half of the studies (n = 22, 50%) [26, 27, 32, 38, 40—49,
56, 59, 62—67] used indicators only from one of the above
categories (entomological, population-based, or epidemio-
logical), while the other half (n = 22, 50%) used indicators
from more than one category [6, 25, 28-31, 33-37, 39,
50-55, 57, 58, 60, 61]. The majority of the
single-component intervention studies (n = 18, 75%) used
indicators from only one category [26, 27, 38, 40-49, 62—
64, 66, 67], while 16 (80%) of the multi-component inter-
vention studies used indicators from multiple categories
[6, 29-31, 33, 34, 37, 39, 51-55, 57, 58, 60].

Only eight studies provided information regarding the
costs of the interventions [37, 39, 46, 50-52, 55, 67], and
no study included a complete economic evaluation, such
as a cost—benefit evaluation. Mostly, authors included
minimal information, such as Arunachalam et al., who
wrote: “Netted frames of three sizes (small, medium, and
large) were made locally by sub-contractors and the cost
was USD 8 per cover” [51], or Caprara et al, who in-
cluded human resources costs in the intervention cost
estimate: “the total costs of the intervention was USD
18.89 per house” [52].

Almost all the studies (95%) reported at least one posi-
tive indicator of intervention effectiveness. The only two
studies reporting null or negative results were
single-component interventions. Barrera et al. [41], in
Puerto Rico, reported no effect on the density of adult
mosquitoes resting indoors with the intervention con-
sisting of source reduction of breeding sites and applica-
tion of larvicide. The authors later showed that septic
tanks (not targeted by the original intervention), signifi-
cantly contributed to the maintenance of dengue virus
endemicity in the region, with an estimated productivity
of 4.4 Aedes aegypti adults/person/day (based on three
persons per household). Bodner et al. (2016) observed a
negative effect of their educational intervention, character-
ized by a decrease in concern for VBDs with no change in
mosquito infestation rates or breeding site rates
post-intervention. The intervention occurred in the US
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and consisted of distributing educational print materials
including a calendar, notepad, flyer, and magnet, all with
pictorial and written mosquito educational information.
The authors suggested this print-focused educational
campaign was insufficient to reliably motivate
resident-based mosquito habitat reduction and may even
have had the unintended opposite effect, making residents
less concerned. The lack of active community involvement
in the campaign and the authors’ inability to evaluate
whether recipients had actually read the materials were
possible explanations for these unexpected results [61].

Challenges faced, lessons learned, and recommendations
Papers describing multi-components interventions were
more to include descriptions of the challenges the re-
search team encountered, in contrast to the single com-
ponent intervention studies, which is likely due to their
complex designs. For Giirtler et al., despite positive indi-
cators of effectiveness, the intervention failed to main-
tain larval indices below targeted levels, for which they
suggested seven possible reasons: 1) incomplete surveil-
lance coverage; 2) limited residual efficacy of temephos;
3) permanent sites for mosquito breeding due to lack of
change in the management of large containers for
permanent water storage; 4) very favourable climatic
conditions for Ae. aegypti; 5) limited source reduction
efforts; 6) lack of regular perifocal residual spraying with
insecticides; and 7) lack of adequate, sustained commu-
nity participation beyond mere acceptance of regular
control measures, for which there were high levels [6].
These described challenges were not isolated to Giirtler
et al. One of the most commonly cited difficulties in-
volved the sustainability of the interventions without the
support and resources of the research teams [29]. This is
difficult, as explained by Quintero et al., that despite ini-
tial success, intervention benefits can be forgotten and
use of tools (e.g. nets) are discontinued [55]. There is an
important need for continual encouragement and moni-
toring of the implemented programs [73]. Sustainability
is also jeopardized by the need for significant invest-
ments of both human and financial resources for
successful interventions, particularly for community-
based interventions. This type of intervention requires
increased time and resources compared to conventional
institution-based interventions due to the longer
socialization and negotiation processes needed to imple-
ment the intervention, to achieve social participation,
and to respond to community expectations [55].

