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Abstract

In Arequipa, Peru, a large-scale vector control campaign has successfully reduced urban
infestations of the Chagas disease vector, Triatoma infestans. In addition to preventing new
infections with Trypanosoma cruzi (etiological agent of Chagas disease), the campaign pro-
duced a wealth of information about the distribution and density of vector infestations. We
used these data to create vector infestation risk maps for the city in order to target the last
few remaining infestations, which are unevenly distributed and difficult to pinpoint. Our
maps, which are provided on a mobile app, display color-coded, individual house-level esti-
mates of T. infestans infestation risk. Entomologic surveillance personnel can use the maps
to select homes to inspect based on estimated risk of infestation, as well as keep track of
which parts of a given neighborhood they have inspected to ensure even surveillance
throughout the zone. However, the question then becomes, how do we encourage surveil-
lance personnel to actually use these two functionalities of the risk map? As such, we carried
out a series of rolling trials to test different incentive schemes designed to encourage the fol-
lowing two behaviors by entomologic surveillance personnel in Arequipa: (i) preferential
inspections of homes shown as high risk on the maps, and (ii) even surveillance across the
geographical distribution of a given area, which we term, ‘spatial coverage.’ These two
behaviors together constituted what we termed, ‘optimal map use.” We found that several
incentives resulted in one of the two target behaviors, but just one incentive scheme based
on the game of poker resulted in optimal map use. This poker-based incentive structure
may be well-suited to improve entomological surveillance activities and other complex multi-
objective tasks.

Introduction

Vector-borne diseases kill at least 700,000 people each year [1]. A common method for inter-
rupting vector-borne disease (VBD) transmission is to target vector populations, especially
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blood feeding insects, in human-dominated areas, often through large-scale vector control
campaigns. These efforts have successfully reduced incidence of VBDs such as malaria and
Chagas disease [2-4], and in the process have also produced a wealth of information about vec-
tor distribution and density [5]. Such data could be used to guide subsequent surveillance and
control activities [6].

One avenue for utilizing vector control data is to incorporate them into risk maps. In recent
years, risk map technology has advanced rapidly [7-11]; computational power now allows for
precise inference over large areas [12-14], while mobile technology can bring up-to-date pre-
dictions directly to surveillance personnel in the field [10,15,16]. Nonetheless, achieving opti-
mal use of the complex spatio-temporal information provided by risk maps still hinges on the
behavior of the technicians tasked with the job. Simply generating and delivering a map does
not ensure its appropriate use [10], which can require the end users to be cognizant of multiple
types of information at once, in addition to any other behavioral changes involved when
implementing a new tool at work.

Such is the case for the mobile app, VectorPoint, which provides risk maps for domestic
infestations of the Chagas disease vector Triatoma infestans in Arequipa, Peru (pop: ~1.3 mil-
lion). Chagas disease is a vector-borne infection caused by the parasite Trypanosoma cruzi.
The disease is chronic if left untreated, leading to serious cardiac, gastrointestinal, and/or
peripheral nervous system morbidity in about 30% of those infected [17].

Opver the past two decades, a large-scale insecticide campaign in Arequipa has significantly
reduced the number of buildings in the city with Chagas disease vector infestations, resulting
in infrequent infestations of households (there are no wild vectors in the region) that are spo-
radically distributed across the urban landscape. At the height of the campaign, over 30 dedi-
cated field personnel worked on vector control. However, that number has dropped with the
prevalence of infestation and presently there are no full-time staff dedicated to Chagas disease
vector control. Inspections for vector infestation are conducted by surveillance personnel who
are responsible for a variety of disease prevention activities, in addition to routine laboratory
work.

Due to these constraints in time and resources, only a small percentage (<20%) of houses
in each district are inspected for vector infestation each year. These houses are often selected
based on convenience, which can result in large swaths of uninspected houses. The risk maps
in the VectorPoint app were created as an attempt to alleviate this issue by providing surveil-
lance personnel with the opportunity to make evidence-based decisions about which houses to
inspect for T. infestans in the challenging post-vector control campaign scenario. Personnel
can use the risk map to select houses to inspect based on the house’s estimated risk of infesta-
tion, as well as keep track of which houses they have inspected in a given area to ensure that
they surveil evenly throughout the area. However, the question then becomes, how to encour-
age surveillance personnel to use these two functionalities of the risk map, which we define as
optimal map use.

Therefore, in this study, we asked if incentives could help to bridge the gap between risk
map delivery and optimal map use by surveillance personnel. We operationalized optimal map
use with the following two target behaviors by surveillance personnel: (1) preferential inspec-
tions of houses displayed in the risk maps as higher risk, and (2) inspecting houses that were
distributed evenly throughout the area they were tasked with surveilling. We investigated this
question through a series of rolling trials, and generated trial-specific hypotheses in an iterative
manner, based on results from the previous trial. Specific hypotheses are presented below with
the information for each trial.
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Methods
Overview

We conducted a rolling series of four trials in which we evaluated infestation risk map use by
vector control personnel (hereafter referred to as participants) under different incentive
schemes. Each trial took place in a district of Arequipa, Peru that had a history of T. infestans
infestation (described below).

Ethics statement

All participants provided written informed consent to participate in the study. The study was
approved by the institutional review boards of the University of Pennsylvania (protocol num-
ber 824603) and the Universidad Peruana Cayetano Heredia (protocol number 66427).

Study sites

Trials were conducted in four of Arequipa’s twenty-nine districts: the Socabaya district, the
Cayma district, the Jose Luis Bustamante y Rivero (JLByR) district, and the Miraflores district
(Fig 1). All districts had a population of at least 75,000 people, and a history of substantial 7.
infestans infestation during the insecticide treatment phase of the vector control campaign car-
ried out between 2007 and 2012. Further demographic and historical information for each dis-
trict are provided in the supplementary materials (S1 Text).

Experimental design

Each of the four trials had at least two arms in which we tested different incentive schemes.
Trials followed a crossover design in which participants were compared to themselves across
arms of the same trial [18]. Participants were assigned to a trial arm for five days (Mon-Fri),
working for approximately five hours per day. For logistical reasons (vacations), some individ-
uals did not participate in every trial. Six individuals participated in the first three trials, and
nine in the final trial. Figs 2 and 3 provide incentive scheme overviews while Fig 4 illustrates
the full experimental design.

In each trial arm, a participant was assigned to surveil a new ‘search zone,” which were con-
tiguous areas within one of the four districts that contained 400-600 households. This number
of households is similar to that which a vector control technician might surveil in a given
week. The boundaries of the zones were artificial, (as are the politically defined districts in
which they are located), but they generally followed natural features of the landscape. Each
search zone was included in the study only once. We randomized the assignment of search
zones and the order in which each arm was carried out.

