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ABSTRACT

Objective To assess the efficacy of strategies informed
by behavioural economics for increasing participation in a
vector control campaign, compared with current practice.
Design Pragmatic cluster randomised controlled trial.
Setting Arequipa, Peru.

Participants 4922 households.

Interventions Households were randomised to one of four
arms: advanced planning, leader recruitment, contingent
group lotteries, or control.

Main outcome measures Participation (allowing the
house to be sprayed with insecticide) during the vector
control campaign.

Results In intent-to-treat analyses, none of the
interventions increased participation compared with
control (advanced planning adjusted OR (aOR) 1.07 (95%
Cl 0.87 to 1.32); leader recruitment aOR 0.95 (95% Cl
0.78 to 1.15); group lotteries aOR 1.12 (95% Cl 0.89 to
1.39)). The interventions did not improve the efficiency

of the campaign (additional minutes needed to spray
house from generalised estimating equation regressions:
advanced planning 1.08 (95% Cl —1.02 to 3.17); leader
recruitment 3.91 (95% CI 1.85 to 5.97); group lotteries
3.51 (95% Cl 1.38 to 5.64)) nor did it increase the odds
that houses would be sprayed in an earlier versus a later
stage of the campaign cycle (advanced planning aOR 0.94
(95% CI 0.76 to 1.25); leader recruitment aOR 0.68 (95%
Cl 0.55 to 0.83); group lotteries aOR 1.19 (95% Cl 0.96

t0 1.47)). A post hoc analysis suggested that advanced
planning increased odds of participation compared with
control among households who had declined to participate
previously (aOR 2.50 (95% CI 1.41 to 4.43)).

Conclusions Achieving high levels of household
participation is crucial for many disease prevention efforts.
Our trial was not successful in improving participation
compared with the existing campaign. The trial highlights
persistent challenges to field experiments as well as
lessons about the intervention design process, particularly
understanding barriers to participation through a
behavioural lens.

Trial registration number American Economic
Association AEARCTR-0000620.

Key questions

What is already known?

» Low community participation in Chagas disease
vector control campaigns can threaten campaign
effectiveness.

» Observed and stated barriers to participation include
high inconvenience costs, low perceived threat of
the disease, no perceived consequences for refusal
and lack of knowledge of neighbours’ participation.

What are the new findings?

» We applied behavioural economics to the design
of three interventions to increase participation in a
Chagas disease vector control campaign by directly
addressing behavioural roadblocks.

» In our study, none of the interventions achieved high-
er participation compared with the ongoing Ministry
of Health campaign.

What do the new findings imply?

» Subsequent efforts may want to target specific in-
sights from behavioural economics in order to de-
sign health behaviour change interventions in public
and community health programmes.

INTRODUCTION

Chagas disease is a devastating disease and
the most important and high-burden parasitic
disease in the Americas."™ Between 6 and 8
million people, including 192 000 Peruvians,
are currently infected with Trypanosoma cruzi,
the aetiological agent of the disease.” ® Sero-
logical surveys of the Chagas disease burden
in Arequipa, Peru, where our study is located,
revealed a prevalence of 4.7% among school-
children in three districts of the city.” The
prevalence was similar in adults in a commu-
nity-based serosurvey.® 7. cruzi is usually trans-
mitted by contact with the faeces of triatomine
insects, which, when infected, harbour the
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parasite in their guts. Acute infections have a 20%-30%
probability of eventually progressing to cardiac or diges-
tive forms of chronic Chagas disease, which are difficult
to treat and often fatal.

Door-to-door household indoor residual spray (IRS)
campaigns are a critical component of disease preven-
tion and surveillance programme for Chagas disease, as
they are for many other vectorborne diseases including
malaria, dengue, Zika and chikungunya’ When coupled
with simple and inexpensive household behaviours, IRS
can drastically decrease or eliminate the presence of insect
vectors from the home, protecting household members
from illness.'”"* Since the early 1990s, the Southern
Cone initiative has targeted Triatoma infestans, the prin-
cipal insect vector of T. cruzi in South America, for elimi-
nation."' The Southern Cone Initiative is a multicountry
effort to eliminate Chagas disease from southern South
America. Plans and activities are implemented by Minis-
tries of Health at the national or local level, and informa-
tion sharing and impact evaluation are coordinated by
the Pan American Health Organization. The key inter-
vention of the Southern Cone Initiative is a door-to-door
IRS campaign to eliminate the insect vector. Following
this intervention, three countries (Chile,13 Brazil'* and
Uruguay) " were declared free of 7. cruzi transmission by
T. infestans. Control of this vector in southern Peru” ' and
much of Bolivia!” has been more difficult, attributable at
least in part to low rates of household participation in the
door-to-door vector control campaign.'® "

For Chagas disease (as for other vectorborne diseases
like Zika and dengue)® poor campaign participation
undermines the effectiveness of evidence-based vector
control efforts. To date, many vector control campaigns
have relied on conventional health promotion and
health behaviour change frameworks that assume that
individuals form behavioural intentions based on a
rational assessment of costs and benefits and consistently
act in their own best interests.”’ ** Recently, health and
development researchers have looked to the field of
behavioural economics for new approaches to facilitate
behaviour change.” These approaches recognise the
common biases and mental shortcuts that influence our
decisions including present bias (the tendency to more
heavily weight current vs future costs and benefits of an
action),**® attentional resource constraints’**® and the
power of social norms.**

Using these principles and others, researchers have
designed strategies and interventions that leverage
mental biases and shortcuts to achieve health-improving
behaviour change. For example, commitment devices,
which offer participants the opportunity to commit to
a behaviour in advance, help counter present bias and
dynamic inconsistency by voluntarily constraining future
choices so that longer term interests are prioritised even
in the setting of tempting alternatives. Commitment
devices have contributed to successful weight loss and
healthy eating programmes in the USA,”™ as well as
savings programmes in the Philippines* and Kenya.”

