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Abstract. We assessed risk factors for vectors of dengue and chikungunya viruses near a new hydroelectric project,
Nam Theun 2, in Laos. Immature stages of Aedes aegypti were found only in sites within 40 km of the urban provincial
capital, but Aedes albopictus was found throughout. Aedes aegypti pupae were most common in water storage jars (odds
ratio [OR] = 4.72) and tires (OR = 2.99), and Ae. albopictus pupae were associated with tires in 2009 (OR = 10.87) and
drums, tires, and jars in 2010 (drums OR = 3.05; tires OR = 3.45, jars OR = 6.59). Compared with water storage vessels,
containers used for hygiene, cooking, and drinking were 80% less likely to harborAe. albopictus pupae in 2010 (OR = 0.20),
and discarded waste was associated with a 3.64 increased odds of infestation. Vector control efforts should focus on source
reduction of water storage containers, particularly concrete jars and tires.

INTRODUCTION

Dengue is common in towns and cities in Laos. In 2010,
there were 22,772 cases and 42 deaths1 (total population =
6.2 million in 20102). Over the past decade, the number of
dengue cases has increased and control of this disease is now
a major public health issue. The status of chikungunya is less
well understood, but given that disease outbreaks have been
reported in neighboring Thailand3 it is also likely to occur
in Laos.
Themajor vector of dengue virus (DENV) and chikungunya

virus (CHIKV) is Aedes aegypti, which has been reported in
Vientiane capital city, as well as other urban areas of
Laos.4,5 The immature stages (eggs, larvae, and pupae) of
this species are predominantly found in natural and artificial
container habitats within human settlements.6 The adapta-
tion of Ae. aegypti to the urban environment means that
transmission of DENV and CHIKV predominantly occurs in
these settings. Aedes albopictus, a secondary vector for DENV
and primary vector for recent outbreaks of chikungunya in
Malaysia and Thailand,7,8 also exhibits a preference for
oviposition in container habitats, but is generally more asso-
ciated with peri-urban and rural environments.9–11

Dengue and chikungunya are neither vaccine preventable,
nor are there drugs to treat infections. Therefore, attempts to
reduce the burden of disease are reliant on vector control.
Aedes spp. mosquitoes typically feed during the early even-
ing when humans are not protected by bed nets. Thus,
control strategies focus on source reduction of larval/pupal
habitats or other techniques targeting the immature stages of
the mosquito such as larval habitat source reduction through
frequent emptying and cleaning of water-holding containers,
or killing larvae using insecticides or biological control
agents.12 For source reduction to be effective, it is essential
to understand which containers form the most productive

habitats and identify the features that increase their suitabil-
ity as breeding sites.
It was hypothesized that development of the large Nam

Theun 2 hydroelectric project (NT2) (www.namtheun2.com)
in Khammouane Province in south central Laos, and the
resettlement of more than 6,500 persons in the area would
result in more opportunities for Aedes spp. breeding because
of increased socioeconomic development and urbanization.
Proximity of the NT2 project to a highly urban center,
Thakhek, to which dengue is endemic and in which Ae. aegypti
is abundant,4 led to concerns that the vector and the virus could
spread to the NT2 resettlement area where surveys had indi-
cated the absence of Ae. aegypti and low level of exposure to
DENV.13 An understanding of vector distribution and habitat
preference was needed to determine the extent of DENV trans-
mission risk across NT2 affected areas and to better understand
options for vector control in this area.
The aim of the study was to investigate risk factors for the

presence of Ae. aegypti and Ae. albopictus in domestic water-
holding containers in settlements of Khammouane Province,
which were distributed along a 90-km stretch of road between
the provincial capital city, Thakhek, and the rural NT2
resettlement area.