VectorPoint app

Risk maps for vector infestation were provided on smart phones using our cloud-based mobile
app called VectorPoint (described in detail in [10,19]). Briefly, the app provides risk maps
based on current and historical data in addition to a data entry form that is used to record data
from each home inspection, after which the data is sent to the data base and incorporated into
the next run of the model (see below). Each participant had at least one month of experience
using the VectorPoint app prior to the study.
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Metropolitan area of Arequipa ?
M Socabaya district (Trial 1)
B Cayma district (Trial 2)
JLByR district (Trial 3)
B Miraflores district (Trial 4) /

Fig 1. Map of study sites. Left: Western hemisphere with Peru shown in dark blue and the state of Arequipa in light blue. Right: Zoomed in map of the city of
Arequipa (gray) and the study sites highlighted as described in the color-coded legend. The hemisphere map was created in R using the “maptools” package
and the object “wrld_smpl,” which contains simplified world country polygons based on NASA data available on the NASA public Github page under ‘World-
Wind-Java’ (https://github.com/nasa/World-Wind-Java/tree/master/ WorldWind/testData/shapefiles). The Arequipa map was generated using our data.

https://doi.org/10.1371/journal.pgph.0000145.9001

Risk maps

Risk maps displayed a given search zone in which each household in the zone was displayed as
a dot that was colored one of five colors. Each of the five colors represented the risk of that
household being infested with T. infestans relative to all other houses in the same search zone
(Fig 2). Risk estimates displayed in the map were generated using infestation data from the
Arequipa vector control campaign run in a longitudinal, spatio-temporal model described pre-
viously [10,19]. The model was run every evening to incorporate new information collected
during inspections that day. To avoid any influence from vector surveillance activities in
nearby areas, we ran the model on each search zone individually. Risk maps were updated and
synched with the app each morning for participant use.

Measuring optimal map use: Quantifying risk information use and spatial
coverage

We measured risk information use by calculating the average risk level (ranging from one to
five) of the houses inspected by each participant during each trial arm (i.e., one week) (see
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Fig 2. Representation of risk-based and spatial incentives. Left: Map displaying a search area of N households, each represented by a dot that is colored one
of five colors representing relative risk of vector infestation. Top right: ‘@’ represents the reward for risk information use, which was earned in a stochastic or
fixed incentive scheme. Bottom right: p represents the reward for spatial coverage, which is calculated by subtracting the maximum number of uninspected
houses bounded by Delaunay triangles formed between the inspected houses, T, from the minimum expected coverage (N *.05). In the first three trials, the total
reward was a weighted average of @ and B. In the final trial, values of @ and B were added together to form hierarchical ’poker hands’.

https://doi.org/10.1371/journal.pgph.0000145.9g002

Box 1: Key Terms). We quantified spatial coverage of the search zone using a new functionality
in the VectorPoint app that draws lines between inspected houses and divides the uninspected
spaces into triangles (see Box 1: Key Terms). Every time a new house was inspected, the house
became a vertex in a set of Delaunay triangles [20]. New triangles were formed in the app in
real time, and were immediately visible to the participants, allowing them to monitor their spa-
tial coverage. We used the number of uninspected houses in the largest triangle as the metric
with which we evaluated spatial coverage (Fig 2), and this was also calculated for each partici-
pant at the end of each trial arm.

Box 1: Key terms

Risk information use: Preferential inspection of houses that are displayed in the risk
maps as red or dark red, which represent the top two infestation risk quintiles (‘highest’

and ‘high,” respectively).

Spatial coverage: The degree to which a search zone is evenly searched across its entire
geographic area. The goal of spatial coverage is to avoid large swaths of inspected houses

in any given area.
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Incentive structures

Each incentive structure was designed to encourage participants to use the household-level
infestation risk information presented in the risk map while also displaying good spatial cover-
age of their search zone. We refer to this as our ‘dual objective,” which we represent visually in
Fig 2. Rewards were rewarded in Peruvian soles. One Peruvian sol is equivalent to approxi-
mately $0.28 USD.

o Fixed risk information utilization: Under this incentive scheme, one of five payment
amounts was awarded to participants for each house they inspected. The five payment
amounts were positively correlated with the five risk levels (as shown by five colors in the
risk map) in order to encourage participants to utilize the household level risk information
presented in maps.

« Spatial coverage: Under the spatial coverage incentive, participants were rewarded for sur-
veilling evenly across the total area of their search zone, quantified as described above. A
minimum expected coverage was established as 5% of the total number of houses in each
search zone. As a reminder, the inspected houses formed vertices of a set of Delauney trian-
gles [20]. The largest of these triangles—which represents the biggest "hole’ in the search
area, was identified (Fig 2). If the largest of the triangles contained fewer houses than the
minimum expected coverage, a reward was given. The size of the reward increased with each
subsequent decrease in the number of households situated in the largest triangle.

o Secret houses: With this incentive, we aimed to encourage participants to use the risk infor-
mation in the maps by providing rewards for inspecting certain ‘secret’ houses that were not
revealed to participants ahead of time. Participants were informed that houses with a higher
infestation risk level had a higher probability of being ‘secret’ houses. We chose secret houses
using weighted random selection, in which each house was weighted proportionally to its
estimated risk quintile. We informed participants at the end of each day if they had inspected
a secret house. Monetary values awarded for inspecting a secret house differed by trial and
arm.

Pay per detection: In this incentive structure we aimed to motivate participants to adopt
both target strategies by allocating large financial rewards for detecting and inspecting
infested houses. The probability of finding an infested house in Arequipa is very low, so the
larger reward was balanced by the lower expectation of a payout.

o Poker incentive structure (Fig 3): Under this incentive structure points were awarded for
achieving the goals described below. When participants accumulated 500 or 1000 points,
they could trade the points in for four hours or a day off work, respectively. The possible
goals (‘poker hands’) were:

o High card (one point per home inspection): A point was awarded for each home inspection
carried out, regardless of spatial coverage achieved or house risk level. A home inspection
was analogous to a poker hand that has no flush or straight, and is thus scored on its highest
card.

o Straight (100 points + possible bonus points): The next level up was a ‘straight,” which
describes a poker hand of five cards in sequence, but of different suits. In this case, spatial
coverage was analogous to card sequence; a ‘straight’ was achieved when the number of
houses in the largest Delaunay triangle was less than 5% of the total number of houses in
the search zone. Once the minimum spatial coverage requirement for the straight was
achieved, bonus points were awarded; bonus points were calculated by first multiplying the
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Fig 3. Poker incentive scheme. Column 1: Poker hands corresponding to each goal (i.e., different ways to earn points). Column 2: Images represent goals that
participants could choose to achieve: Infested house detection (bug image), higher risk house inspections (five-color risk quintile image), and good spatial
coverage (map image). The house image represents inspections regardless of house risk level or spatial coverage. Column 3: Base number of points for each
hand. Column 4: Additional points (also referred to as ‘bonus points’) were awarded when participants exceeded the goals shown in the second column (details
can be found in the poker hand descriptions in the text preceding the figure).