Planning prompts, which encourage people to form a
plan for a desired behaviour, such as ‘When situation
X arises, I will implement response Y,” counter present
bias, address attention constraints and have been shown
to improve voter turnout,36 influenza Vaccination,37
oral hygiene behaviours®™ and weight loss.”” Using peer
opinion leaders (who influence the attitudes, beliefs and
behaviours of their peers) to promote behaviour change
leverages the importance of social norms, an approach
that has been successful in HIV prevention and influenza
vaccination.*’*!

Behavioural insights have also generated consider-
able interest in how best to structure financial incentives
to motivate health-related behaviour change.” # 7
Lotteries counter present bias by providing an immediate
and tangible reward for future-oriented behaviour and
have been shown to be effective for promoting medica-
tion adherence,43 weight loss,32 3% cholesterol reduction®’
and immunisation®® in the USA, as well as HIV testing
behaviour in Lesotho.*” Group-based lotteries, where a
group is eligible for a prize only if all group members
participate in the targeted behaviour, additionally take
advantage of anticipated regret, social norms and peer
pressure.”’ ® While behavioural economic approaches
have achieved compelling results for individual
behaviours in controlled settings, fewer studies have been
conducted of large-scale global health interventions such
as vector control campaigns.” **

Objectives

The purpose of this study was to evaluate three novel
interventions that leverage behavioural economic
insights to increase participation in a Chagas disease
vector control campaign in Arequipa, Peru. We designed
three interventions intended to increase participation in
Arequipa’s vector control campaign and evaluated their
effectiveness compared with the current campaign in a
pragmatic cluster randomised controlled trial of almost
5000 households.

METHODS

Study setting

The study was conducted in Arequipa, a city of nearly 1
million inhabitants in southern Peru. Vectorborne 7. cruzi
transmission cycles were well established in Arequipa in
the early 2000s. Serosurveys conducted in 2004 in poorer
communities revealed that 5.3% of children had become
infected.'® ®* A door-to-door insecticide application
programme launched in 2003 has been highly successful,
as measured by the decrease in infestation rates across
the city.'”® The current Ministry of Health (MOH) insec-
ticide campaign has three phases. Following an initial
survey phase, the ‘attack’ phase consists of vector control
personnel visiting neighbourhoods targeted for control
measures to apply insecticide (usually deltamethrin) in
houses and peridomestic areas over two cycles (Cycle
1 and Cycle 2) at 6-month intervals. During the attack
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phase, houses are first visited by a health promoter from
MOH 1 day prior to treatment to inform them about
the campaign and how to prepare their home (ie, large
furniture moved away from walls, food and dishes put
away). Promoters also confirm the homeowner’s willing-
ness to have the home treated and schedule an appoint-
ment for the following day. On the day of treatment,
vector control personnel spend about 90 min spraying
the home. Following treatment, household members are
asked to ventilate the house for 2-3 hours. Cycle 2 of the
attack phase is carried out in the same manner approx-
imately 6 months later. For optimum campaign effects,
all households are supposed to participate in both cycles.
This ensures that any eggs that survive the first spray have
hatched and are then killed during the second spray.
Beginning approximately 6 months after the completion
of Cycle 2 of the attack phase, treated neighbourhoods
enter the third campaign phase, an extended period of
active and passive surveillance for insect vector reinfesta-
tion. Our interventions were designed to increase partic-
ipation in the attack phase of the campaign.

Sample

Eligible participants in the trial were residents of Arequi-
pa’s Alto Selva Alegre District living in neighbourhoods
(localidades, or localities) selected for insecticide spraying
by MOH based on insect vector infestation levels. This
district was chosen as our study site based on campaign
timing. Alto Selva Alegre is a heterogeneous district that
includes urban and periurban neighbourhoods, with
an estimated population of 82 412° in approximately
15 000 households. Prior to spraying the district, MOH
campaign staff evaluated the infestation level of each
locality from preliminary survey data and decided to
conduct blanket spraying (treating all homes) in 22 local-
ities with 2% or more households infested and to do focal
spraying (treating infested houses and those adjacent to
infested houses) in the remaining localities with less than
2% of households infested. Our trial sample included
all 5036 households in the selected localities, or about
38% of the households in Alto Selva Alegre. All house-
holds were targeted for Cycle 2 participation, regardless
of participation in Cycle 1. The field trial was conducted
from March to September 2015 during Cycle 2 of insecti-
cide application in this district.