METHODS

Study area. Surveys took place during the hot, rainy sea-
sons of 2009 and 2010 (July–September). Settlements could
be broadly categorized as resettlement or traditional. Villages
of the resettlement area (Figure 1) were built to relocate
persons who had been living in the area that was flooded
during creation of the NT2 reservoir. These villages were
established in 2007 and 2008 before reservoir inundation.
They were located along the southern shoreline of the reser-
voir, connected to one another by a dirt road. Pumped water
was available from wells. The primary occupations of persons
in the resettlement community were fishing, growing rice and
sugarcane, gathering food from the forest, and animal hus-
bandry (cows, buffaloes, goats, pigs, chickens, and ducks).
Resettlement houses were of a uniform style, constructed
from locally sourced hardwood with iron roofs, and elevated
on stilts 2.5–3 meters above ground level. Each house had its
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own latrine in a hut built at ground level approximately
5 meters from the main house.
Houses in the traditional settlements, located downstream

of the reservoir in a predominantly rice farming area, were
more heterogeneous in design. Traditional settlements are
those located outside the resettlement area (Figure 1). Most
residents of traditional settlements had access to pumped
water, but some collected water from wells and nearby rivers.
Villages were connected to dirt roads and were near the major
tarmac road connecting Thakhek with the resettlement area.

Houses were mostly made from wood or bamboo, with iron
roofs, but with a higher proportion of brick houses closer to
Thakhek (Figure 1). The primary occupations of local people
were similar to those in the resettlement area.
During 2009, surveys took place in seven resettlement and

five traditional settlements. In 2010, the geographic range of
the study area was expanded to include the urban area around
Thakhek, and surveys took place in four resettlement and
nine traditional settlements. Global positioning system coor-
dinates for all settlements are shown in Table 1.

Figure 1. Locations of settlements in Laos in which surveys for dengue virus and chikungunya virus vectors were conducted during 2009 and
2010. Settlements located in the NT2 resettlement area are enclosed in the orange circle and settlements outside this area are downstream villages.
The urban center, Thakhek Neua, is enclosed by a blue circle. Locations of settlements in which Aedes aegypti was sampled are indicated by
squares and locations in which only Ae. albopictus was present are indicated by circular icons.
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Entomologic surveys. In 2009, study villages in the
resettlement area were selected to provide an even distribu-
tion along the shore of the reservoir and the area immediately
downstream of the reservoir. In 2010, the selection of settle-
ments was designed to give an even distribution along the
main road leading from Thakhek to the resettlement area,
and one settlement was selected approximately every 10 km
along the main road.
Household container surveys. To reduce the effects of sea-

sonal or temporal variation on catch sizes, surveys took place
in each settlement over the course of 1–3 days. During 2009,
20–25 households were surveyed per settlement and in 2010
this was increased to 30 households per settlement. A house-
hold was defined as a single residential building, including any
storage buildings, kitchen, or latrine huts, as well as the out-
side area up to the fenced partition separating one house from
its neighbor. Where no obvious partition was in place, all
containers within an approximately 10-meter radius of the
house were surveyed.
Household selection was performed in a systematic random

manner. From a randomly selected start point at the periph-
ery of each settlement, every ith house was selected for inclu-
sion in the survey, where i was the total number of households
in the settlement, divided by 25 in 2009 and by 30 in 2010. If it
was not possible to include a house in the study because
nobody was at home to give permission for sampling, the
neighboring house (i + 1) was chosen. This sampling strategy

meant that study houses were uniformly distributed across
each settlement and that any house, regardless of size, con-
struction, number of occupants, or socioeconomic status, was
included in the sampling frame.
Every accessible water-holding container in and around a

house was sampled for the presence of immature mosquitoes.
Small containers (£ 20-liter capacity volume) were completely
drained through a sieve into a white larval sampling tray
(25 + 20 +4 cm) to collect larvae and pupae. Larger containers
were sampled using a 250-mL larval dipper. Five dips were
taken from the surface water of each container (four dips
evenly spaced around the edges of the container and one at
the center). All larvae and pupae were returned in labeled
bottles to the field laboratory with a small amount of detritus
for nutrition.
Every water-holding container was categorized according to

type of container, container function (2010 only), shape, max-
imum capacity, volume of water in the container (as a percent-
age of the maximum capacity), material, presence of a cover,
location within the house (2010 only), and degree of shade.
Measuring the degree of urbanization. Rather than catego-

rizing villages according to a classic urban/rural dichotomy,
settlements were placed on a scale of urbanization according
to a numerical score. The urbanization score assigned to
each settlement was the sum of scores allocated to a number
of specific characteristics, and high scores were related to
greater degrees of urbanization. For example, the more
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Table 1