https://doi.org/10.1371/journal.pgph.0000145.g003

difference between 5% of the number of houses in the search zone and the number of
houses in the largest Delaunay triangle by five.

o Flush (100 points + possible bonus points): A ‘flush’ refers to a poker hand with five cards
of the same suit in no sequential order. In our poker incentive scheme, a flush was achieved
when the mean risk level of all houses inspected in a week was at least four (out of five possi-
ble levels/quintiles). Once the minimum requirement for the flush was met, each inspection
garnered one to five additional points corresponding to house risk level. For example, five
additional points were awarded for each inspection of a highest risk house, four points for
second highest risk level, and so on for all five risk levels.

o Straight flush (300 points + possible bonus points): A ‘straight flush’ is a poker hand with
five cards of the same suit (the flush) in sequential order (the straight). Hence, a straight
flush was achieved under the poker incentive scheme by inspecting houses with a mean risk
level of four and spatial coverage over 5%. The number of bonus points awarded for a
straight flush was the sum of the additional points that would be calculated for a straight
and a flush, as described above.

o Wild card (500 points + possible bonus points): Detecting infestations in a low-prevalence
situation involves some combination of strategy and luck. We draw the analogy to using a
wildcard—which, in some versions of poker, confers great advantages to the player who
draws it. In our poker incentive scheme, participants scored a ‘wild card’ by detecting an
infested house. In addition, one bonus point was awarded for each house inspection,
regardless of risk level.
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Statistical analyses

All statistical tests were carried out in the R statistical computing environment [21]. Given the
ordinal nature of the outcome variable for risk information use, we used a proportional odds
logistic regression (POLR function from the MASS Package [22]) to compare the number of
houses that participants inspected in each risk quintile under the different arms of each trial.
For analyses of spatial coverage in the trials with two arms (Cayma, JLByR and Miraflores tri-
als, described below), we performed a paired t-test for each trial in which we compared spatial
coverage between arms. To analyze spatial coverage in the Socabaya trial, which had three
experimental arms and one control arm, we carried out a paired t-test comparing spatial cov-
erage in each of the three experimental arms to that of the control arm.

Results

For ease of comprehension, we preface the results for each trial with the hypothesis tested in
the trial, as well as the trial set up. Table 1 is provided as a quick reference for the incentive
scheme descriptions, and Fig 4 provides an overview of all trials. Trial names reflect the district
in which they were carried out. Data for each participant are available in S1 and S2 Tables and
S1 Fig. All results are summarized in Table 2. For each district, we report the number of houses
visited and the number of houses inspected. A ’visit’ refers to when a technician goes to a
house and requests permission to perform an inspection. If the house is inspected, then it is
considered as such. If no one is home, or if the homeowner does not allow the inspection, the
house is considered *visited” but not inspected. Only houses that were inspected were included
in our incentive analyses.

Trial one: Socabaya

Hypothesis. In this trial, our hypothesis was generated based on two previous pilot studies
in which we observed that participants focused more on triangulation (spatial coverage) than
using risk information. Thus, in this trial we tested the hypothesis that a higher reward amount
for risk information use than for spatial coverage would increase risk information use.

Set up. This trial contained six participants and four arms (A-D). We tested three incen-
tive schemes: secret houses (aimed to increase risk information use), spatial coverage, and pay
per detection. Arm A awarded equal amounts (four soles) for spatial coverage and risk infor-
mation use, while arm B awarded more for risk information use (six soles) than for spatial cov-
erage (two soles). Arm C did not have any incentives, and served as the control to which Arms
A, B and D were tested, and arm D had just one incentive, pay per detection.

Outcomes. Over the course of four weeks, six participants visited a total of 2,824 houses
and conducted 965 inspections in 24 search zones. Financial incentives significantly improved
spatial coverage in arms A and B (Fig 5; Arm A: paired t-test, t = -5.4155, p < 0.01; Arm B:
paired t-test, t = -7.6817, p < 0.001) in comparison to the control arm. The average size of the
largest triangle in Arms A and B, (the two arms in which spatial coverage was incentivized)
was 18.0 uninspected houses (range: 10.0 to 26.0) and 15.7 uninspected houses (range: 10.0 to
25.0), respectively. In Arms C and D, (in which spatial coverage was not incentivized), the larg-
est group of uninspected houses averaged 52.7 (range: 35.0 to 71.0) and 50.0 (range: 35.0-
72.0), respectively. We found no significant differences in risk information use in any of the
arms (A, B and D) when compared with the control arm (S1 Fig). The monetary value of the
economic incentives awarded in this trial was an average of 10.1% of a participant’s salary
(ranging from 4.0% to 13.0%).

Conclusion. A higher reward amount for risk information compared to spatial coverage
did not increase risk information use. Spatial coverage was good regardless of the payout.
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Fig 4. Experimental design overview. “*Reward varied by house risk level. **Poker rewards were accrued as points that could be redeemed for vacation time.
See Fig 3 for a full description of the poker rewards.

https://doi.org/10.1371/journal.pgph.0000145.9004

Table 1. Overview of the incentive schemes tested in this study. Detailed information for each scheme is found in
the methods section and in Figs 2-4.

Incentive Description
Fixed risk information | Participants rewarded for inspecting houses with a fixed value price based on the risk.
utilization
Secret houses Participants rewarded for inspecting houses designated as ‘secret houses’ using
random selection weighted toward higher risk houses
Spatial coverage Participants rewarded for decreasing Delaunay triangle size
beyond a minimum threshold.
Pay-per-detection Participants rewarded for finding an infested house
Poker scheme Participants rewarded for achieving tasks named for
different poker schemes

https://doi.org/10.1371/journal.pgph.0000145.t001
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Table 2. Results overview.

Trial
Socabaya

Cayma

JLByR?

Miraflores

'One sol = $0.28 USD.

% Jose Luis Bustamante y Rivero.

Arm
A

Incentive Payout Reward" Behavior change
Secret houses Stochastic 4 soles None
Spatial coverage Fixed 4 soles Increased spatial coverage**
Secret Houses Stochastic 6 soles None
Spatial coverage Fixed 2 soles Increased spatial coverage***
None (control) n/a n/a None
Pay per detection Stochastic 40 soles None
Spatial coverage Fixed 2 soles None
Risk information use Fixed A Increased risk information use*
Spatial coverage Fixed 2 soles None
Secret Houses Stochastic 6 soles None
Secret Houses Stochastic 10 soles None
Spatial coverage Fixed 1 sol None
Pay per detection Stochastic 40 soles None
Poker Fixed Vacation time Increased spatial coverage® AND
(accrued in points) Increased risk information use™**
Pay per detection Stochastic Y day off work None

*Calculated by dividing 0.1,0.2,0.3,0.4, or 0.5 soles by a denominator of 6 soles. Significant difference (paired t-test or POLR model).