Interventions

Based on prior formative wor and employing a
behavioural design approach, we developed three inter-
ventions hypothesised to increase household participa-
tion compared with the existing campaign: advanced
planning, block leader recruitment and contingent
group lotteries. While all interventions addressed low
perceived need for the Chagas disease campaign (a clear
finding from our formative work)”* each was behaviour-
ally designed to address specific participation barriers
in different ways. Behavioural design is a systematic
approach to defining a target behaviour, diagnosing

19 54
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behavioural bottlenecks that prevent uptake or engage-
ment in the behaviour and using that diagnosis to design
and test behaviourally informed interventions.”” Our
behavioural design process, including detailed justifica-
tions for intervention designs, interventions designed
that were proposed but rejected, and changes from orig-
inal designs, are described fully elsewhere.”® We briefly
summarise the interventions here.

The first intervention, Advanced Planning, was
intended to address perceived difficulties in preparing
the home for spraying and scheduling spraying at a conve-
nient time for the household.'”* In our observations of
prior campaigns, spray brigades often arrived at houses
scheduled for treatment only to find that household
members had not remembered the appointment and
had not made the necessary preparations. This necessi-
tated either waiting for preparations to be completed or
moving on to the next scheduled house, compromising
campaign efficiency. In the Advanced Planning interven-
tion, households were given the opportunity to schedule
the spray several days in advance during a convenient
2hour appointment window and to make a plan for
their household based on this commitment. Planning
prompts (in the form of a refrigerator magnet with space
to write the plans) were also offered. Planning prompts
were hypothesised to assist households in both making
and following through with plans to move furniture and
prepare the home; they also served as reminders of the
appointment time.

The second intervention, Block Leader Recruitment,
was designed to address mistrust of the campaign and
its staff and a lack of awareness of neighbours’ participa-
tion in the campaign, two themes that emerged clearly
in our formative work." °* Formal community leaders
(MOH-trained health promoters, block captains and
elected community officials) and informal neighbour-
hood opinion leaders (corner store owners, day care
coordinators) were recruited by study staff, attended a
training session and were given promotional T-shirts, a
clipboard, a phonecard with mobile phone credit and
the same educational materials used by campaign staff.
Recruiters were asked to promote the campaign to
10-12 households on their block through multiple visits,
wear the campaign T-shirts regularly and share informa-
tion about overall participation rates in the neighbour-
hood. This intervention leveraged prior research on the
powerful role that descriptive and injunctive norms can
play in shaping behaviour® and on the specific influence
of neighbourhood opinion leaders.* *!

The third intervention, Contingent Group Lotteries,
addressed perceived costs of participation (time, incon-
venience) and encouraged neighbours to communicate
with each other about participation.'’** Households were
assigned to lottery groups of five to seven contiguous
households (usually along the same block face). Lottery
groups were randomly assigned a lottery number from 1
to 45. To avoid any concerns about possible lottery rigging
we used the national lottery drawing on a specified date
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a few weeks in the future. If the group’s number was one
of the seven drawn in the national lottery on that date
(probability of winning=16.7%), each household in the
group who had participated in the campaign received a
voucher to a local hardware store (value $17; expected
value $2.84 ($17x16.7%) conditional on individual house-
hold participation). If 100% of households in the group
had participated, all households in the group received
a hardware store voucher of twice the individual value
($34; expected value $5.68 ($34x16.7%) conditional on
all households in the group participating). Financial
incentives such as lotteries can be effective behaviour
change strategies because they make future, intangible
and probabilistic benefits of a behaviour more imme-
diate and tangible. Lotteries further leverage base rate
neglect, as most people will focus more on the numer-
ator (the prize amount) and pay less attention to the
denominator (the probability of winning). We employed
a group lottery (vs an individual lottery design) to further
leverage peer pressure.

For all three interventions, the research team carried
out the activities that supplemented the existing
campaign (eg, notifying households about the lottery,
scheduling appointments in advance and recruiting and
training neighbourhood peer leaders). MOH campaign
personnel carried out the usual campaign across all inter-
ventions and control clusters. As our research team has
done in districts treated earlier in the campaign, we also
contributed staff to assist in promoting the campaign
across all arms of the study.

Study design

We assessed the impact of the interventions on house-
holds’ participation using a cluster-randomised controlled
field trial. A clustered design was deemed most feasible
for intervention delivery and most appropriate for mini-
mising spillover and contamination effects. We divided
the study area into 56 clusters of approximately 80-100
households using a K-means algorithm. The clusters did
not represent any geographical, public health, political
or social unit. Clusters were matched into 14 groups of
four similar clusters; within each group, clusters were
then randomly assigned to the control arm or one of the
three interventions, which resulted in 14 clusters assigned
to each trial arm. To perform the matching we calculated
the Mahalanobis distance among clusters based on two
cluster-level variables (infestation and participation in
the previous spraying campaign cycle 6 months prior)
and assigned weights to these observed variables.”” > To
estimate the weights, we used data sets from previous
spraying campaigns in the city of Arequipa to build a
logistic regression model and estimate the impact of
infestation in the previous campaign and participation in
the previous campaign on participation in a subsequent
campaign. The exponentiated coefficients from this
model were the weights used for the matching algorithm.
Random assignment was carried out by team members
who were not directly involved with intervention delivery

or data collection. MOH personnel (promoters and
vector control personnel) were not notified of assign-
ment, but were not completely blinded to condition given
their interactions with households in different arms. We
obtained a waiver of informed consent for participation
in the research study evaluating the three new interven-
tions compared with the usual campaign. This waiver
did not affect or change the MOH’s usual process for
obtaining consent to spray houses with insecticide, nor
did it limit the household’s right to refuse to respond to
campaign surveys or refuse insecticide applications.

