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Abstract. Aedes-transmitted diseases, especially dengue, are increasing throughout the world and the main pre-
ventive methods include vector control and the avoidance of mosquito bites. A simple Premise Condition Index (PCI)
categorizing shade, house, and yard conditions was previously developed to help prioritize households or geographical
areaswhere resources are limited. However, evidence about the accuracy of the PCI ismixed. The current study aimed to
contribute to a better understanding of the relevanceby collecting data from2,400premises at four timepoints over 1 year
in KampongCham, Cambodia. Regressionmodels were then used to identify associations between PCI andAedes adult
female mosquitoes and pupae. In addition, receiver operating characteristic curves were used to measure the ability of
PCI to identify premises in the top quartile of mosquito abundance. The density of adult Aedes females was positively
associated with PCI at the household (ratio of means = 1.16 per point on the PCI scale) and cluster level (ratio of means =
1.54). However, the number of Aedes pupae was negatively associated with PCI at the household level (rate ratio = 0.74)
and did not have a statistically signi!cant association at the cluster level. Receiver operating characteristic curves
suggest the PCI score had “rather low accuracy” (area under the ROC curve = 0.52 and 0.54) at identifying top-quartile
premises in terms of adult female Aedes and pupae, respectively. These results suggest that caution is warranted in the
programmatic use of PCI in areas of similar geography and mosquito abundance.

INTRODUCTION

Dengue is themost rapidly spreadingmosquito-borne viral
disease in the world and is caused by bites of infectedAedes
mosquitoes, principally Aedes aegypti.1 Dengue is endemic
worldwide, with a high concentration in the Asian region,
which shoulders 70%of the global disease burden. Although
a number of promising vaccine candidates are in preclinical
and clinical development,2 methods of genetic control of
mosquitoes are being developed,3,4 andWolbachia-infected
mosquitoes show promise,5,6 these interventions are un-
likely to eliminate dengue on their own.7 Therefore, vector
control will remain a key component of dengue control in the
short and medium term.
One important aspect of vector control is the elimination of

the most productive breeding sites.8 For example, one study
in Australia found that one well and one rainwater tank were
responsible for 28% of all immature larvae out of 1,349
premises inspected.9 Similarly, in Cambodia, large water jars,
drums, and concrete tanks were found to harbor 90% of the
pupal biomass.10 In addition, studies documented that par-
ticularly high levels ofAedes productivity can be found in “key
premises,”11–14 de!ned as those with three or more positive
containers.9 In Australia, 1.9% of premises accounted for
47.2%of positive containers.9 In Ecuador, 11%of households
contained 81.7% of pupae during the rainy season and 5% of
households contained 80%of pupae during the dry season.12

Thus, it is clear that the identi!cation of key premises is crucial
to inform vector control operations—an activity which can be
conducted through pupal/demographic surveys of household
water containers.

However, the ubiquity of water containers tends to make
pupal/demographic surveys laborious.15 Therefore, addi-
tional methods have been explored to identify key premises
without needing to do extensive pupal/demographic surveys,
or enter premises, because owners refusing access to
premises has been reported as a key challenge.16 The
Premise Condition Index (PCI) is one such approach that
could help prioritize outbreak response in terms of Aedes in-
festation risk.9 This index evaluates the shade, house, and
yard conditionsofpremises toproduce risk strata. In addition to
targeting treatment of key premises, this method could po-
tentially be used to prioritize villages or other geographical
areas when funding or human resources are insuf!cient to treat
all outbreak areas.
Existing evidence of the value of the PCI to inform vector

control programs is mixed. The PCI was !rst described and
evaluated in Queensland, Australia, where it was found that
inspecting 9.5% of premises with a high PCI score of 8–9 (out
of 9) identi!ed 54.4% of infested premises. Comparison of
highest to lowest scores indicated a risk of infestation 5.6 times
higher, with the number of positive containers 14.3 times
higher.9 Other studies found a correlation between PCI and the
numberof positive containers17–21 and/or positivepremises.19,20,22