“p < 0.05
**p < 0.01
“**p < 0.001.

https://doi.org/10.1371/journal.pgph.0000145.t002

Trial two: Cayma

Hypothesis. In this trial, we hypothesized that the relatively low use of risk information in
the Socabaya trial might be due to the uncertainty involved in searching for secret houses, as
compared to increasing spatial coverage. To test this hypothesis, we replaced the secret houses
incentive with a fixed incentive for increasing risk information use.

Set up. The trial consisted of six participants and two arms (A and B). In arm A, we
awarded a fixed incentive for risk information use (reward amount described below), and two
soles for spatial coverage. In arm B, we used the same incentives as in Arm B of the previous
trial: secret houses (six soles) and spatial coverage (two soles).

For the fixed risk utilization, five reward amounts (0.1, 0.2, 0.3, 0.4 and 0.5 soles) corre-
sponding to the five house infestation risk levels (lowest, low, medium, high, and highest) were
awarded, as calculated by:

0.5, 0.4, 0.3, 0.2, or 0.1 soles
6 soles

Six soles were selected for the denominator to align with the secret houses incentive amount
in arm B.

Outcomes. The fixed payment significantly increased risk information use, (POLR
model, OR 1.45, 95% CI [1.08-1.96], p < 0.02, Fig 6) compared to the stochastic payout
scheme of the secret houses incentive. The average size of the largest triangle in arms A and B
was 19.2 (range:10.0-44.0) and 17.8 (range: 9.0-29.0), respectively. There was no significant
difference in spatial coverage between arms A and B. Payouts in arm A ranged from 1.0% to
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Fig 5. Spatial coverage maps for each participant in the Socabaya trial. Rows represent participants (represented by ‘V[number]’), columns represent trial
arms. Incentives used in each arm were: (A) Fixed incentive for spatial coverage and a stochastic incentive for inspecting higher risk houses; (B) Fixed incentive
for spatial coverage and an increased payout of the stochastic incentive for inspecting higher risk houses; (C) no incentives (control arm); and (D) pay per
detection. Spatial coverage is represented by Delaunay triangulation in which triangles are formed connecting inspected houses (colored dots represent the
inspected houses by the infestation risk shown as a gradient from yellow (lowest quintile) to dark red (highest quintile). Arms A and B both had significantly
higher spatial coverage than Arms C and D (paired t-test, p < 0.01, p < 0.001, respectively).

https://doi.org/10.1371/journal.pgph.0000145.9005
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6.5% of the participants’ monthly salaries (mean 4.8%), and arm B payouts averaged 5.0% of a
participant’s salary (ranging from 0.5% to 6.5%).

Conclusion. The fixed incentive increased risk information use, but average risk level of
inspected houses still fell below our goal of at least risk level four. Spatial coverage was good,
with the largest triangle of uninspected houses being less than five percent of total homes in
the search zone.

Trial three: Jose Luis Bustamante y Rivero (JLByR)

Hypothesis. In this trial, we hypothesized that much higher payouts for inspecting
higher-risk houses, as compared to spatial coverage payouts, would lead to increased risk
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information use. We returned to using a stochastic incentive to encourage risk information
use, as we felt the approach was better understood by participants.

Set up. There were six participants and two arms in this trial. Again, we employed three
incentive schemes: secret houses (aimed to increase risk information use), spatial coverage,
and pay per detection. In arm A, we offered a payout of 10 soles for the secret houses incentive
and one sol for increased spatial coverage. In arm B, we employed the pay-per-detection
incentive.

Outcomes. We observed divergent results among participants in this trial. In arm A, one
participant carried out 95% of their inspections in houses in the highest risk category, and the
remaining 5% of their inspections were carried out in houses in the second-highest risk cate-
gory, Fig 7). This participant greatly increased their use of risk information relative to arm B,
but at the expense of spatial coverage. The other five participants did not significantly increase
their inspections of higher risk houses in Arm A when compared to Arm B (POLR, odds ratio
(OR) =1.35,95% CI [0.92-1.98], p < 0.2). The average size of the largest triangle in arms A
and B was 42.5 (range: 10.0-120.0) and 60.0 (range: 20.0-77.0), respectively. We did not find
any significant difference in spatial coverage between Arm A and Arm B. The average award
in arm A was 0.67% of participants’ salaries (ranging from 0 to 1.71%).

Conclusions. Greatly increasing the payout amount did not lead to an overall increase in
risk information use by participants; in the single case where it did increase information use,
spatial coverage was sacrificed. Better balanced incentives are needed to achieve the dual
objective.

Trial four: Miraflores

Hypothesis. Given our observation that participants tended to exhibit one target behavior
but not both, we hypothesized that if the incentive payout increase could occur only when
both target behaviors were carried out, we would achieve our dual objective of increased risk
information use and increased spatial coverage.

Set up. This trial had nine participants and two arms. In arm A of this trial, we introduced
a new incentive structure that was analogous to different hands of poker (described in detail in
the Methods and in Fig 3). Rewards were given in the form of points that could be traded in
for time off work, rather than monetary incentives. In arm B of this trial, we used the pay per
detection incentive, with 500 points awarded for detecting an infested house.

Outcomes. Participants inspected a significantly greater number of high-risk houses
(POLR, OR =2.11, 95% CI [1.52-2.93], p < 0.001), and achieved better spatial coverage
(paired t-test, t = 2.40, p < 0.05) when compared to the pay per detection arm. The largest
group of uninspected houses averaged for poker arm and control arm contained 33.0 houses
(range: 17.0-46.0) and 68.3 houses (range: 30.0-109.0), respectively). Two participants
received half a day off (valued at 1.6% of their monthly salary) by earning 500 points (V8 and
V9) under the poker arm. No participant received a reward under the points per detection
arm.

Conclusion. The poker incentive scheme resulted in achieving our dual objective of
increasing risk information use (Fig 8) and spatial coverage of the search zone (Fig 9).

Discussion

The World Health Organization calls surveillance a ’cornerstone’ of public health security and
practice [23]; if it is a cornerstone, it is one that must be constantly shaped to different archi-
tectures of control agencies, and new epidemiologic scenarios [24,25]. Urban disease vectors
present a unique surveillance challenge, especially when infestations are infrequent and/or
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control personnel reduced. In these cases, evidence-based tools such as risk maps can enhance
field surveillance, especially if used to their full advantage. In this series of rolling trials, we
evaluated infestation risk map use by entomologic surveillance technicians under different
incentive schemes. We used incentives to encourage the adoption of two search strategies:
maximal spatial coverage of the surveillance zone and preferential inspections of houses with
higher infestation risks. We found that technicians adopted one of the search strategies under
several of the incentive structures, but our dual objective was only achieved under the poker
scheme.