Data collection

We conducted the field trial during Cycle 2 of the attack
phase of the campaign (March to September 2015). While
our study was originally designed to improve participa-
tion in Cycle 1 of the attack phase, the campaign schedule
(which we did not control) dictated that we run the trial
during Cycle 2. As the MOH promoters and vector control
personnel and our study staff proceeded through the study
site, we systematically recorded campaign visits to each
household, including Cycle 2 participation. For households
refusing treatment, reasons for refusal were captured on
a standardised eight-category instrument developed for a
previous study.' Data collection procedures were similar to
previous studies in which we accompanied and supported
MOH staff during the various stages.® '® ' °*% We merged
Cycle 2 campaign and participation data with the house-
hold data collected during the preliminary survey and
Cycle 1 participation data into a single database for anal-
ysis. To support fidelity measurement and to better inter-
pret results, we also collected data on block leader recruit-
ment and activities, lottery prize distribution and voucher
redemption, and, in a subsample of households in the trial,
measures of household awareness of and responses to the
different interventions.

Outcomes

The primary outcome was a binary measure of household
participation in the Cycle 2 insecticide application of the
IRS campaign. Properties included on campaign maps
were categorised in the field as treated, refused (house-
hold declined to allow the campaign to spray the house)
or ‘closed’ (meaning no household member answered the
door during campaign visits). We dichotomised house-
hold status into participated (treated) or not participated
(refused or closed). Participation status of the household
was assessed and recorded by campaign and study staff on
household rosters at every visit, including visits conducted
during ‘campaign recovery efforts’ in the month following
the attack phase. For the purposes of this study, the outcome
of interest was the last recorded participation status.

Two secondary outcomes related to campaign efficiency
were also recorded: the number of minutes required
to complete the insecticide application (calculated by
subtracting the start time of the visit from the end time),
and whether participating households were treated during
the campaign’s initial pass through the neighbourhood or
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during a later catch-up visit. This was assessed based on the
date of treatment.

Sample size and statistical methods
An a priori sample size of 5600 households (1400 per arm)
was calculated to provide 88.5% power to detect a differ-
ence in participation of 11 percentage points, assuming a
baseline participation of 66% (as observed in a previously
sprayed district)," an alpha of 0.05, and accounting for
the clustered nature of the sample. The minimal detect-
able effect of 11 percentage points was determined to be of
sufficient magnitude to be epidemiologically meaningful
and operationally relevant to the ongoing MOH control
campaign.60

Potential effects on participation by intervention arm
were assessed first through two-way Pearson X* test, with
a Bonferroni-corrected critical value of 0.05/6=0.0083 to
account for six two-way comparisons of the four arms. We
then estimated the marginal mean effect of each strategy
using generalised estimating equations (GEE). We fit a
logistic GEE model with an unstructured matrix to account
for the correlation of houses within the same cluster.”’ We
had 56 clusters in total, with 14 clusters for each arm and
between 90 and 180 houses in each cluster. The GEE model
included two prespecified household-level covariates: the
household’s Cycle 1 infestation (infested, not infested) and
participation status (sprayed, refused or closed). We did not
include in the GEE logistic model any cluster-level variable.
Clusters were balanced as described above. This estimation
strategy yields robust SEs. The inclusion of prior infestation
and participation status of the household from Cycle 1 as
covariates addresses any correlation in participation within
household over time, which itself is likely to be associated
with unobserved cluster fixed effects. We conducted a
prespecified intent-to-treat (ITT) analysis with all eligible
households, as well as a prespecified per protocol analysis,
restricted to households who received a campaign visit.

Ancillary and exploratory analyses

During the trial in Alto Selva Alegre, the MOH also initiated
the spray campaign in a neighbouring district, Cerro Colo-
rado. This afforded us the opportunity to trial at least one
intervention against the usual campaign during Cycle 1. In
partnership with the MOH, who were interested in poten-
tial scale-up of the most effective intervention, we selected
the lottery intervention to trial in Cerro Colorado prior
to the completion of the main trial in Alto Selva Alegre.
The lottery arm was chosen given interest in its potential
to increase participation, but also given concerns about its
feasibility, acceptability and scale-up. A total of 1610 house-
holds in 17 clusters in Cerro Colorado were randomised to
lottery or control for Cycle 1 of the attack phase using the
same procedures as in the main trial, and similar campaign
outcome data were collected from these households.

We also assessed two secondary outcomes related to
overall campaign efficiency: conditional on being sprayed,
we assessed whether the household was sprayed during
the initial pass through the neighbourhood versus during

‘catch up’ or weekend campaign visits (as a proxy for
ease of getting the house sprayed) and the number of
minutes required to complete the insecticide application
(as a proxy for how well the home had been prepared
for spraying). We used linear regression fit with GEE to
compare number of minutes required to spray the home
and logistic regression fit with GEE to compare the timing
of spray (initial wave or catch-up/weekend) across treat-
ment arms. Secondary analyses were conducted for the ITT
and per protocol samples; ITT results are described below.
Given its programmatic relevance, we also conducted a
post hoc exploratory analysis of participation by treatment
arm only for those households in Alto Selva Alegre who
had refused to participate in Cycle 1. The post hoc analysis
used logistic regression fit with GEEs but did not include
prior participation status as a covariate. Fidelity and process
measures, reasons for refusal to participate and household
responses to campaign interventions were tabulated using
appropriate descriptive statistics. All analyses were carried
out using Stata V.15.0.