It cannot be expected that community participation in
vector control interventions is simple. As discussed by
Caprara et al., the social participation of subjects and
groups is often heterogeneous and shaped by historical
and present-day community dynamics [52]. For example,
in their intervention in Brazil, “social participation was
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fragile in locations with nonexistent community organi-
zations or in neighbourhoods with either a history of
violence or very well off and privileged groups” [52].
Intervention protocols that engage leadership and com-
munity members in discussing evidence and defining
local strategies are a promising starting point for a wide
range of settings to ensure community participation in
vector control activities [30]. Sites that implement inter-
ventions with their own approach have the advantage of
local customization and strong community engagement,
as demonstrated in the Camino Verde intervention in
Nicaragua and Mexico [30].

In addition to community participation, achieving and
maintaining field staff motivation is a major challenge in
vector control activities. As found by Ocampo et al. [23],
resistance during intervention implementation can arise
among field staff: “Although we found that the field
technicians initially objected to counting pupae, once
they were aware of the low productivity of mosquitoes
in houses, they began to understand the importance of
obtaining these data.” Thus, a lesson learned from this
intervention in Colombia was “the importance of en-
gaging field staff in designing and operationalizing ento-
mological surveillance. At first, counting pupae and
increasing the number of houses to be sampled was
strongly opposed by technicians. During the training ac-
tivities, an agreement was achieved to classify visually
the number of pupae but other methods with a
perceived lower workload could be developed.” The co-
ordination of local authorities, along with increased
household responsibility for targeted vector interven-
tions, is vital for effective and sustained dengue con-
trol, according to Abeyewickreme et al. [29]. Both
Caprara et al. and Andersson et al. recommended
expanding the coordination beyond local authorities,
to include other sectors for sustainability. These sec-
tors include education, local/municipal services such
as water supply, garbage disposal, sanitation and
street cleaning, culture, tourism, transport, construc-
tion, and public safety [30, 52].

A unique challenge was reported by the only study
with negative results. Those authors concluded that
print education materials may have had unintended
negative effects on residents’ attitudes and household
management of mosquito production, which resulted in
no behavioural changes and decreased concern around
VBDs [61]. This was one of the few reviewed studies
conducted in a high-income country (US), where popu-
lation characteristics would be very different from those
in the other studies; however, they were not detailed in
this article. Anecdotally, the authors reported that when
some of the residents understood that the most import-
ant mosquito-borne threat in the region under study
(Washington, DC, and Maryland) was West Nile virus,
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they appeared less concerned about mosquito vectors,
relative to other diseases with more negative media atten-
tion and greater public health impacts, such as HIV or
Ebola [61]. Moreover, Alvarado et al. (2006), in a
post-intervention evaluation of population education,
noted that accessibility and availability of material does
not guarantee its use [36]; this might be one explanation
for the negative results obtained by Bodner et al. [61], who
were unable to evaluate whether people had actually read
the educational materials provided.

Discussion

This review emphasizes the need for higher quality
research and improved reporting of interventions for
VBDs. The trend towards more multi-component and
community-based interventions is promising for enhanced
effectiveness and sustainability of vector control strategies,
although such interventions present important challenges
that need to be considered from the outset.

Overall, the included studies were judged to be of high
risk for bias, with the limited information provided.
Context is a key as it is essential for understanding the
elements needed to ensure successful interventions and
to interpret the failures of previous interventions, which
should be considered by researchers and implementers
[74]. In vector control strategies, communal water
supply or garbage collection services are significant
determinants that require consideration in the interven-
tion and evaluation. Using checklists such as TIDieR and
ASTAIRE would be valuable to guide authors towards
thorough and standard reporting of interventions. Given
the large heterogeneity of interventions, study designs,
contexts, and indicators, it was not possible to pool the
findings for an average measure of intervention effective-
ness in the framework of a scoping review.