In pursuit of the incentive structure that would achieve our dual objective, we observed that
stochastic incentives (secret houses and pay-per-detection) did not successfully influence
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participant behavior, even with payout amounts that were higher than those associated with
fixed incentives. A preference for guaranteed payouts over lotteries or variable micropayments
has been observed in some prior studies [26-29], although many revolved around one-time
executions of target behaviors [27-29], and the collective findings are variable [30]. Regardless,
a preference for the known versus the unknown (ambiguity aversion [31]) is a widely-observed
phenomenon [32], and it is fairly unsurprising that we observed this preference when incentiv-
izing more complex behaviors.
Despite the success of fixed payments in incentivizing a single behavior, when we used

weighted incentives to encourage both high spatial coverage and preferential inspections of
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Fig 9. Spatial coverage maps for each participant in the Miraflores trial. Rows represent nine participants; columns
represent trial arms. Incentives used in each arm were: A) poker incentive; and B) pay per detection. Spatial coverage is
represented by Delaunay triangulation in which triangles are formed connecting inspected houses (colored dots
represent the inspected houses by the infestation risk shown as a gradient from yellow (lowest quintile) to dark red
(highest quintile). Arm A had significantly higher spatial coverage than Arm B (paired t-test, p < 0.05).

https://doi.org/10.1371/journal.pgph.0000145.g009
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higher risk houses, we failed. Participants apparently discovered that they could more easily
maximize their earnings by focusing solely on the spatial triangulation. When incentives were
more heavily weighted toward risk utilization, one inspector abandoned attempts to achieve
high spatial coverage and focused solely on visiting higher risk houses. This outcome may be
due to the arduous nature of the work itself- searching for infrequent and sporadically distrib-
uted vectors across a large city is tedious at best. The simplest route to the fastest payout may
well have been the more salient option if intrinsic motivation was low from the beginning,
which has been observed in health-related behaviors (reviewed in [33-35]), although less so in
health workers specifically [36]. Weighted incentives, at least in our case, seem to be limited in
their ability to encourage complex behaviors. Only when we introduced the poker incentive
scheme did participants both preferentially inspect higher risk houses and maximize their spa-
tial coverage. In the poker scheme, the payouts for achieving each objective were complemen-
tary- there was no way to earn a higher reward without achieving both objectives. For
instance, to achieve the high scoring, “straight flush,” inspectors needed to both visit high risk
houses and achieve substantial spatial coverage to receive a single fixed reward.

In epidemiologic surveillance, incentives or stipends have been used to increase data collec-
tion through new mobile tools, surveys, or disease testing, both at the individual/family level
[37-40] and at the community level through Community Health Workers (CHWSs; [41-43].
Many recent studies tested uptake of new mobile disease surveillance tools in low and middle
income countries [40,41,43,44]. A handful of vector control studies have successfully incentiv-
ized citizen scientists using cash rewards for data collection [45,46], or by using paid, online
crowd-sourcing to collect data [47]. Relatively few epidemiologic surveillance studies have
attempted to use incentives to encourage more complex behaviors. In one notable study, salary
incentives were used to increase uptake of a mobile, cloud-based tool for dengue surveillance
by Public Health Inspectors in Sri Lanka. While spatial coverage was not encouraged with spe-
cific incentives, the authors observed that salary and bonus increases did result in a better spa-
tial coverage [41].

The poker scheme worked well for entomologic surveillance. As it is an easily communi-
cated means to encourage multi-objective tasks, it could be generalized to other surveillance
scenarios, and perhaps much more broadly. The success of the Miraflores trial also suggests
that non-monetary incentives may be a feasible option when incentivizing complex behaviors,
which may be especially useful for public health departments, whose resources are often scarce
[48]. In addition to potentially being more cost-effective than cash payouts, some studies have
found that non-monetary incentives have unique benefits such as increasing employee invest-
ment in their organization [49], social reinforcement if other team members see the incentive
received, and simply the enjoyment derived from looking forward to the incentive [50].

Our trial was short for practical reasons; we do not know if we would obtain the same
results over the years or decades-long course of a vector surveillance campaign. The poker
incentive was used during the last study in a rolling trial, so it is possible that technicians
became more accustomed to responding to incentives as they participated in each sequential
study. Furthermore, we have previously found that there is a great deal of heterogeneity in sur-
veillance among technicians, whether measured by sensitivity [51] or productivity [10]. Given
our relatively small sample size, individual differences could change in response to each incen-
tive. Finally, we measured improvement in two domains: spatial coverage and risk level utiliza-
tion. Although these metrics are used as surrogates for optimal infestation risk map use and
effective surveillance, we do not know if improvement in both of these realms will lead to iden-
tifying more infested houses.

Eliminating disease vectors in cities involves familiar challenges: insecticide resistance,
resistance to using insecticides in general, and resistance to changing the status quo [6,52]. In
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the post-spray phase of a largely successful vector control campaign, surveillance strategies
must evolve and adopt new control methods that are suited to their post-spray scenario if they
are to prevent vector re-emergence. Implementation of data-based tools is a feasible option,
although real improvements will only occur with the buy-in of those doing the day-to-day
work in the field. Using an incentive such as the poker scheme, that is customized to achieve
specific program objectives, is one potentially feasible approach to bridging the gap between
tool design and optimal tool use.
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S1 Fig. Distribution of infestation risk quintile for the households inspected by partici-
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tom) to the highest (dark red, top). Superscripts above each arm name (A-D) in the x axis text
indicate arm order.

(TIFF)

$1 Table. Number of uninspected houses in the largest triangle.
(DOCX)

S2 Table. Reward amount (in Peruvian soles).
(DOCX)

S1 Text. District descriptions.
(DOCX)

Acknowledgments

The authors gratefully acknowledge the contributions of the Ministerio de Salud del Peru
(MINSA), the Direccion General de Salud de las Personas (DGSP), the Estrategia Sanitaria
Nacional de Prevencién y Control de Enfermedades Metaxénicas y Otras Transmitidas por
Vectores (ESNPCEMOTYVS), the Direccion General de Salud Ambiental (DIGESA), the
Gobierno Regional de Arequipa, the Gerencia Regional de Salud de Arequipa (GRSA), the Pan
American Health Organization (PAHO/OPS), the Canadian International Development
Agency (CIDA), Uptake Inc, Joseph Kable and Alexander Gutfraind.

Author Contributions
Conceptualization: Claudia Arevalo-Nieto, Ricardo Castillo-Neyra, Michael Z. Levy.

Data curation: Claudia Arevalo-Nieto, Justin Sheen, Gian Franco Condori-Luna, Michael Z.
Levy.

Formal analysis: Claudia Arevalo-Nieto, Justin Sheen, Julianna Shinnick, Michael Z. Levy.

Funding acquisition: Michael Z. Levy.

Investigation: Claudia Arevalo-Nieto, Justin Sheen, Gian Franco Condori-Luna, Carlos Con-
dori-Pino, Michael Z. Levy.

Methodology: Claudia Arevalo-Nieto, Gian Franco Condori-Luna, Jennifer K. Peterson,
Ricardo Castillo-Neyra, Michael Z. Levy.

Project administration: Michael Z. Levy.