RESULTS

We randomised 4974 eligible households from 22
localities in 14 clusters to treatment arms (figure 1).
Excluding 48 houses lost to follow-up (for which we
have no outcome measure) and four uninhabited
houses, our ITT analysis included 4922 households.
For per protocol analysis, we further excluded 556
households who did not receive a campaign visit. Base-
line household characteristics were for the most part
comparable across treatment arms in both ITT and per
protocol samples (table 1). One notable exception was
the higher proportion of vacant lots in the block leader
recruitment arm (4.1% vs 0.1%-0.2% in the other
arms). Cycle 1 participation rates across treatment arms
were 82.8% (control), 82.8% (advanced planning),
78.7% (block leader recruitment) and 81.8% (contin-
gent group lottery).

Participation by treatment arm

Cycle 2 participation was high (82.2%) in the study
area (table 2), with little difference across study arms:
1052/1273 (82.6%) in the control arm; 1057/1267
(83.4%) in advanced planning; 930/1180 (78.8%)
in block leader recruitment; and 1005/1202 (83.6%)
in contingent group lotteries (table 2). Participation
in the unadjusted per protocol analysis was higher at
90.3% overall, with 91.1% in the control arm, 91.7%
in advanced planning, 87.1% in block leader recruit-
ment arm and 91.0% in contingent group lotteries.
Pearson X” tests suggest lower participation in the
block leader recruitment arm compared with advanced
planning and group lotteries in the ITT sample and
lower participation compared with all other arms in
the per protocol sample (table 2). In regression models
estimating participation and controlling for covariates,
no intervention arm was significantly different from
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Figure 1

the control arm in either ITT or per protocol analyses
(table 3). As expected, and consistent with our prior
work, coefficients on control variables in our prespec-
ified analyses show that participation was substan-
tially higher (adjusted OR (aOR): 8.85, 95% CI 4.43
to 17.70) in households in the ITT sample that were
sprayed and were previously found to be positive for
bugs, and also higher (aOR: 4.49, 95% CI 3.33 to 6.06)

Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

in households that were sprayed but were found to be
negative for bugs (uninfested) in Cycle 1. Houses that
were uninhabited during Cycle 1 were also more likely
to be treated (aOR: 2.19, 95% CI 1.33 to 3.62), and lots
recorded as public lots in the first treatment were less
likely to be treated during Cycle 2 (aOR: 0.10, 95% CI
0.02 to 0.45). Households who had refused treatment
in Cycle 1 were not significantly more or less likely to

Table 1 Baseline characteristics by treatment arm (n, %)
Advanced Block leader Contingent
Control planning recruitment group lottery Total sample P
(n=1273) (n=1267) (n=1180) (n=1202) (n=4922) Pearson 2> values
Cycle 1 household status
Sprayed, infested 49 (3.9%) 37 (2.9%) 39 (3.1%) 40 (3.3%) 165 (3.4%) 1.71 0.64
Sprayed, not infested 1004 (78.9%) 1005 (79.3%) 892 (75.6%) 944 (78.5%) 3845 (78.1%) 6.01 0.11
Closed 104 (8.2%) 94 (7.4%) 74 (6.3%) 80 (6.7%) 352 (7.2%) 3.94 0.27
Refused 98 (7.7%) 106 (8.4%) 118 (10.0%) 123 (10.2%) 445 (9.0%) 6.89 0.08
Uninhabited 12 (0.9%) 15 (1.2%) 8 (0.7%) 10 (0.8%) 45 (0.9%) 1.84 0.61
Vacant lot 2 (0.2%) 10.1%) 48 (4.1%) 2 (0.2%) 53(1.1%) 130.4 <0.01
Public lot 4 (0.3%) 9 (0.7%) 1(0.1%) 3 (0.3%) 17 (0.4%) 7.58 0.06

Sprayed: house was treated with insecticide by campaign brigade. Infested: campaign staff found evidence of infestation by triatomine
insects. Closed: no household member answered the door during campaign visits. Refused: household declined to allow the campaign to

spray the house.
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Table 2 Pairwise comparison of proportion of households participating in insecticide treatment during Cycle 2 of attack
phase Chagas disease vector control campaign, Arequipa, Peru, 2015, by treatment arm and analytic sample

Pairwise comparison

Pearson 3> P values

Intent-to-treat

Control (1052/1273, 82.6%) versus advanced planning (1057/1267, 83.4%) 0.278 0.598
Control (1052/1273, 82.6%) versus block leader recruitment (930/1180, 78.8%) 5.778 0.016
Control (1052/1273, 82.6%) versus contingent group lottery (1005/1202, 83.6%) 0.416 0.519
Advanced planning (1057/1267, 83.4%) versus block leader recruitment (930/1180, 78.8%) 8.513 0.004
Advanced planning (1057/1267, 83.4%) versus contingent group lottery (1005/1202, 83.6%) 0.015 0.901
Block leader recruitment (930/1180, 78.8%) versus contingent group lottery (1005/1202, 83.6%) 8.989 0.003
Per protocol
Control (1037/1138, 91.1%) versus advanced planning (1044/1138, 91.7%) 0.275 0.600
Control (1037/1138, 91.1%) versus block leader recruitment (914/1049, 87.1%) 9.046 0.003
Control (1037/1138, 91.1%) versus contingent group lottery (995/1093, 91.0%) 0.006 0.940
Advanced planning (1044/1138, 91.7%) versus block leader recruitment (914/1049, 87.1%) 12.371 <0.0001
Advanced planning (1044/1138, 91.7%) versus contingent group lottery (995/1093, 91.0%) 0.353 0.552
Block leader recruitment (914/1049, 87.1%) versus contingent group lottery (995/1093, 91.0%) 8.412 0.004

participate in Cycle 2 (aOR 1.48, 95% CI 0.36 to 6.09).
These results were directionally similar for the per
protocol sample. Cluster-level participation rates by
arm are shown in figure 2.