Premise Condition Index has also been used to create risk
strata, where a positive correlation (r = 0.968, P < 0.01) was
identi!ed in Brazil between risk strata and houses positive for
Aedes albopictus eggs.23 By contrast, other studies found
no association of Aedes mosquitoes with PCI.24,25 Further-
more, serious limitations ormissing information exist inmany
of the past studies. Some studies report associations but
do not provide data related to PCI in their article18,21,24,26,27

or relied on low sample sizes with wide CIs.19

Considering these uncertainties, this study aimed to assess
whether higher mean densities of adult female Aedes mos-
quitoes and Aedes pupae are associated with worse premise
conditions, asmeasured by PCI; andwhether this association

*Address correspondence to John Hustedt, Malaria Consortium,
PhnomPenhCenter, St. Sothearos, Bldg. “H,” 1st Floor, Rm. No. 192,
Phnom Penh, Cambodia. E-mail: john.hustedt@lshtm.ac.uk

1



leads to reliable predictions of which premises should be
targeted for interventions. The study was conducted in
Cambodia, a country with one of the highest per capita in-
cidence rates in Asia, at 0.7–3.0 per 1,000 population per
year,28,29 and recurring outbreaks every 3–5 years.30 The
Cambodia National Dengue Control Program developed
a protocol to respond to outbreaks, de!ned as three or more
cases in one village per year, which includes applying larvi-
cides (e.g., temephos), adulticides (e.g., thermal fogging with
pyrethroids), and distributing information, education, and
communication materials. These activities are implemented
throughout the entire outbreak villages and can require sig-
ni!cant !nancial and human resources, especially if distances
between villages and the number of outbreaks are large. In this
setting, if shown to be effective, PCI could potentially be used
toprioritize interventionswhen funds are insuf!cient to treat all
houses or geographic areas. An advantage of the index is that
it can be completed quickly and there is no need to enter
houses. Although previously published evidence on the rele-
vance of the PCI varies by geography andmosquito life stage,
nostudies and !eld evaluationshavepreviously been reported
from Cambodia or Southeast Asia.

MATERIALS AND METHODS

Study setting. The data used in this study were collected
duringacluster randomized trial on theeffect of guppy!shand
pyriproxyfen on entomological outcomes,31 conducted in 30
clusters in two operational districts within Kampong Cham
province. Each cluster had an average of approximately 200
households or 1,000 individuals and included one or more
villages thatwere separated by neighboring villages by at least
200 m. Kampong Cham has one of the highest dengue in-
cidence rates in Cambodia (1.6 cases per 1,000 people per
year) and the environmental characteristics are similar tomost
dengue-endemic areas of Cambodia (H. Ra, personal com-
munication). The dry season lasts from December to April, the
light rain season from April to July, and the heavy rain season
from August to October. This study only uses data from the
pre-intervention baseline surveys and control clusters, which
did not receive an intervention, of the aforementioned trial and
are considered to be more representative of the typical con-
ditions in the area. More detailed information about the study
site can be found in the trial protocol.31

Outcomes. The primary outcome was the association be-
tween PCI (de!ned below) and the mean density of adult fe-
male A. aegypti at household level. Secondary outcomes
include the association between 1) PCI and the mean density
of adult female A. aegypti at cluster level and 2) association
between PCI and the number of Aedes pupae per household
and per cluster.
Mosquito collectionandPCI scoring.Datawere collected

at four time points covering all threemain seasons: survey 1was
in October/November 2015 during the rainy season, survey 2
was inFebruary/March2016during thedry season, survey3was
inMay/June 2016 during the light rain season, and survey 4 was
inSeptember/October 2016 in the heavy rain season. The survey
methodology was developed following the WHO guidelines for
entomological collections.30 The survey team consisted of ex-
perienced government staff who received 3 days training before
the start of the surveys. Twenty surveyors completed each of the
four entomology surveys within 20 days. All tools and materials

were pretested during training. Houses within each cluster were
selected using a random-number generator applied to the village
list managed by the village head.
Larvae and pupae collectionwere completed using the !ve-