Resources: Claudia Arevalo-Nieto, Michael Z. Levy.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000145  August 3, 2022 18/21


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000145.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000145.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000145.s003
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000145.s004
https://doi.org/10.1371/journal.pgph.0000145

PLOS GLOBAL PUBLIC HEALTH

Incentivizing multiple objectives in urban disease vector surveillance

Software: Claudia Arevalo-Nieto, Justin Sheen, Gian Franco Condori-Luna, Michael Z. Levy.

Supervision: Claudia Arevalo-Nieto, Carlos Condori-Pino, Ricardo Castillo-Neyra, Michael

Z. Levy.

Validation: Claudia Arevalo-Nieto, Justin Sheen, Michael Z. Levy.

Visualization: Claudia Arevalo-Nieto, Justin Sheen, Michael Z. Levy.

Writing - original draft: Claudia Arevalo-Nieto, Julianna Shinnick, Jennifer K. Peterson,

Michael Z. Levy.

Writing - review & editing: Claudia Arevalo-Nieto, Julianna Shinnick, Jennifer K. Peterson,

Ricardo Castillo-Neyra, Michael Z. Levy.

References

1.

10.

11.

12.

13.

14.

15.

World Health Organization. Vector-borne diseases fact sheet. 2 Mar 2020 [cited 12 Oct 2020]. Avail-
able: https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases.

Barnes Kl, Chanda P, Ab Barnabas G. Impact of the large-scale deployment of artemether/lumefantrine
on the malaria disease burden in Africa: case studies of South Africa, Zambia and Ethiopia. Malar J.
2009; 8: S8. https://doi.org/10.1186/1475-2875-8-S1-S8 PMID: 19818175

Pryce J, Richardson M, Lengeler C. Insecticide-treated nets for preventing malaria. Cochrane Infectious
Diseases Group, editor. Cochrane Database of Systematic Reviews. 2018 [cited 12 Oct 2020]. https://
doi.org/10.1002/14651858.CD000363.pub3 PMID: 30398672

Schofield CJ, Dias JCP. The Southern Cone Initiative against Chagas Disease. Advances in parasitol-
ogy. 1999; 42: 1-27.

Wardrop NA. Integrated epidemiology for vector-borne zoonoses. Trans R Soc Trop Med Hyg. 2016;
110: 87-89. https://doi.org/10.1093/trstmh/trv115 PMID: 26822600

Barbu CM, Buttenheim AM, Hancco Pumahuanca ML, Quintanilla Calderén JE, Salazar R, Carrion M,
et al. Residual infestation and recolonization during urban Triatoma infestans bug control campaign,
Peru. Emerging Infectious Diseases. 2014; 20: 2055-2063. https://doi.org/10.3201/eid2012.131820
PMID: 25423045

Fiordelli M, Diviani N, Schulz PJ. Mapping mhealth research: A decade of evolution. Journal of Medical
Internet Research. 2013;15. https://doi.org/10.2196/jmir.2430 PMID: 23697600

Braae UC, Devleesschauwer B, Sithole F, Wang Z, Willingham AL. Mapping occurrence of Taenia
solium taeniosis/cysticercosis and areas at risk of porcine cysticercosis in Central America and the
Caribbean basin. Parasites Vectors. 2017; 10: 424. https://doi.org/10.1186/s13071-017-2362-7 PMID:
28923090

Hay SI, Battle KE, Pigott DM, Smith DL, Moyes CL, Bhatt S, et al. Global mapping of infectious disease.
2013.

Gutfraind A, Peterson JK, Billig Rose E, Arevalo-Nieto C, Sheen J, Condori-Luna GF, et al. Integrating
evidence, models and maps to enhance Chagas disease vector surveillance. Basafez M-G, editor.
PLOS Neglected Tropical Diseases. 2018; 12: €0006883. https://doi.org/10.1371/journal.pntd.0006883
PMID: 30496172

Rogers DJ, Suk JE, Semenza JC. Using global maps to predict the risk of dengue in Europe. Acta Tro-
pica. 2014; 129: 1-14. https://doi.org/10.1016/j.actatropica.2013.08.008 PMID: 23973561

Charras-Garrido M, Abrial D, Goer JD, Dachian S, Peyrard N. Classification method for disease risk
mapping based on discrete hidden Markov random fields. Biostatistics. 2012; 13: 241-255. https://doi.
org/10.1093/biostatistics/kxr043 PMID: 22133757

Forbes F, Charras-Garrido M, Azizi L, Doyle S, Abrial D. Spatial risk mapping for rare disease with hid-
den Markov fields and variational EM. Ann Appl Stat. 2013; 7: 1192—-1216. https://doi.org/10.1214/13-
AOAS629

Malone J, Bergquist R, Martins M, Luvall J. Use of Geospatial Surveillance and Response Systems for
Vector-Borne Diseases in the Elimination Phase. TropicalMed. 2019; 4: 15. https://doi.org/10.3390/
tropicalmed4010015 PMID: 30669341

Karimuribo ED, Mutagahywa E, Sindato C, Mboera L, Mwabukusi M, Kariuki Njenga M, et al. A Smart-
phone App (AfyaData) for Innovative One Health Disease Surveillance from Community to National
Levels in Africa: Intervention in Disease Surveillance. JMIR Public Health Surveill. 2017; 3: €94. https://
doi.org/10.2196/publichealth.7373 PMID: 29254916

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000145  August 3, 2022 19/21


https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://doi.org/10.1186/1475-2875-8-S1-S8
http://www.ncbi.nlm.nih.gov/pubmed/19818175
https://doi.org/10.1002/14651858.CD000363.pub3
https://doi.org/10.1002/14651858.CD000363.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30398672
https://doi.org/10.1093/trstmh/trv115
http://www.ncbi.nlm.nih.gov/pubmed/26822600
https://doi.org/10.3201/eid2012.131820
http://www.ncbi.nlm.nih.gov/pubmed/25423045
https://doi.org/10.2196/jmir.2430
http://www.ncbi.nlm.nih.gov/pubmed/23697600
https://doi.org/10.1186/s13071-017-2362-7
http://www.ncbi.nlm.nih.gov/pubmed/28923090
https://doi.org/10.1371/journal.pntd.0006883
http://www.ncbi.nlm.nih.gov/pubmed/30496172
https://doi.org/10.1016/j.actatropica.2013.08.008
http://www.ncbi.nlm.nih.gov/pubmed/23973561
https://doi.org/10.1093/biostatistics/kxr043
https://doi.org/10.1093/biostatistics/kxr043
http://www.ncbi.nlm.nih.gov/pubmed/22133757
https://doi.org/10.1214/13-AOAS629
https://doi.org/10.1214/13-AOAS629
https://doi.org/10.3390/tropicalmed4010015
https://doi.org/10.3390/tropicalmed4010015
http://www.ncbi.nlm.nih.gov/pubmed/30669341
https://doi.org/10.2196/publichealth.7373
https://doi.org/10.2196/publichealth.7373
http://www.ncbi.nlm.nih.gov/pubmed/29254916
https://doi.org/10.1371/journal.pgph.0000145

PLOS GLOBAL PUBLIC HEALTH

Incentivizing multiple objectives in urban disease vector surveillance

16.