Relative abundance of container types alongside pupae per person in each settlement surveyed during 2009 and 2010*

Year and village name GPS positional data
Container type as a proportion (%) of water-holding

containers in each village Pupae per person

2009 North East
Elevation above
sea level (meters)

Drum
(n = 161)

Tire
(n = 141)

Jar
(n = 137)

Other
(n = 268)

Remaining
(n = 392)

Aedes
aegypti

Aedes
albopictus

Thalang 17 °50¢10.6² 105 °02¢59.9² 541 19.8 14 1.7 24.8 39.7 0 0.046
NongBouakham 17 °49¢15.8² 105 °02¢57.3² 544 20.5 4.5 5.7 23.9 45.5 0 0.109
Nakai Tai 17 °45¢04.3² 105 °06¢32.8² 553 3.7 7.9 4.3 28 56.1 0 0.030
Oudomsouk 17 °42¢57.2² 105 °08¢35.7² 559 25.7 13.9 0.7 13.9 45.8 0 0.085
SopOn 17 °41¢04.5² 105 °13¢16.4² 543 4.6 8 1.1 37.9 48.3 0 0.118
Done 17 °40¢07.1² 105 °15¢24.4² 551 6.7 6.7 2.2 28.1 56.2 0 0.043
KhoneKhen 17 °38¢.5² 105 °19¢00.7² 565 3.4 10.3 0 17.2 69 0 0.009
Lao Nang Gnam 17 °38¢17.4² 105 °09¢34.6² 184 21.1 28.9 5.3 40.8 3.9 0 0.313
Na Lat Kuay 17 °36¢39.5² 105 °09¢40.0² 172 21.1 36.8 7 31.6 3.5 0 0.099
Pova 17 °24¢53.5² 105 °12¢00.5² 158 21.3 8.5 17 27.7 25.5 0.045 0.067
Pakhen 17 °19¢49.8² 105 °14¢28.8² 160 5.6 21.1 62 7 4.2 0 0.060
Dangtha 17 °05¢57.3² 104 °57¢02.8² 147 16.5 6.3 64.6 10.1 2.5 0 0.091

2010
Drum

(n = 325)
Tire

(n = 296)
Jar

(n = 451)
Other

(n = 341)
Remaining
(n = 1,015)

Aedes
aegypti

Aedes
albopictus

Thalang 17 °50¢10.6² 105 °02¢59.9² 541 17.1 6.3 4 14.3 58.3 0 0.149
Oudomsouk 17 °42¢57.2² 105 °08¢35.7² 559 29.5 12.5 2.3 14.2 41.5 0 0.294
Oudomsouk
Market

17 °42¢599.2² 105 °08¢51.6² 544 15.6 15.6 0 14.4 54.4 0 0.147

SopOn 17 °41¢04.5² 105 °13¢16.4² 543 7.4 5.4 4.4 21.7 61.1 0 0.248
Keovilai 17 °38¢36.2² 105 °10¢09.1² 188 10.5 14.9 22.7 9.9 42 0 0.818
Gnommalath Tai 17 °36¢11.7² 105 °10¢05.8² 159 19.3 13.6 10.3 16.3 40.5 0 0.741
Phathoung-
Kouanphan

17 °32¢16.5² 105 °09¢29.3² 157 16 29 18.2 13.4 23.4 0 1.354

Phachoumkhong 17 °28¢34.4² 105 °10¢11.1² 160 15.5 6.2 35.4 3.7 39.1 0 1.023
Lak Gao-Lak
Jet

17 °26¢41.4² 105 °07¢45.0² 157 4.7 8.5 38 4.7 44.2 0.006 0.222

Nadou-Phonlai 17 °26¢14.5² 105 °01¢42.6² 157 4.2 11.3 28 10.7 45.8 0.017 0.295
Phinh-
Oudomvilai

17 °27¢10.3² 104 °57¢24.6² 160 9.6 14.4 30.5 11.4 34.1 0 0.669

Tham 17 °25¢42.2² 104 °51¢50.0² 150 7.6 5.6 45.1 13.2 28.5 0.503 0.211
Thakhek 17 °24¢00.2² 104 °48¢07.7² 148 9.4 9.4 17.4 24.3 39.6 0.427 0.080