sweep net method15 for containers larger than 50 L. For this
method, a net of size 20 cm by 33 cm was used. Surveyors
turned the net in an anti-clockwise manner !ve times, then
waited 1 minute and performed one sweep from the bottom.
This method can sample around 35% of larvae and 31% of
pupae, and the total number estimated by an adjustment
factor.15 For containers of less than 50 L, all the water was
poured through the sweep net. All containers within selected
households were inspected. All pupae and larvae were put in
a plastic bag, labeled, and taken back to the provincial labo-
ratory for identi!cation to the species level for Aedes, other-
wise to genus.
The adult resting catch was completed using a battery-

powered, portable aspirator (Camtech, Phnom Penh, Cam-
bodia) for 10 minutes per house in the bedrooms and living
spaces, starting in the bedroom and aspirating up and down
the wall (from "oor to 1.5 m) around the home in a clockwise
manner. The mosquitoes were kept in a screw-top container
inside a cold box and transported to the provincial laboratory
for identi!cation to the species level for Aedes, otherwise to
genus. All adult Aedes mosquitoes were sexed. After identi-
!cation, all mosquitoes were taken to the United States
Naval Medical Research Unit-2 in Phnom Penh where ento-
mologists con!rmed identi!cation of a randomsample of 50%
of immature and adult mosquitoes. Each house in the survey
was scored on the degree of shade, condition of house, and
condition of yard according to the method developed by Tun-
Lin et al.9 Each category is scored from 1 to 3, and the sum
represents the PCI score. The teams were provided with ob-
jective measures for scoring in each category (see Table 1),
a laminated sheet including pictures of example premises for
each score, and given training to standardize scoring between
the three teams. In addition, a fourth category representing the
source of water was scored; however, because of the homo-
geneity of water infrastructure, the results are not reported
here.
Climate. General climate data (rainfall, temperature, and

humidity) were recorded at one of the intervention health
centers using a rain gauge and a Hobo™ onset data logger
(Onset Computer Corporation, MA) (all villages included in the
study have virtually the same climate). Data from the all United
States National Aeronautics and Space Administration satel-
lites on climate are also available to double check the accu-
racy of these measurements.
Sample size. Sample size was determined for the needs of

the corresponding trial and is discussed in length in the pro-
tocol.31However, thesamplesize isat leastas largeas fourother
studieswhich reported a signi!cant association or correlation of
PCI with houses or containers with Aedesmosquitoes.19–21,32

Statistical analysis. All analyses were performed in R
Studio version 3.5.0 (Murray Hill, NJ) and Stata® version 14.2
(College Station, TX). The association between Aedes density
and PCI was assessed through negative binomial regression
using the number of adults per household as the response and
a logarithmic link function. Hence, this analysis yields density
ratios as anoutcomemeasure.Models combineddata fromall
seasons and included survey as a !xed effect term. Additional
models including an interaction term of survey and PCI were
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also run. A likelihood ratio test showed the interaction term to
not be statistically signi!cant (P = 0.07), and therefore, the
modelwith interactionwasnot included in the results. A similar
model was used for the secondary outcomes, with the num-
bers of pupae, rather than adults, as the response. Additional
zero-in"atedmodels were !tted; however, the model !t better
without zero in"ation. All models used the robust sandwich
estimator of standard errors33 to account for correlation of
responses within clusters.
Associations between PCI and vector density are necessary

but not suf!cient for PCI to have suf!cient sensitivity and spec-
i!city to be ef!cient in practice. Receiver operating characteristic
(ROC) curves were used to ascertain the ability of PCI to predict
the premises in the top quartile of mosquito biomass. Their
accuracy was classi!ed according to the value of the area under
the ROC curve (AUC): not informative (AUC £ 0.5), rather low
accuracy (0.5 <AUC £ 0.7), accuracies useful for somepurposes
(0.7 < AUC £ 0.9), and rather high accuracy (0.9 < AUC).34

Ethical approval. Ethical clearance was received by the
Cambodian National Ethics Committee for Health Research
on October 9, 2014 (ethics reference number 0285). In addi-
tion, ethics approval was received from the London School of
Hygiene and Tropical Medicine Observational/Interventions
Research Ethics Committee (ethics reference number 8812).