Most of the studies measured their success using ento-
mological indicators with only 25% using human
morbidity indicators, despite the uncertain relationship
between entomological indicators and the relative
human morbidity indicators [75]. Reduction of vector
populations is essential, but even significant reductions
do not prevent epidemics or endemicity [76]. Thus, epi-
demiological assessment is essential to objectively evalu-
ate an intervention’s effectiveness in reducing disease
burden. Community-based interventions often provide
more complex evaluations based on a greater diversity
of indicators, including acceptability, use of tools, behav-
iour changes, and/or knowledge improvement. As vector
control interventions are implemented in complex con-
texts, their evaluation strategies should capture all the
components needed to objectively evaluate real world
interventions [77].

The sustainability of vector control interventions is a
key factor when attempting to scale-up research projects
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towards large-scale programs or policies [78]. Interven-
tion sustainability was a critical challenge highlighted in
several of the reviewed publications. The limited dura-
tions of follow-up and the lack of rich, qualitative data
made it very difficult to evaluate intervention longevity
or to understand not only the social and cultural
determinants of interventions, but also their implemen-
tation processes, adaptability, and customization [79].
Thus, more implementation research is needed in VBD,
including qualitative research methods with longer
follow-ups to collect information on processes and
sustainability.

The multi-component community-based interventions
included in this review showed promising results, with in-
terventions producing larger effects than standard vertical
vector control programs in terms of both reductions of
mosquito populations and increased sustainability [29, 30,
51-53, 57, 58]. However, involving the community re-
quires time and resources [57]. Suitable organizations
must be identified or created to guide the community in-
volvement strategy and members of these organizations
need training and support. The use of intervention pack-
ages should be enhanced through appropriate social
mobilization to achieve long-lasting behavioural change
[55] and with the active involvement of health promotion
experts to inform to how change behavior.

Theoretical frameworks are essential when designing
and implementing health education programs, given the
need to understand psychosocial factors underlying
individual and community-level decisions and behav-
iours [80]. Community-based programs show potential;
however, the link between program outputs and vector
presence is complex and generally unclear to which ele-
ments or specific actions an effect should be attributed
[53]. Despite this, making community-based programs
more flexible and adaptable is important for the future
success of vector control strategies [78]. It is vital in the
planning stages to identify the appropriate blend of core
strategy components required to maintain effectiveness
and the components that can be adapted and tailored to
local conditions.

The interventions were largely focused on solutions to
minimize vector breeding sites with only three studies
focused on sanitation interventions: domestic septic
tanks (Turkey) [66], water supply systems installation
(Viet-Nam) [45], and sanitization of waste stabilization
ponds (Pakistan) [67]. It is imperative to understand
how improved sanitation infrastructure, including a
stable potable water supply, results in reductions in vec-
tor breeding habitat and human morbidity. Moreover,
including sanitation as an intervention would lead to
more integrated disease management, as other patho-
gens (e.g. bacteria, parasites, viruses) and vector popula-
tions would be reduced.
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Importantly, only a few non-mosquito vector studies
were included (sandflies and fleas) with dengue predomin-
antly represented, revealing substantial gaps in VBD
research in urban contexts. Another significant research
gap is the under-representation of Africa as only two
African-based studies were included: Madagascar [40] and
Tanzania [37]. West Africa, where countries are among
the poorest and health problems are major [81], is com-
pletely absent in this review. Historically, VBD research in
Africa has been dominated by malaria, which is consid-
ered a rural disease, and the significant malaria burden in
Africa has often eclipsed other febrile illnesses [82, 83].

Limitations of the study

Despite our best efforts, we were unable to retrieve the
full texts of 14 potentially eligible articles (based on title
screening). We may have also missed relevant publica-
tions in languages not included in our review. In
addition, the fact that our inclusion criteria focused
exclusively on urban areas may explain the smaller num-
ber of studies included in our review from Asia and
Africa compared to the Americas. It should be noted
that the most urbanized regions are in North America
(82% living in urban areas in 2014), Latin America and
the Caribbean (80%), and Europe (73%). In contrast,
Africa and Asia remain mostly rural, with 40% and 48%
of their respective populations living in urban areas [10].
The present review is also limited to published material
and publication bias may influence some results pre-
sented in this review.