*Downstream villages are shown in bold. Other villages are NT2 resettlement villages. GPS = global positioning system.



businesses present in a community, the higher the score
assigned to a village on the basis of business. Attributes
contributing to the urbanization score were land use, pro-
portion of community working in agriculture or fisheries,
proximity to a bus station, car and motorbike ownership,
road condition, spatial density of housing, house construc-
tion materials, water supply, distance to services such as
markets, post offices, gas stations, and healthcare centers,
telephone network coverage, types of school or higher edu-
cation establishment in the community, electricity supply,
number of restaurants, number of businesses, and popula-
tion of the settlement. Full details of scoring for each crite-
rion are provided in Supplemental Table 1.
Laboratory methods. In the laboratory, third-stage and

fourth-stage larvae and all pupae were counted and trans-
ferred to holding cups covered with permeable gauze. Pupae
were allowed to develop and emergent adults were identified
morphologically. At least five larvae were identified from
each container within 48 hours of sampling. If a mixture of
species were present, the minimum number of larval identifi-
cations was increased to 10. Any remaining larvae were kept
for 15 days to develop into adults. Larvae were fed Sakura
Gold fish food for small aquarium fish (See-All Aquariums
Co., Ltd., Bangkok, Thailand). Adult and larval identifica-
tions were carried out morphologically by using keys to the
mosquitoes of Thailand and Vietnam.14–16

Statistical analysis. Initial analyses characterized con-
tainers with the greatest pupal densities during each year of
the study. To determine whether the presence of one species
of Aedes was independent of the presence of the other spe-
cies within the same container, data was analyzed for the
four settlements in which both species were found. Assum-
ing that the probability of species presence in a container is
constant, the probability of finding each species in any con-
tainer was calculated. The number of containers in which
both species would be expected to occur simultaneously, if
they are independent of one another, was estimated. Under
the null hypothesis, the observed number of containers with
both species would not differ significantly from the expected
number of containers with both species, and P values for this
test were calculated by using the binomial cumulative distri-
bution function.
For each settlement in which surveys took place, the num-

ber of pupae per person was calculated because pupal density
has been reported to be a good indicator of adult Ae. aegypti
population size,17,18 and there is a close correlation between
pupal densities and adult emergence rates.19 This index forms
an appropriate way to assess risk of disease transmission in
different geographic areas.20

During 2009, only 9 containers had any Ae. aegypti and risk
models were not created for this species. In 2010, risk factors
for Ae. aegypti pupae were identified by using data from only
the four villages in which this species was found. Risk factors
for Ae. albopictus pupae were estimated for all villages
surveyed during both years of the study.
For each species, univariate logistic regression analyses

were conducted to identify possible risk factors for the pres-
ence/absence of pupae in a container. All individually signifi-
cant variables with P < 0.1 were included in a multivariable
model, and predictors were eliminated from the multivariable
model by using a backwards stepwise approach, retaining
terms for which the result of a likelihood ratio test gave P <

0.1 because they were deemed to contribute significantly to
the overall fit of the model.
The following variables were excluded from the multivar-

iable model on the basis of confounding with other predic-
tors: material that was associated with container type and
elevation and village that were associated with urbanization
score in 2010 (all assigned at the village level). Container
function and room were only recorded during the 2010
surveys. Therefore, these factors were not included in 2009
risk models.
Statistical analyses were performed by using Microsoft

Excel 2010 (Microsoft, Redmond, CA), Stata Statistical Soft-
ware Release 10 (StataCorp LP, College Station, TX), and
Matlab (The Mathworks Inc., Natick, MA).
Ethical approval. This study was approved by the Lao

Ministry of Health, the Khammouane Provincial Health
Office, and the district health offices of Nakai, Gnommalath,
Mahaxay, Xe Bang Fai, and Thakhek, the Health Program
Management Unit of NT2, and the ethics committee of
the London School of Hygiene and Tropical Medicine.
Meetings were held with the heads of each village before
commencement of surveys, and informed oral consent
was given by the head of each household before entering
any home.