RESULTS

During the study period, a total of 2,400 premises were
inspected for the presence of immature and adult Aedes and
assigned PCI scores. The average monthly rainfall during the
study was 11 mm during the dry season (December–April),
139 mm during the light rain season (May–July), and 276
during the heavy rain seasons (August–November). As
reported in Table 1, the majority of premises (89%) were
assigned aPCI score between 5 and 7, and only 3%and 0.4%
were assigned a PCI score of 8 or 9, respectively. The median
of each component variable of the PCI was 2, and all possible
values (1, 2 and 3) were observed for each component. This
suggests that the overall PCI was not being dominated by any
single component.
Distribution of adult female Aedes mosquitoes by PCI

ranking.Table 2 shows26%of housesoverall had someadult
female Aedes, with an average of 0.56 each (SD 2.18, range
0–82). The percentage of positive houses and Aedes females

perhouse increasedduring the light rainseason to58%and1.88
(SD 4.81, range 0–82), respectively. The percentage of houses
positive for Aedes females varied among overall PCI scores
(17–33%) and among different seasons (17–58%). The average
number of Aedes females per house also varied widely among
overall PCI scores (0.21–0.73) andover seasons (0.24–1.88). The
highestnumbersofpositivehousesandaveragenumberofadult
female Aedeswas among premises with PCI scores of 6 and 7.
Table 3 shows that 46% of premises and 15% of containers
were positive for Aedes pupae and/or larvae with an average of
seven pupae per house. The proportion of positive premises
varied quite widely between PCI scores (22–51%) and between
surveys (36–71%) with light rain (peak) season having by far the
highest proportion of positive houses (71%). The percent of
containers positive for larvae or pupae also varied among PCI
scores (7–20%) and surveys (10–21%). Only 1% of premises
received a PCI score of three and a few of those premises had
extremely high numbers of Aedes pupae. The particular reason
for the large number of pupae is that two premises had a large
water container used for animal husbandry that were not often
cleaned and held hundreds of pupae. Table 4 shows the results
of the negative binomial regression models for adult female
Aedes mosquitoes. The model including two dependent varia-
bles (PCI scoresandsurvey)was found to!t best. Thenumberof
adult Aedes females was positively associated with PCI (rate
ratio [RR] per point = 1.16, 95% CI: 1.02–1.31). A cluster-level
model of adultAedes femalesbycluster hada slightly higherRR,
although wider CIs (RR = 1.54, 95% CI: 1.11–2.08).
Correlation of immature Aedes mosquitoes with PCI.

Table 4 also shows the results of negative binomial regression
models for Aedes adults and pupae. At the house level, the
number of pupae were statistically signi!cantly negatively asso-
ciated with PCI scores (RR = 0.74, 95% CI: 0.59–0.93), whereas
thenumberofadultAedesweresigni!cantlypositivelyassociated
with PCI scores (RR = 1.16, 95% CI: 1.02–1.31). The model in-
vestigating the correlation between number of Aedes pupae and
PCIwas not signi!cant at the cluster level, whereas themodel for
adults was positively associated (RR = 1.52, 95%CI: 1.11–2.08).
Receiver operating characteristic curve analysis for

predicting the top quartile of adult Aedesmosquitoes. The
PCI score was considered to have “rather low accuracy” pre-
dicting premises in the top quartile of adult female Aedes
mosquitoes, with an AUCof 0.54 (95%CI: 0.52–0.56, Figure 1).
A cut point of 5 had high sensitivity (94%) and low speci!city

TABLE 1
Measures for scoring the Premise Condition Index

Premise variables Description Classi!cation score

P1. House condition a. Well-maintained, e.g., newly painted or new house 1
b. Moderately well-maintained house 2
c. Notwell-maintained house, e.g., paint peeling, broken items visible,

dilapidated old house
3

P2. Yard condition a. Tidy yard, e.g., no rubbish or trash evident, well-maintained
gardens, and lawn