17.

18.

19.

20.

21.

22,
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mtema Z, Changalucha J, Cleaveland S, Elias M, Ferguson HM, Halliday JEB, et al. Mobile Phones As
Surveillance Tools: Implementing and Evaluating a Large-Scale Intersectoral Surveillance System for
Rabies in Tanzania. PLoS Medicine. 2016; 13: 1-12. https://doi.org/10.1371/journal.pmed.1002002
PMID: 27070315

Bern C. Chagas’ Disease. New England Journal of Medicine. 2015; 373: 456—466. https://doi.org/10.
1056/NEJMra1410150 PMID: 26222561

Solis Sanchez G, Orejas Rodriguez-Arango G. Epidemiologia y metodologia cientifica aplicada a la
Pediatria (Il): Disefios en investigacion epidemioldgica. Educacién Continuada. 1998; 49.

Rose EB, Lee K, Roy JA, Small D, Ross ME, Castillo-Neyra R, et al. Risk maps for cities: Incorporating
streets into geostatistical models. Spatial and Spatio-temporal Epidemiology. 2018; 27: 47-59. https://
doi.org/10.1016/j.sste.2018.08.003 PMID: 30409376

Chizari H, Hosseini M, Poston T, Razak SA, Abdullah AH. Delaunay Triangulation as a New Coverage
Measurement Method in Wireless Sensor Network. Sensors. 2011; 11: 3163-3176. https://doi.org/10.
3390/5110303163 PMID: 22163792

R.Core.Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing; 2017. Available: http://www.r-project.org/.

Venables WN, Ripley BD. Modern Applied Statistics with S. Fourth Edi. New York: Springer; 2002.

World Health Organization. Threats to public health security. The World Health Report 2007—A safer
future: global public health security in the 21st century. Geneva, Switzerland: World Health Organiza-
tion; 2007.

Chretien J-P, Burkom HS, Sedyaningsih ER, Larasati RP, Lescano AG, Mundaca CC, et al. Syndromic
Surveillance: Adapting Innovations to Developing Settings. PLoS Med. 2008; 5: e72. https://doi.org/10.
1371/journal.pmed.0050072 PMID: 18366250

Lee LM, Thacker SB, Centers for Disease Control and Prevention (CDC). The cornerstone of public
health practice: public health surveillance, 1961-2011. MMWR Suppl. 2011; 60: 15-21. PMID:
21976162

Khoi N, Casteleyn S, Moradi M, Pebesma E. Do Monetary Incentives Influence Users’ Behavior in Par-
ticipatory Sensing? Sensors. 2018; 18: 1426. https://doi.org/10.3390/s18051426 PMID: 29734683

Halpern SD, Kohn R, Dornbrand-Lo A, Metkus T, Asch DA, Volpp KG. Lottery-Based versus Fixed
Incentives to Increase Clinicians’ Response to Surveys. Health Services Research. 2011; 46: 1663—
1674. https://doi.org/10.1111/j.1475-6773.2011.01264.x PMID: 21492159

Thirumurthy H, Masters SH, Rao S, Murray K, Prasad R, Zivin JG. The Effects of Providing Fixed Com-
pensation and Lottery-Based Rewards on Uptake of Medical Male Circumcision in Kenya: A Random-
ized Trial. J Acquir Immune Defic Syndr. 2016; 72: 7. https://doi.org/10.1097/QAI.0000000000001045
PMID: 27404012

Niza C, Rudisill C, Dolan P. Vouchers versus Lotteries: What Works Best in Promoting Chlamydia
Screening? A Cluster Randomized Controlled Trial. Applied Economic Perspectives and Policy. 2014;
36: 109-124. https://doi.org/10.1093/aepp/ppt033 PMID: 25061507

Vlaev |. Changing health behaviors using financial incentives: a review from behavioral economics.
2019; 9.

Risk Ellsberg D., Ambiguity, and the Savage Axioms. The Quarterly Journal of Economics. 1961; 75:
643-669.

Machina MJ, Siniscalchi M. Ambiguity and Ambiguity Aversion. Handbook of the Economics of Risk
and Uncertainty. Elsevier; 2014. pp. 729-807. https://doi.org/10.1016/B978-0-444-53685-3.00013—1

Kamenica E. Behavioral Economics and Psychology of Incentives. Annu Rev Econ. 2012; 4: 427—-452.
https://doi.org/10.1146/annurev-economics-080511-110909

Promberger M, Marteau TM. When Do Financial Incentives Reduce Intrinsic Motivation? Comparing
Behaviors Studied in Psychological and Economic Literatures. Health Psychol. 2013; 32: 950-957.
https://doi.org/10.1037/a0032727 PMID: 24001245

Deci EL, Koestner R, Ryan RM. Extrinsic Rewards and Intrinsic Motivation in Education: Reconsidered
Once Again. Review of Educational Research. 2001; 71: 1-27. https://doi.org/10.3102/
00346543071001001

de Bruin SR, Baan CA, Struijs JN. Pay-for-performance in disease management: a systematic review of
the literature. BMC Health Serv Res. 2011; 11: 272. https://doi.org/10.1186/1472-6963-11-272 PMID:
21999234

Doody MM. Randomized Trial of Financial Incentives and Delivery Methods for Improving Response to
a Mailed Questionnaire. American Journal of Epidemiology. 2003; 157: 643—-651. https://doi.org/10.
1093/aje/kwg033 PMID: 12672684

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000145  August 3, 2022 20/21


https://doi.org/10.1371/journal.pmed.1002002
http://www.ncbi.nlm.nih.gov/pubmed/27070315
https://doi.org/10.1056/NEJMra1410150
https://doi.org/10.1056/NEJMra1410150
http://www.ncbi.nlm.nih.gov/pubmed/26222561
https://doi.org/10.1016/j.sste.2018.08.003
https://doi.org/10.1016/j.sste.2018.08.003
http://www.ncbi.nlm.nih.gov/pubmed/30409376
https://doi.org/10.3390/s110303163
https://doi.org/10.3390/s110303163
http://www.ncbi.nlm.nih.gov/pubmed/22163792
http://www.r-project.org/
https://doi.org/10.1371/journal.pmed.0050072
https://doi.org/10.1371/journal.pmed.0050072
http://www.ncbi.nlm.nih.gov/pubmed/18366250
http://www.ncbi.nlm.nih.gov/pubmed/21976162
https://doi.org/10.3390/s18051426
http://www.ncbi.nlm.nih.gov/pubmed/29734683
https://doi.org/10.1111/j.1475-6773.2011.01264.x
http://www.ncbi.nlm.nih.gov/pubmed/21492159
https://doi.org/10.1097/QAI.0000000000001045
http://www.ncbi.nlm.nih.gov/pubmed/27404012
https://doi.org/10.1093/aepp/ppt033
http://www.ncbi.nlm.nih.gov/pubmed/25061507
https://doi.org/10.1016/B978-0-444-53685-3.00013%26%23x2013%3B1
https://doi.org/10.1146/annurev-economics-080511-110909
https://doi.org/10.1037/a0032727
http://www.ncbi.nlm.nih.gov/pubmed/24001245
https://doi.org/10.3102/00346543071001001
https://doi.org/10.3102/00346543071001001
https://doi.org/10.1186/1472-6963-11-272
http://www.ncbi.nlm.nih.gov/pubmed/21999234
https://doi.org/10.1093/aje/kwg033
https://doi.org/10.1093/aje/kwg033
http://www.ncbi.nlm.nih.gov/pubmed/12672684
https://doi.org/10.1371/journal.pgph.0000145