RESULTS

General findings. Surveys took place in 704 households
(3,546 containers) during July 2009–August 2010. Aedes

aegypti comprised 4.1% of all larvae (n = 3,973) and 1.3%
of pupae (n = 458) in 2009 and 10.1% of larvae (n = 9,067)
and 10.4% of pupae (n = 1,526) in 2010. In contrast, Ae.

albopictus was much more abundant and formed 37.9% of
all larvae and 39% of pupae sampled in 2009 and 61.5% of
larvae and 65% of pupae sampled in 2010. Although Ae.

albopictus was present in all study settlements in both years,
the distribution of Ae. aegypti was limited to four settle-
ments located within 40 km of Thakhek (Thakhek, Tham,
Nadou-Phonlai, and Lak Gao-Jet). This species was never
found in the NT2 resettlement area (Table 1).
Distribution of Aedes immature mosquitoes among

containers and households. During both years of the study,
mosquito populations were over-dispersed, and there was much
greater mosquito densities in some households than others
(Figure 2). Among water-holding containers, the distribution
of larvae and pupae was also over-dispersed, and most con-
tainers had few or no aquatic stages and some containers had
high larval and pupal counts.
Key container habitats. During 2009, 5 of 6 Ae. aegypti

pupae were sampled from jars and drums without covers.
During 2010, 68.1% of Ae. aegypti pupae were found in jars
and containers categorized as other (n = 160 pupae).
For Ae. albopictus, most pupae collected in 2009 were in

tires and containers classified as other, which did not have
a cover (39.5% of all pupae, n = 178 pupae). In 2010, tires,
jars, and containers classified as other held 75.2% of all
pupae (n = 992 pupae).
Simultaneous occurrence of Ae. aegypti and Ae. albopictus

in the same container. In 2010, Ae. aegypti and Ae. albopictus
occurred simultaneously in 26 containers (3.8% of 676 con-
tainers in the four villages where both species were present).
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The observed number of containers with both species was
higher than would be expected under a binomial distribution
in which the species occur independently of one another
(Table 2). Thus, the null hypothesis that the presence of
one species in a container was independent of the presence
of the other species was rejected.
Container types. The relative abundance of jars, drums,

tires and other containers differed between years (Table 1)
(2009: c2 = 688.3, degrees of freedom = 55, P < 0.001; 2010:
c2 = 531.7, degrees of freedom = 60, P < 0.001). Jars were
more common in traditional villages (5.3–64.6% in 2009;
10.3–45.1% in 2010) than resettlement villages (0–5.7% in
2009; 0–4% in 2010). Although the relative abundance of

tires, drums, and other containers differed between villages,
there did not appear to be a clear-cut difference between
resettlement and traditional villages.
Risk factors for pupae of Aedes spp. For 2010, risk factor

analysis for pupae of Ae. aegypti was conducted for the 676
water-holding containers sampled in the four villages where
Ae. aegypti was found. Pupae of Ae. aegypti were present in
7.0% of these containers (47 of 676), and the final multivari-
able model is shown in Table 3.
For every one unit increase in degree of urbanization,

which ranged from 16 in the least urban settlement (Nadou-
Phonlai) to 50 in the most urban settlement (Thakhek), the
odds of finding Ae. aegypti pupae in a container increased by
0.04 (odds ratio [OR] = 1.04, 95% confidence interval [CI] =
1.02–1.06, P < 0.001). Container type was also an important
predictor of Ae. aegypti pupal presence during 2010 with tires
2.99 times more likely to contain pupae than buckets (OR =
2.99, 95% CI = 1.01–8.86, P = 0.049) and jars 4.72 times more
likely to contain pupae than buckets (OR = 4.72, 95% CI =
2.05–10.89, P < 0.001). The presence of a cover significantly
reduced the odds of a container having pupae, and covered
containerswere 81% less likely be infestedwithAe. aegypti than
one without a cover (OR = 0.19, 95%CI = 0.06–0.63,P = 0.006).
Univariate analysis indicated there was evidence that the func-
tion of a container influenced the probability of infestation with
Ae. aegypti pupae because containers used for hygiene, cooking,
and drinking were associated with 73% lower risk of having
pupae than a container used for water storage (OR = 0.27, 95%
CI = 0.10–0.73, P = 0.010). However, the addition of container
function to themultivariablemodel did not increase the fit of the
model and this predictor was subsequently dropped.
During 2009, risk factor analysis for Ae. albopictus pupae