1

b. Moderately tidy yard 2
c. Untidy yard, rubbish and trash abundant, and the garden or lawn

with overgrown grass
3

P3. Shade condition a. Very little or no shade (< 25%), e.g., no major trees or bush 1
b. Some shade (> 25% but < 50%) 2
c. Plenty of shade, > 50%, e.g., large trees evident, layers of shrubs,

green house, plastic tarp sheet, or overhanging roofs used
3

P4. Water supply and storage a. Piped water supply only 1
b. Well water supply only 2
c. Rainwater and/or river water 3
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(7%), whereas 7 had low sensitivity (19%) and high speci!city
(83%). For clusters, the PCI score was also considered to have
“rather low accuracy,”with anAUCof 0.64 (95%CI: 0.44–0.80,
Figure 2). No cut point for either curve gives an adequate
combination of sensitivity and speci!city.
Receiver operating characteristic curve analysis for

predicting the top quartile of Aedes pupae. The PCI score
was considered to have “rather low accuracy” when predict-
ing premises in the top quartile for Aedes pupae, with an AUC
of 0.52 (95%CI: 0.50–0.54, Figure 3). A cut point of 5 had high
sensitivity (93%) and low speci!city (7%), whereas 7 had low
sensitivity (16%) and high speci!city (83%). For clusters, the
PCI scorewas again considered to have “rather lowaccuracy”
when predicting the clusters in the top quartile for Aedes pu-
pae, with an AUC of 0.62 (95%CI: 0.44–0.80, Figure 4). No cut

point for either curve gives an adequate combination of sen-
sitivity and speci!city. This low degree of accuracy is con-
sistent with the negative association presented earlier.

DISCUSSION

ThePCI was found to beweakly associatedwith the density
of adult female Aedes at the household and cluster level, and
negatively associated with the number of Aedes pupae at the
household level. Therefore, our hypothesis that higher mean
densities of Aedes would be associated with worse premise
conditions was correct for adult females, but not for pupae.
The !ve premises with the highest number of Aedes pupae
represented 25% of the total pupae and had relatively lower
PCI scores (one house had a PCI of 3). This may have been

TABLE 2
Adult female Aedes indicators by Premise Condition Index (PCI) ranking over different seasons

PCI score Number of houses (%)
Houses with at least
one Aedes female (%) Aedes females

Mean Aedes females per house
(SD, minimum–maximum)

All time points combined (n = 30 clusters)
3 30 (1) 5 (17) 11 0.37 (1.03, 0–5)
4 138 (6) 32 (23) 50 0.36 (0.85, 0–6)
5 623 (26) 133 (21) 224 0.36 (0.93, 0–8)
6 1,178 (49) 329 (28) 791 0.67 (2.78, 0–82)
7 327 (14) 97 (30) 239 0.73 (2.16, 0–30)
8 71 (3) 15 (21) 22 0.31 (0.77, 0–4)
9 9 (0) 3 (33) 3 0.33 (0.50, 0–1)
Missing 24 (1) 4 (17) 5 0.21 (0.51, 0–2)
Total 2,400 (100) 618 (26) 1,345 0.56 (2.18, 0–82)

October 2015 (heavy rain season): control at baseline (n = 10 clusters)
3 3 (1) 0 (0) 0 0.00 (0, 0–0)
4 31 (8) 8 (26) 10 0.32 (0.60, 0–2)
5 126 (32) 23 (18) 38 0.30 (0.79, 0–5)
6 183 (46) 25 (14) 33 0.18 (0.52, 0–3)
7 41 (10) 11 (27) 19 0.46 (1.07, 0–6)
8 11 (3) 1 (9) 1 0.09 (0.30, 0–1)
9 0 (0) 0 (0) 0 –
Missing 5 (1) 0 (0) 0 0.00 (0, 0–0)
Total 400 (0) 68 (17) 101 0.25 (0.69, 0–6)

February 2016 (dry season) (n = 10 clusters)
3 3 (1) 1 (33) 5 1.67 (2.89, 0–5)
4 14 (4) 4 (29) 7 0.50 (1.09, 0–4)
5 187 (47) 42 (22) 71 0.38 (1.03, 0–8)
6 161 (40) 47 (29) 106 0.66 (1.62, 0–14)
7 23 (6) 6 (26) 7 0.30 (0.56, 0–2)
8 6 (2) 1 (17) 1 0.17 (0.41, 0–1)
9 3 (1) 0 (0) 0 0.00 (0, 0–0)
Missing 3 (1) 0 (0) 0 0.00 (0, 0–0)
Total 400 (100) 101 (25) 197 0.49 (1.29, 0–14)