PLOS GLOBAL PUBLIC HEALTH

Incentivizing multiple objectives in urban disease vector surveillance

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Parkes R, Kreiger N, James B, Johnson KC. Effects on Subject Response of Information Brochures
and Small Cash Incentives in a Mail-Based Case-Control Study. Annals of Epidemiology. 2000; 10:
117-124. https://doi.org/10.1016/s1047-2797(99)00047-2 PMID: 10691065

McGovern ME, Herbst K, Tanser F, Mutevedzi T, Canning D, Gareta D, et al. Do gifts increase consent
to home-based HIV testing? A difference-in-differences study in rural KwaZulu-Natal, South Africa. Int J
Epidemiol. 2016; dyw122. https://doi.org/10.1093/ije/dyw122 PMID: 27940483

Prieto JT, Jara JH, Alvis JP, Furlan LR, Murray CT, Garcia J, et al. Will Participatory Syndromic Surveil-
lance Work in Latin America? Piloting a Mobile Approach to Crowdsource Influenza-Like lliness Data in
Guatemala. JMIR Public Health Surveill. 2017;3. https://doi.org/10.2196/publichealth.8610 PMID:
29138128

Lwin MO, Jayasundar K, Sheldenkar A, Wijayamuni R, Wimalaratne P, Ernst KC, et al. Lessons From
the Implementation of Mo-Buzz, a Mobile Pandemic Surveillance System for Dengue. JMIR Public
Health Surveill. 2017; 3: 65. https://doi.org/10.2196/publichealth.7376 PMID: 28970191

Githinji S, Kigen S, Memusi D, Nyandigisi A, Wamari A, Muturi A, et al. Using mobile phone text mes-
saging for malaria surveillance in rural Kenya. Malar J. 2014; 13: 107. https://doi.org/10.1186/1475-
2875-13-107 PMID: 24642130

Katona LB, Rosen JM, Vu NC, Nguyen CK, Dang LT, Thiem VD, et al. A New Paradigm for Disease
Surveillance in Vietnam. Telemedicine and e-Health. 2014; 20: 493-495. https://doi.org/10.1089/tm].
2013.0250 PMID: 24611518

Meyers DJ, Ozonoff A, Baruwal A, Pande S, Harsha A, Sharma R, et al. Combining Healthcare-Based
and Participatory Approaches to Surveillance: Trends in Diarrheal and Respiratory Conditions Collected
by a Mobile Phone System by Community Health Workers in Rural Nepal. Fernandez-Reyes D, editor.
PLoS ONE. 2016; 11: e0152738. https://doi.org/10.1371/journal.pone.0152738 PMID: 27111734

Tarter KD, LEVY CE, YAGLOM HD, ADAMS LE, PLANTE L, CASAL MG, et al. Using citizen science to
enhance surveillance of Aedes aegyptiin Arizona, 2015-17. J Am Mosq Control Assoc. 2019; 35: 11—
18. https://doi.org/10.2987/18-6789.1 PMID: 31334498

Jordan RC, Sorensen AE, Ladeau S. Citizen Science as a Tool for Mosquito Control. Journal of the
American Mosquito Control Association. 2017; 33: 241-245. https://doi.org/10.2987/17-6644R.1 PMID:
28854108

Chunara R, Chhaya V, Bane S, Mekaru SR, Chan EH, Freifeld CC, et al. Online reporting for malaria
surveillance using micro-monetary incentives, in urban India 2010-2011. Malar J. 2012; 11: 43. https:/
doi.org/10.1186/1475-2875-11-43 PMID: 22330227

World Health Organization. Primary healthcare systems (PRIMASYS): Case study from Peru, abridged
version. Geneva.

Sorauren IF. Non-Monetary Incentives: Do People Work Only for Money? Bus Ethics Q. 2000; 10: 925—
944. https://doi.org/10.2307/3857840

Jeffrey SA. Justifiability and the Motivational Power of Tangible Noncash Incentives. Human Perfor-
mance. 2009; 22: 143—-155. https://doi.org/10.1080/08959280902743659

Hong AE, Barbu CM, Small DS, Levy MZ, the Chagas Disease Working Group in Arequipa. Mapping
the spatial distribution of a disease-transmitting insect in the presence of surveillance error and missing
data. J R Stat Soc A. 2015; 178: 641-658. https://doi.org/10.1111/rssa.12077

Shah S. The Fever: How Malaria Has Ruled Humankind for 500,000 Years. Farrar, Straus and Giroux;
2010.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000145  August 3, 2022 21/21


https://doi.org/10.1016/s1047-2797%2899%2900047-2
http://www.ncbi.nlm.nih.gov/pubmed/10691065
https://doi.org/10.1093/ije/dyw122
http://www.ncbi.nlm.nih.gov/pubmed/27940483
https://doi.org/10.2196/publichealth.8610
http://www.ncbi.nlm.nih.gov/pubmed/29138128
https://doi.org/10.2196/publichealth.7376
http://www.ncbi.nlm.nih.gov/pubmed/28970191
https://doi.org/10.1186/1475-2875-13-107
https://doi.org/10.1186/1475-2875-13-107
http://www.ncbi.nlm.nih.gov/pubmed/24642130
https://doi.org/10.1089/tmj.2013.0250
https://doi.org/10.1089/tmj.2013.0250
http://www.ncbi.nlm.nih.gov/pubmed/24611518
https://doi.org/10.1371/journal.pone.0152738
http://www.ncbi.nlm.nih.gov/pubmed/27111734
https://doi.org/10.2987/18-6789.1
http://www.ncbi.nlm.nih.gov/pubmed/31334498
https://doi.org/10.2987/17-6644R.1
http://www.ncbi.nlm.nih.gov/pubmed/28854108
https://doi.org/10.1186/1475-2875-11-43
https://doi.org/10.1186/1475-2875-11-43
http://www.ncbi.nlm.nih.gov/pubmed/22330227
https://doi.org/10.2307/3857840
https://doi.org/10.1080/08959280902743659
https://doi.org/10.1111/rssa.12077
https://doi.org/10.1371/journal.pgph.0000145