included the data from 1,099 domestic water-holding con-
tainers. Pupae of Ae. albopictus were present in 4.2% of these
containers (46 of 1,099). The likelihood of findingAe. albopictus
pupae in a container was strongly affected by container type,
and tires had odds of infestation 10.87 times greater than
buckets during 2009 (OR = 10.87, 95% CI = 3.60–32.88, P <
0.001) (Table 3). Discarded waste items, watering cans, bottles,
wheelbarrows, trees, and ditches pooled as other were 4.03
times more likely to contain Ae. albopictus pupae than buckets
(OR = 4.03, 95% CI = 1.40–11.56, P = 0.010). In addition to the
physical attributes of a container, how full it was at the time of
sampling was also an important predictor of Ae. albopictus
pupal presence with every 1% increase in fullness associated
with a 0.01 increase in the odds of pupae (OR = 1.01, 95% CI =
1.00–1.02, P = 0.020).
In 2010, risk factor analysis for Ae. albopictus pupae

included data from 2,431 domestic water-holding containers.
Pupae of Ae. albopictus were present in 8.8% of these con-
tainers (213 of 2,431).Urbanization was also a significant pre-
dictor forAe. albopictus pupae, but in contrast with the results
for Ae. aegypti, for every one unit increase in urbanization,
the odds of finding Ae. albopictus in a container was reduced
by 0.04 (OR = 0.96, 95% CI = 0.94–0.98, P < 0.001). Container
type remained an important risk factor in 2010, with the odds
of infestation 3.05 times greater in drums (OR = 3.05, 95%
CI = 1.35–6.89, P = 0.007), 3.45 times greater in tires (OR =
3.45, 95% CI = 1.63–7.31 P = 0.001), 6.59 times greater in jars
(OR = 6.59, 95% CI = 3.25–13.35, P < 0.001) and 2.34 times
greater in other types of container (OR = 2.34, 95% CI = 1.10–
5.01, P = 0.028), all compared with buckets. For Ae. albopictus,
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Table 2

Observed and expected number of containers with Aedes aegypti and
Ae. albopictus in four settlements where both species were found
during 2010*

Settlement (n = total number of containers)

No. containers with Aedes aegypti
and Ae. albopictus

Observed Expected P

All settlements (n = 676) 26 7.36 < 0.001
Lak Gao-Lak Jet (n = 129) 1 0.1 0.0047
Nadou-Phonlai (n = 168) 5 0.833 < 0.001
Tham (n = 144) 10 3.97 0.0023
Thakhek (n = 235) 10 2.36 0.0023

*P values were calculated after comparing observed and expected values by using the
binomial cumulative distribution function.

Figure 2. Over-dispersed abundance of Aedes aegypti and Ae.
albopictus larvae (upper) and pupae (lower) among houses in Laos
during 2009 and 2010. Distribution between houses remained fairly
consistent between years.



discarded waste items had 3.64 times greater odds (OR = 3.64,
95% CI = 1.84–7.17, P < 0.001) of infestation than a container
used to store water. Containers used for hygiene, cooking, and
drinking purposes were 80% less likely to have pupae than
those used for water storage (OR = 0.20, 95% CI = 0.10–
0.39, P < 0.001). The risk of Ae. albopictus pupae in 2010 was
also less in covered containers compared with uncovered
containers (OR = 0.25, 95%CI = 0.08–0.74, P = 0.013).

DISCUSSION

The investigations described in this report address previ-
ously unknown features of the biology and spatial distribu-
tion of DENV and CHIKV vectors in areas affected by the
NT2 hydroelectric project in south central Laos. Aedes
aegypti was strongly associated with urban environments
and was found only in settlements near the provincial capi-
tal, Thakhek, and within the city itself. In the remainder of
this rural area, Ae. albopictus dominated the collections.
This urban-rural split for the two vector species is a common
finding in other parts of Southeast Asia,9–11 although the
reasons for this finding are unclear.
The different distributions may be partly caused by local

climate factors. The climate of the resettlement area, which
is situated on a mountain plateau, is cooler than in the
traditional settlements and urban center downstream of the
reservoir. Local recordings from meteorologic stations show
that the resettlement area was 3.3°C cooler than down-
stream areas in 2009 and 2.6 °C cooler in 2010. Aedes