June 2016 (light rain season) (n = 10 clusters)
3 4 (1) 1 (25) 1 0.25 (0.50, 0–1)
4 32 (8) 10 (31) 22 0.69 (1.35, 0–6)
5 54 (14) 29 (54) 64 1.19 (1.63, 0–7)
6 230 (58) 148 (64) 505 2.20 (5.8, 0–82)
7 78 (20) 42 (54) 160 2.05 (3.93, 0–30)
8 2 (1) 0 (0) 0 0.00 (0, 0–0)
9 0 (0) 0 (0) 0 –
Missing 0 (0) 0 (0) 0 –
Total 400 (100) 230 (58) 752 1.88 (4.81, 0–82)

October 2016 (heavy rain season) (n = 10 clusters)
3 4 (1) 1 (25) 1 0.25 (0.5, 0–1)
4 13 (3) 2 (15) 2 0.15 (0.38, 0–1)
5 42 (11) 11 (26) 14 0.33 (0.61, 0–2)
6 280 (70) 50 (18) 68 0.24 (0.59, 0–3)
7 56 (14) 7 (13) 9 0.16 (0.46, 0–2)
8 4 (1) 2 (50) 2 0.50 (0.58, 0–1)
9 1 (0) 0 (0) 0 0.00 (0, 0–0)
Missing 0 (0) 0 (0) 0 –
Total 400 (100) 73 (18) 96 0.24 (0.57, 0–3)
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because the most productive containers were large water
storage containers for animal husbandry that are not fre-
quently changed or replaced.Morewealthy families and those
with nicer houses may be more likely to have lots of farm

animals and, therefore, need these large water storage con-
tainers. In contrast, 30 premises (2.5%) with the most adult
female Aedes mosquitoes represented 25% of adult females
and they tended to have relatively higher PCI scores (none had

TABLE 3
Immature Aedes indicators by Premise Condition Index (PCI) ranking over different seasons

PCI score Number of houses (%)
Houses positive for Aedes

larvae or pupae (%) Number of containers (%) Number of containers positive
Number of

Aedes pupae
Mean pupae per house

(SD, minimum–maximum)

All time points combined (n = 30 clusters)
3 30 (1) 12 (40) 179 (1) 32 991 33 (145, 0–791)
4 138 (6) 59 (43) 723 (5) 109 887 6 (22, 0–166)
5 623 (26) 250 (40) 3,548 (26) 431 5,739 9 (105, 0–2,580)
6 1,178 (49) 578 (49) 7,016 (52) 1,060 8,588 7 (27, 0–585)
7 327 (14) 167 (51) 1,610 (12) 283 1,450 4 (12, 0–97)
8 71 (3) 35 (49) 283 (2) 56 286 4 (13, 0–81)
9 9 (0) 2 (22) 46 (0) 3 9 1 (2, 0–5)
Missing 24 (1) 11 (46) 124 (1) 18 49 2 (5, 0–16)
Total 2,400 (100) 1,102 (46) 13,529 (100) 1992 17,999 7 (60, 0–2,580)

October 2015 (heavy rain season): control at baseline (n = 10 clusters)
3 3 (1) 1 (33) 18 (1) 2 11 4 (6, 0–11)
4 31 (8) 12 (39) 117 (8) 23 92 3 (9.6, 0–50)
5 126 (32) 51 (40) 483 (31) 78 594 5 (15, 0–129)
6 183 (46) 72 (39) 726 (47) 105 759 4 (11, 0–82)
7 41 (10) 18 (44) 142 (9) 28 205 5 (12, 0–59)
8 11 (3) 3 (27) 33 (2) 7 3 0 (1, 0–3)
9 0 (0) 0 (0) 0 (0) 0 0 –
Missing 5 (1) 4 (80) 25 (2) 4 12 2 (5, 0–12)
Total 400 (100) 161 (40) 1,544 (100) 247 1,676 4 (12, 0–129)