Implications for future research

Several knowledge gaps were identified in this review
that need to be addressed in future research. Broad com-
munity participation and social mobilization are central
to the success of complex health interventions and
community-based interventions are promising and
should be encouraged [84].

However, the complexity of community-based interven-
tions and questions of sustainability of community partici-
pation requires a comprehensive evaluation strategy with
both quantitative and qualitative data collection. Given that
few studies in our review addressed the long-term sustain-
ability of community-based interventions, several questions
remain and more research is needed [85, 86]. Increased
eco-health research is needed to understand ecologically
sustainable measures, such as non-impregnated nets to
cover water containers and non-toxic alternatives [87],
given the increased concerns of insecticide resistance [7]
and human health consequences from acute and chronic
exposure to chemical agents [88-91].

There is a critical need for researchers to report the
methodology and the context of interventions clearly
and completely to enhance the comparability of studies
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and the transferability of effective interventions to other
locations and contexts. Checklists such as TIDieR [23]
and ASTAIRE [24] are valuable standardized tools whose
use should be encouraged and could conceivably become
a publication requirement. Finally, there was minimal
mention of theoretical frameworks being used for inter-
ventions, nor of the associated tools used, such as educa-
tional materials or workshops. Both researchers and
stakeholders would benefit from theory-based ap-
proaches (and evaluation) to VBD interventions, which
would be helpful in identifying successful and unsuccess-
ful elements of an intervention [92].

Implications for public health policy and/or practice
Several studies concluded that single-component inter-
ventions, such as use of insecticides, must be considered
as one of the available measures for VBDs prevention,
but not the only one [49]. Multiple-component
community-based interventions, such as environmental
management, education, and social mobilization, are
promising in their potential to achieve wide coverage
and sustainability but require significant partnerships
between major stakeholders [93]. Local customization of
interventions has been shown to be an important factor
for strong community engagement [30]. Community-
based interventions are not simple to design and imple-
ment, and time is required to establish robust and
trusting intersectoral partnerships. Yet, as Raju (2003)
cautioned, if community participation is viewed as a
means to shift responsibility and costs from government
to residents without providing adequate services to
support residents, the likelihood of sustainability is very
small [32].

As health education is a fundamental component, par-
ticularly in settings where literacy levels may be lower,
careful consideration must be given to the educational
approach and materials. These principles are not new in
health education research [94] and underscore the need
to engage with health education experts. Active engage-
ment, ownership, and understanding of those materials
by the community are important factors to take into
consideration, and the diverse stakeholders each have a
role to ensure those materials are adequate.

Conclusions

Higher quality research and standard reporting of inter-
ventions are necessary if we are to successfully control
in VBDs. The findings from this review included recom-
mendations for devoting longer times to follow-up, com-
bining human and entomological indicators in
evaluating interventions, conducting more qualitative re-
search, and using standardized tools to report interven-
tion methods. More implementation research is needed
to better understand what vector control interventions
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work in which contexts and, importantly, why and how.
Interventions involving horizontal approaches, commu-
nity participation, and social mobilization show poten-
tial, all precautions kept due to potential bias and
limitations of the present review, and require sustained
intersectoral collaborations between government sectors
and communities to be successful.

-

Box 1 priority needs for future research

e Conduct research to include sanitation and waste
management.

e Include more systematically indicators of human morbidity,
acceptability, sustainability and implementation indicators in
intervention evaluations.

e Develop qualitative research and implementation research.

e Conduct research on ecological sustainable measures to
control vector populations.

e Use and adopt high quality standards for reporting of
interventions.

e Generate theory-based interventions and tools.

Box 2 implications for public health policy and/or practice

e Promote sanitation improvements as an integrated disease
management strategy.

e Redirect vertical programs towards community-based
programs and intersectoral partnership.

e Consider the time and resources required to successfully
implement complex interventions.

e Ensure ownership and understanding of educational
materials by the community and implement interventions
based on relevant health education theory.

e Reduce dependence on chemical insecticides to curb
growing resistance to insecticides by adopting an eco-health
perspective.

e In the context of low resource settings, may need to

prioritize the most vulnerable populations.
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