albopictus may be better adapted to the cooler weather than
Ae. aegypti. Similar findings have been reported in Vietnam
where Ae. albopictus dominates in cool mountainous areas
in the north of the country, and Ae. aegypti is found more
commonly in the hotter south,21 and it appears that climatic
differences between the regions explain most of these dif-
ferences in species composition, even after testing the
effects of urbanization. In Madagascar, Ae. albopictus domi-
nates on the cool central plateau, whereas Ae. aegypti was
primarily found at lower altitudes on the hotter parts of
the island.22 In Taiwan, the northern limit of Ae. aegypti
appeared to be restricted by low temperatures that Ae.
albopictus was better able to tolerate.23 During the hot, rainy
season, study period in Laos, temperatures exceeded the
average winter minimums of 15.8–17.8°C from areas of
Taiwan where Ae. aegypti was absent. However, during the
cool, dry season of 2010, temperatures in Nakai decreased
to an average minimum 17°C in January and 16.8°C in
December, which are below the likely threshold limit for
Ae. aegypti survival, and temperatures in Thakhek remained
within the favorable limits for Ae. aegypti survival (mini-
mums of 21°C in January and 20°C in December 2010).
Although these differences in winter temperature provide

a plausible explanation for the absence of Ae. aegypti from
the NT2 resettlement area, temperature alone cannot explain
the absence of this species from settlements in the traditional
downstream area that are more than 40 km from Thakhek,
but have a climate similar to that in Thakhek. Differences in
the availability of water storage jars as breeding sites may
also contribute to the limited distribution of Ae. aegypti. In
downstream settlements where Ae. aegypti was present, jars
were much more abundant than in the resettlement area, and
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risk factor analysis indicated that jars were a preferred
habitat for this species in Laos.
During the 1970s, studies in Singapore suggested that Ae.

aegypti will out competeAe. albopictus,24 but a greater body of
more recent literature demonstrates thatAe. albopictus is com-
petitively superior at the larval stage.25–28 The results of these
studies indicate that cohabitation of the same container habi-
tat occurs relatively rarely for these species in Laos because
only 26 containers were found with both species, However,
this number of dual infestations was still significantly higher
than that expected by chance alone. Dual infestation can
probably be attributed to similar preferences of the two spe-
cies for oviposition in jars and tires. The issue of interspecific
competition and shared preferences for oviposition sites
should be investigated further to determine to what extent
control of specific container types could reduce populations
of both species simultaneously.
Aedes aegypti has a limited flight range and most adults

disperse no more than 100 meters, although females some-
times fly further in search of oviposition sites.29–31 The lim-
ited dispersal of adults means that the spread of this species
to new areas is most likely to occur through the transporta-
tion of eggs, larvae, pupae, or adults alongside humans. It is
probable that this species has been introduced to the NT2
resettlement area on numerous occasions because of the high
degree of human movement between Thakhek and Nakai but
has not become established. Climate change and increasing
levels of urbanization in these villages may make the area
more suitable for this species in the future. Therefore, con-
tinued vigilance and monitoring of mosquito species compo-
sition is encouraged. This suggestion is particularly important
because low levels of past infection with DENV are reported
from the NT2 resettlement population.13 Therefore, this popu-
lation is highly susceptible to the introduction of any DENV.
Development of an Aedes vector control program in the NT2
resettlement area is strongly recommended toprevent the estab-
lishment ofAe. aegypti and to controlAe. albopictus, which is a
secondary vector ofDENV,32 as well as a vector of CHIKV.
Multivariable risk factor models for Ae. aegypti and Ae.