February 2016 (dry season) (n = 10 clusters)
3 3 (1) 1 (33) 35 (1) 10 124 41 (72, 0–124)
4 14 (4) 6 (43) 169 (5) 10 98 7 (24, 0–91)
5 187 (47) 59 (32) 1,517 (42) 136 653 3 (10, 0–89)
6 161 (40) 62 (39) 1,584 (44) 167 947 6 (19, 0–131)
7 23 (6) 10 (43) 224 (6) 17 81 4 (8, 0–26)
8 6 (2) 3 (50) 46 (1) 8 18 3 (7, 0–18)
9 3 (1) 0 (0) 22 (1) 0 0 0 (0, 0–0)
Missing 3 (1) 1 (33) 23 (1) 2 0 0 (0, 0–0)
Total 400 (100) 142 (36) 3,620 (100) 350 1921 5 (16, 0–131)

June 2016 (light rain season) (n = 10 clusters)
3 4 (1) 2 (50) 16 (1) 5 6 2 (3, 0–6)
4 32 (8) 20 (63) 152 (6) 33 272 9 (22, 0–121)
5 54 (14) 33 (61) 364 (15) 53 607 11 (29, 0–148)
6 230 (58) 174 (76) 1,480 (61) 342 2,741 12 (35, 0–330)
7 78 (20) 52 (67) 411 (17) 86 296 4 (11, 0–71)
8 2 (1) 1 (50) 5 (0) 1 0 0 (0, 0–0)
9 0 (0) 0 (0) 0 (0) 0 0 –
Missing 0 (0) 0 (0) 0 (0) 0 0 –
Total 400 (100) 282 (71) 2,428 (100) 520 3,922 10 (30, 0–330)

October 2016 (heavy rain season) (n = 10 clusters)
3 4 (1) 1 (25) 40 (2) 2 32 8 (16, 0–32)
4 13 (3) 7 (54) 99 (4) 15 115 9 (26, 0–92)
5 42 (11) 19 (45) 250 (10) 33 180 4 (15, 0–91)
6 280 (70) 96 (34) 1,698 (70) 146 807 3 (9, 0–96)
7 56 (14) 20 (36) 312 (13) 30 98 2 (5, 0–25)
8 4 (1) 4 (100) 26 (1) 7 13 3 (4, 0–9)
9 1 (0) 0 (0) 4 (0) 0 0 0 (0, 0–0)
Missing 0 (0) 0 (0) 0 (0) 0 0 –
Total 400 (100) 147 (37) 2,429 (100) 233 1,245 3 (10, 0–96)

TABLE 4
Association between each Premise Condition Index point and the mean density of Aedes adult females and pupae at household and cluster level
over multiple seasons

Adult Aedes Aedes pupae

By household
Unadjusted 1.25 (1.11–1.39), P £ 0.01 0.74 (0.57–0.96), P = 0.02
Adjusted for survey 1.16 (1.02–1.31), P = 0.02 0.74 (0.59–0.93), P = 0.01

By cluster
Unadjusted 1.80 (1.12–2.88), P = 0.01 0.79 (0.32–1.93), P = 0.60
Adjusted for survey 1.52 (1.11–2.08), P = 0.01 0.78 (0.35–1.73), P = 0.55
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scores below 5). Therefore, the relative impact of one or two
households has less weight on the overall measure with the
adults thanwith immatures. Similar results have been found in
other studies and resulted in af!rmations of PCI’s effective-
ness and suggestions on how to incorporate it into national
control programs. Similar positive associations in Mexico
(OR = 1.27, P = 0.001) between PCI andAedes larvae resulted
in researchers concluding that the PCI can be an adequate
estimator of the Ae. Agypti infestation rate.22 In Brazil,
researchers found a positive correlation between PCI and
houses positive for Aedes eggs (r = 0.97, P < 0.01) and stated
that the results clearly showed the usefulnessof themethod.23