Ancillary and secondary analyses
The trial of the lottery arm for Cycle 1 in Cerro Colo-
rado did not result in significant differences in the odds
of participation compared with the control campaign
(OR=0.74, 95% CI 0.45 to 1.21, results not shown).

We hypothesised a priori that the advanced plan-
ning intervention may have improved the efficiency of

the campaign by encouraging households to be better
prepared for the sprayers’ arrival, thereby reducing
the amount of time the spray brigades had to spend
in the home. In contrast to our hypothesis, no inter-
vention group required fewer minutes to be sprayed
than households in the control group (table 4). We also
hypothesised that the interventions might encourage
households to agree to participate sooner in the
campaign (ie, not require additional promoter or spray
brigade visits during weekend or ‘catch-up’ periods).
In contrast, households in the block leader recruitment

Table 3 ORs from models estimating household participation (receipt of insecticide treatment) during Cycle 2 of Chagas
disease vector control campaign, Arequipa, Peru, 2015, by treatment arm and analytic sample

Outcome: household treated, Cycle 2

Intent-to-treat aOR (95% CI)

Per protocol aOR(95% CI)

Study arm (ref: control)

Advanced planning
Block leader recruitment
Contingent group lottery

Cycle 1 household status (ref: closed)

Cycle 1: sprayed, positive
Cycle 1: sprayed, negative
Cycle 1: uninhabited
Cycle 1: refused
Cycle 1: public lot
Cycle 1: vacant lot
Constant
n (households)

1.07 (0.87 to 1.32)
0.95 (0.78 to 1.15)
1.12 (0.89 to 1.39)

8.85 (4.43 to 17.70)
4.49 (3.33 to 6.06)
2.19 (1.33 to 3.62)
1.48 (0.36 to 6.09)
0.10 (0.02 to 0.45)
0.79 (0.57 to 1.10)
1.54 (1.13 to 2.10)
4922

1.15 (0.78 to 1.69)
0.99 (0.72 to 1.37)
1.04 (0.76 to 1.42)

12.86 (4.13 to 40.06)
3.87 (2.65 to 5.66)
8.10 (1.19 to 55.28)
1.45 (0.31 to 6.83)
0.03 (0.01 t0 0.12)
0.55 (0.35 to 0.87)
3.84 (2.72 to 5.43)
4418

Adjusted ORs (aOR) from logistic regressions of the odds of households being treated (sprayed with insecticide) during Cycle 2 of the

Chagas disease vector control campaign in Arequipa, Peru. Regression models are estimated using generalised estimating equations with
robust SEs. Cls are adjusted for clustering of households within clusters. All covariates included in the model are shown in the table above.
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Participation strategy
4 Advanced planning
Block leader recruitment
Contingent group lottery
4 Control

+ %

Participation level (%)
95
0.90
0.85

0.80
0.75

Figure 2 Map showing cluster-level participation rates in
Cycle 2 of Chagas disease vector control campaign indoor
residual spray campaign attack phase by intervention arm,
Alto Selva Alegre District, Arequipa, Peru.

arm were less likely (aOR: 0.68, 95% CI 0.55 to 0.83)
to be sprayed during the initial spray period compared
with control households (online supplementary table
S1).

An exploratory analysis examined Cycle 2 participa-
tion among only those households who had refused
to be sprayed in Cycle 1 of attack phase (vs being a
‘closed’ house that never answered the door at any
promoter or sprayer visit). Among this subsample of

Table 4 Coefficients from ancillary analysis of efficiency of
Chagas disease vector control campaign, Arequipa, Peru,
2015

Minutes to spray
house, among treated
households

B (95% CI)

Study arm (ref: control)
Advanced planning 1.08 (-1.02 to 3.17)
3.91 (1.85 to 5.97)
3.51 (1.38 to 5.64)
Cycle 1 household status (ref: closed)
6.85 (1.86 to 11.84)
—-1.49 (-4.81 to 1.82)
-13.47 (-22.07 to 4.86)
-11.79 (-25.79 to 2.22)
-21.27 (-39.41 t0 3.13)
—-0.37 (-4.78 to 4.04)
52.55 (49.13 to 55.98)
4010

Block leader recruitment
Contingent group lottery

Cycle 1: sprayed, positive
Cycle 1: sprayed, negative
Cycle 1: uninhabited
Cycle 1: refused
Cycle 1: public lot
Cycle 1: vacant lot
Constant
n (households)

Coefficients are from a linear regression of the duration of

the household treatment (insecticide application) in minutes
during Cycle 2 of the Chagas disease vector control campaign
in Arequipa, Peru. Regression models are estimated using
generalised estimating equations. Cls are adjusted for clustering
of households. Unadjusted mean number of minutes to spray
house in control arm=51.4 min.