albopictus suggest that targeting specific types of water-holding
container would enable a more focused approach to vector con-
trol than attempting to eliminate all water-holding containers.
A multi-country study compared targeted with non-targeted
approaches to dengue vector control and found that both
approaches led to significant reductions in entomologic indices
(Breteau Index and Pupae Per Person Index) but targeted
approaches were in most instances more cost-effective than
non-targeted ones.33 ForAe. aegypti, draining jars of water once
a week would be an effective way to kill larvae and pupae
because the generation time from larva to adult takes two or
more weeks. Elimination of breeding in jars could reduce Ae.
aegypti pupal populations by approximately one-third, leading
to reducedadultpopulation sizeand riskofdisease transmission.
Coveringwater-holding containers shouldalso reduce the riskof
breeding by preventing female mosquitoes access to water in
which to oviposit. Vector control efforts for this species should
focus primarily in urban andwarm lowland areas of Laos.
For Ae. albopictus, elimination of waste tires should be a

priority for vector control. Old tires could be cut up so that
they cannot hold water or they could be stored in dry environ-
ments. As for Ae. aegypti, jars formed important breeding
sites for Ae. albopictus in this area and they should be fre-

quently drained of water to kill larvae and pupae. Metal
drums should also be targeted for control activities.
It has been reported that Ae. aegypti are more likely to ovi-

posit in containers already inhabited by larvae and pupae of
conspecifics,34 and the gains achieved through targeted control
of productive containers would be short-lived if females were
diverted to oviposit in alternative sites. The creation of an egg
sink, as proposed byWong and others,34 could resolve this prob-
lem through the addition of an insect growth regulator, such as
pyriproxyfen, to productive habitats.An insect growth regulator
kills mosquitoes late in their development. Thus, maintaining
the attractive properties of a site with conspecifics and pre-
venting the diversion of females to other sites that are not being
targeted for control.The results describedhere also indicate that
containers could be covered to prevent access by females seek-
ing an oviposition site.
Jars and drums held 7.4–29.6% of Ae. albopictus pupae in

the villages where these surveys took place. Therefore, tar-
geted control of this habitat type could contribute to large
reductions in Ae. albopictus populations in villages of this part
of Laos. The sampling of immature mosquitoes by using our
dipping method is likely to be less efficient in large water
containers than in smaller ones. Thus water storage jars and
200-liter drums are likely to be even more important as sources
of Ae. aegypti and Ae. albopictus than we estimate here.
Multivariable models show that containers that are in fre-

quent use for hygiene, cooking, and drinking purposes are less
likely to become breeding sites than long-term water-storage
containers. In a similar vein, containers that have been
discarded and are not in active use are much more likely to
be colonized byAe. albopictus than containers specifically used
to store water. Therefore, in addition to considering which
types of container should be targeted in control activities,
whether a container is in active use or not should be a factor
in deciding whether vector control is needed. Storing water
need not exacerbate the problems of mosquito breeding as
long as water is used frequently. As a result of the work
described in this report, local health authorities in areas
affected by the NT2 project are in a stronger position to make
predictions regarding areas at risk of DENV and CHIKV
transmission. This investigation identified Ae. albopictus in all
study villages. Thus, the potential for CHIKV transmission
exists throughout this region of Laos. The risk of DENV
transmission is greater in the urban center, Thakhek, and in
surrounding villages where Ae. aegypti was present.
Drums, jars, and tires have been recognized as primary

sources of Aedes mosquitoes elsewhere in Southeast
Asia,4,24,35,36 and community education programs run in collab-
oration with district health staff and village health volunteers
should promote the idea of a clean living environment, as well
as regular emptying ofwater storage containers and keeping dry
those containers that are not in use. Regular community clean-
up campaigns have been suggested as a way forward, although
there is still a lack of robust scientific evidence in support of
successful, sustainable community-based control.37 In Vietnam,
use of up to six locally occurring species of Mesocyclops to
control Aedes container breeding has been highly successful in
field trials,38–42 and this approach could be used in Laos to con-
trol breeding in large containers such as drums and rainwater
collection tanks, which are permanently wet.Other studies have
demonstrated some success using insecticide-treated curtains,
bed nets, and water container covers for dengue control.43–45

1076 HISCOX AND OTHERS



Pre-intervention feasibility and community acceptance studies
would be absolutely essential before proceeding with any
approach that requires a highdegree of community cooperation.
Concerns raised at the commencement of the NT2 project

regarding the potential for ingress ofAe. aegypti to the rapidly
developing resettlement area have as yet proven unfounded.
However, continued vigilance is essential. Monitoring of
Aedes species composition and container risk factors will con-
tinue in the NT2 resettlement area as the communities continue
to develop and reach a new equilibrium after resettlement.
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