They went one step further and suggested “in the case of
dengue outbreaks, by having all representative house indices
of the region, it will be much easier and less expensive to
control the epidemic.” Positive correlations between PCI and
house positivity for larvae, pupae, and adult A. aegypti (P >
0.05) led authors to advocate to the Brazilian Dengue Control
Program the use of PCI to schedule the vector control teams’
visits with different frequencies based on PCI scores.17 In
Mexico, a signi!cant positive correlationbetweenaveragePCI

of a location and the house index was found (OR = 1.37, P =
0.007), and it was noted that in the near future, the authors
expected to use information derived from PCI to “focalize
integrated dengue vector control on houses/city blocks/
neighborhoods/areas with high levels of PCI (6–9).”20 These
examples show how relatively weak evidence has been
used to advocate for PCI’s use and integration into national
policy.
However, !nding statistically signi!cant correlations does

not always mean that the variables will be good predictors.35

In our study, ROC curves showed that PCI had “rather low
accuracy” (AUC = 0.54 and 0.52, respectively) to predict
premises in the top quartile for Aedes adult females and pu-
pae. Additional ROC curves measuring the ability of PCI to
predict clusters (as opposed to houses), which represent the
top quartile of Aedes adult females and pupae also found it to
have “rather low accuracy” (AUC = 0.64 and 0.62, re-
spectively). This is especially true when using highly variable
outcomes such as immature measures. Therefore, control
programs may want to use care when interpreting PCI asso-
ciations in their area.

FIGURE 1. Receiver operatingcharacteristic (ROC) curveofPremise
Condition Index and prediction values in predicting the premises with
the top quartile of adult mosquito density.

FIGURE 2. Receiver operatingcharacteristic (ROC) curveofPremise
Condition Index and prediction values in predicting the clusters with
the top quartile of adult mosquito density.

FIGURE 3. Receiveroperatingcharacteristic (ROC)curveofPremise
Condition Index and prediction values in predicting the premises with
the top quartile of immature mosquito density.

FIGURE 4. Receiveroperatingcharacteristic (ROC)curveofPremise
Condition Index and prediction values in predicting the clusters with
the top quartile of immature mosquito density.
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There are also several limitations of the PCI methodology to
consider including that nonresidential premises, vacant lots,
and construction worksites are often not ranked. Andrighetti
et al.17 noted that 21%of the premises in their study could not
be ranked and harbored 11.6%of larvae, 20.9%of pupae, and
20.8% of adults. In our study, we did not include vacant lots,
schools, monasteries, or other public areas and, therefore,
results may not be representative of those areas. In addition,
the inability of the inspector to inspect or see into rear yards in
some study settings may lead to misclassi!cation.19 One of
the key weaknesses that has been widely reported is that the
scoringmay not be standardized across individuals, teams, or
organizations.19 One potential way to reduce this variability
would be to use drones to take aerial photographs that could
be scored by one individual or team. Another way could be to
use PCI to classify geographical locations where it has been
shown useful would be to assign one team to categorize the
areas in known hot spots in advance of outbreaks. Then, the
scores could be used to try to identify which hot spots or
villages to target when resources are scarce. Nevertheless, it
is unknown how use of PCI to prioritize households or geo-
graphical areas would be accepted within the communities.25

In addition, this would only work if PCI was not variable be-
tween seasons and years.
These results may not be generalizable to areas with more

variability in housing conditions, different ecological con-
ditions, or different mosquito abundance pro!les. Consider-
able resources need to be invested in ensuring teams have
standardized scoring of PCI, the corresponding PCI cutoffs
are followed correctly, and evaluating the acceptance of
individuals or communities who are not prioritized. These
resources may be better spent evaluating other methods to
target premises or spent generally on Aedes control. Future
studies could evaluate the use of PCI in other geographical
settings, the effectiveness of PCI to identify premises with
dengue infection, or the acceptance by the community of
PCI’s use where it is found to be effective.
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2001. Educational campaign versus malathion spraying for the
control of Aedes aegypti in Colima, Mexico. Public Health Pol
Pract 56: 148–152.

33. Zeileis A, Lumley T, Berger S, Graham N, 2018. Robust Co-
variance Matrix Estimators. Available at: https://cran.r-
project.org/web/packages/sandwich/sandwich.pdf. Accessed
February 7, 2018.

34. Swets JA, 1988. Measuring the accuracy of diagnostic systems.
Science 240: 1285–1293.

35. Shmueli G, 2010. To explain or to predict? Stat Sci 25: 289–310.

8 HUSTEDT AND OTHERS