8

445 households, odds of participation were 2.5 times
higher among the advanced planning treatment arm
compared with control households (online supplemen-
tary table S1; aOR: 2.50, 95% CI 1.41 to 4.43).

Analysis of fidelity measures indicated minimal
problems with the delivery of the interventions. For
example, 66% of households in the advanced planning
arm who answered the door during the advanced plan-
ning visit scheduled a spray appointment in advance.
In the block leader recruitment clusters where detailed
data were collected on block leader activities, leaders
were recruited in all clusters, ranging from 2 leaders
for 73 households in one cluster to 8 leaders for 77
households in another cluster. Activity rosters for block
leaders recorded visits to or conversations with most
assigned households. Of 135 households who won
lottery prizes, all but 20 redeemed the voucher at the
hardware store.

We compared recorded reasons for refusing the insec-
ticide spray in Cycle 2 across treatment arms (online
supplementary table S2). The two most commonly
stated reasons, consistent with our earlier research,19
were not having time to wait at home or miss work to
accommodate the spraying, and allergies (meaning
both allergic reactions to the insecticide and concerns
that household members with other allergies would
have negative reactions to the insecticide spray). Across
the intervention arms, not having time to participate
was mentioned less among the advanced planning
(17.5%) and lottery groups (17.7%) compared with
control (27.0%) and block leader recruitment (30.5%)
arms. Allergy concerns were more common for control
(14.3%) and advanced planning (14.0%) than for
block leader recruitment (10.2%) and contingent
group lottery (9.8%) arms.

We assessed potential spillover and contamination
effects by surveying a subsample of households in all
treatment arms several weeks after the Cycle 2 spraying.
We asked whether they had been aware of other strate-
gies used by the campaign to encourage participation
in addition to the strategy they were exposed to. Aware-
ness of no other strategies was high: 98.0% (control),
94.5% (advanced planning), 88.8% (block leader
recruitment) and 97.4% (contingent group lotteries).
The advanced planning and block leader recruitment
arms were most aware of the lottery; the lottery arm was
most aware of advanced planning. The other strategies
reported by households in the control arm were not
strategies actually used in the trial or by the campaign.

DISCUSSION

We tested the effect of three behaviourally informed
interventions to improve participation in a Chagas disease
vector control campaign in Arequipa, Peru, through
a cluster randomised trial. The study was motivated by
declines in participation observed in recently sprayed
districts,' and by the hypothesised potential of strategies
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https://dx.doi.org/10.1136/bmjgh-2018-000757
https://dx.doi.org/10.1136/bmjgh-2018-000757
https://dx.doi.org/10.1136/bmjgh-2018-000757
https://dx.doi.org/10.1136/bmjgh-2018-000757
https://dx.doi.org/10.1136/bmjgh-2018-000757
https://dx.doi.org/10.1136/bmjgh-2018-000757

8 BMJ Global Health

informed by behavioural economics. Each of the trialled
strategies—advanced planning, block leader recruitment
and contingent group lotteries—was designed to address
specific behavioural roadblocks to participation. In our
trial of almost 5000 households experiencing the second
of two cycles of door-to-door insecticide application,
none of the strategies improved participation relative to
the usual campaign. In a separate sample of households
in another district experiencing the first cycle of the
campaign, the lottery intervention also did not improve
participation relative to the control. The strategies also
did not appear to reduce the amount of time needed
to spray each house, nor improve the pace with which
households agreed to be sprayed. The only significant
improvement in participation associated with the behav-
iourally informed strategies (in an exploratory anal-
ysis) was a 2.5 times higher odds of participation in the
advanced planning arm compared with control, among
only those households who had refused participation in
the first cycle of spray. This is consistent with time and
scheduling constraints being the most common stated
reason for refusal to participate in the campaign.

Our results add to a slim literature on strategies
to improve participation in community-based vector
control efforts. Most prior work in this area comprises
observational studies of community perceptions of vector
control efforts including IRS campaigns. Prior research
suggests that participation decisions are often driven by
factors other than disease prevention, particularly civic
duty.” ® The most commonly cited barriers to partici-
pation included fear of theft during control activities,”*
odours and allergic reactions to insecticide® and logis-
tical challenges.” ® While community engagement and
mobilisation activities were associated with higher rates
of participation,” " these strategies have not been evalu-
ated in a randomised trial.

We note two factors that may have contributed to our
finding of no effect. First, as mentioned above, our inter-
ventions were originally designed to boost participation
in Cycle 1 of insecticide spray, that is, in a ‘campaign
naive’ district. However, for practical reasons related to
campaign timing and progression, we conducted the trial
during Cycle 2, when households already had experience
with campaign promotion and messaging and had already
made a participation decision several months earlier. (We
note that this was not true for our ancillary analysis of the
lottery intervention vs control conducted during Cycle 1
in a neighbouring district, which also found no increase
in participation.)

Second, our trial was also affected by an unexpected
increase in participation achieved in both spray cycles
and across all arms.'” This was partially endogenous
to the trial: while we provided trained staff to assist in
promoting the campaign as we have done in the past,
this was the first time that our research team was focused
specifically on improving participation (vs observing
infestation patterns). We also suspect that Hawthorne
effects may have come into play, as field personnel were

closely monitored by our study staff during all campaign
activities and across all arms of the study. An additional
factor resulting in participation rates right around 80%
across all arms emerged over the course of the trial in our
study district. In an effort to keep the campaign moving
forward, an official decided to require spray brigades to
achieve 80% coverage before designating a locality as
completed. This directive effectively (and perversely)
placed a cap on participation rates—once 80% coverage
in a locality was reached, brigades were free to leave
the locality without expending marginal effort to get
participation beyond 80%. While our study arms were
intentionally randomly distributed across localities, the
net effect of this ad hoc quota on the locality level was
to decrease the power of our study by homogenising
coverage and compressing opportunities for any arm to
exceed that quota. While the quota rule was not official
policy nor formalised in the campaign protocol, it never-
theless was operationalised on the ground by campaign
staff, a reminder of the pragmatic nature of this type of
large-scale trial and the challenges of maintaining fidelity
to protocol.

One important advantage of the pragmatic trial
approach, however, is strong external validity. While trials
incorporating financial incentives are often criticised for
not being scalable or generalisable, we argue that the
design of our lottery incentives and our collaboration
with MOH through all phases of the trial ensured that,
had they proved successful in boosting participation, the
lottery incentives could have been implemented in the
Arequipa campaign and elsewhere. The rapid deploy-
ment of mobile devices and applications (“apps”) in
public health campaign fieldwork also makes commu-
nity-responsive scheduling and justin-time dispatching
of spray brigades more feasible, even in low-resource
settings. Our block leader strategy was a specific example
of the widespread use of community health workers”
and the purposive leveraging of social capital and social
networks to support health behaviour change.” We will
further assess generalisability of our strategies in planned
analyses of cost-effectiveness, household response to the
strategies and potential crowding out of motivation to
participate in public health campaigns associated with
receipt of financial incentives.”*"

Our study is among the first to take an explicit
behavioural design approach to the development
and evaluation of strategies for global public health
programmes including vector control. Our interven-
tions were motivated by our own prior work suggesting
that households were more likely to accept insecticide
treatment when their neighbours had also participated;
that households were inconvenienced by the logistics of
the current campaign; and that households’ knowledge
of Chagas disease risk and transmission was low."’ ** Our
failure to significantly increase participation may have
emerged at several points in our process of behavioural
design in this context: First, gaps in campaign participa-
tion may not be due primarily to behavioural roadblocks
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but rather to structural barriers. In other words, this may
not be a problem that behavioural insights can help fix.
Based on our prior experience with the campaign and
our formative work, we think this is unlikely. Second,
we may have misdiagnosed the behavioural roadblocks
in our formative work or mismatched our intervention
design (employing behavioural economic strategies)
to the behavioural roadblocks to participation experi-
enced by Arequipan households. This is certainly a possi-
bility, and further refinement and systemisation of the
behavioural diagnosis and design steps are needed to
ensure a robust match of behaviourally informed inter-
ventions to target behaviours. Third, our interventions
may have been appropriately matched to behavioural
bottlenecks but simply not of sufficient ‘dose’ or salience
to make a difference. We were not able to test in this
pragmatic trial whether, for example, more visits from a
block leader or a larger lottery prize could have made
a difference. Lastly, fidelity to the interventions may
have been imperfect, leading to confusion or misunder-
standing among household members despite our efforts
to describe the interventions in clear and simple terms;
our fidelity measures, however, do not suggest this. Ulti-
mately, our null results may reflect the practicalities of
implementing feasible interventions in the context of an
ongoing MOH campaign. Several interventions that were
developed early in our process were abandoned due to
low feasibility and acceptability.”®

Limitations

Given the pragmatic nature of the trial, there were some
deviations from normal campaign operations and from
our trial plan. These included the additional campaign
staff provided by the study team and the ad hoc quota on
locality-level participation described above. In addition,
the trial district experienced unexpected campaign stop-
pages several times, for weather delays, special promo-
tional events and an active canine rabies outbreak.”
However, we have no reason to suspect that these factors
differentially affected outcomes by study arm. Despite
careful attention to balanced assignment of clusters to
study arms, the block leader recruitment arm did end up
with a disproportionate number of abandoned proper-
ties and vacant lots; relatedly, our field staff also observed
anecdotally that several of the block leader recruitment
clusters exhibited low social capital and social connect-
edness, which made recruitment of block leaders chal-
lenging. While our study design introduced the potential
for spillover and contamination, few households reported
awareness of campaign interventions (eg, lotteries or
advanced planning) that they did not receive.

CONCLUSIONS

Achieving high levels of household participation is
crucial for many community-based disease preven-
tion efforts including door-to-door vector control
campaigns. Our trial of behaviourally informed

strategies to increase participation was not successful
in doing this, with the possible exception of influ-
encing households who had previously refused
participation. The trial offers lessons for researchers
and practitioners alike about how the intervention
design process (particularly understanding barriers to
participation from a behavioural lens) intersects with
the challenges of pragmatic trials of existing health
programmes. A great advantage of pragmatic trials is
that they test effectiveness in practice, although this
often results in smaller effect sizes than in smaller
efficacy studies with greater control over design and
delivery of interventions. Our results also prompt us
to think about heterogeneous treatment effects in
order to tailor and target interventions, particularly in
large-scale programmes. We remain optimistic about
the potential to apply behavioural insights to public
health campaigns where household engagement is key
to success and will continue to pursue this approach
in ongoing research in vector and pest control, canine
rabies vaccination and child anaemia.
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