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Abstract. We report the first hepatitis E infection case detected in a slaughterhouse worker. The identified strain
belonged to genotype 3, subtype 3f. Partial sequence analysis of the strain isolated from his serum showed a percentage
of nucleotide homology ranging from 83.4% up to 97.3% compared with European human and swine strains, respec-
tively. These findings point strongly to hepatitis E virus as a vocationally acquired illness by means of the manipulation
of infected organs from pigs.

INTRODUCTION

Hepatitis E virus (HEV) is a positive-sense, single-stranded
RNA virus without an envelope. This virus is classified in the
family Hepeviridae, genus Hepevirus, as the sole member.1

Based on the extensive genomic variability among HEV iso-
lates, HEV sequences have been classified into four geno-
types: genotype 1 is comprised of epidemic strains found in
Asian and African countries; genotype 2 has been described
in Mexico and several African countries; genotype 3 is widely
distributed and has been isolated from sporadic cases of acute
hepatitis E (HE) and in domestic pigs throughout the world,
except in Africa. Genotype 4 is made up of human and swine
strains found in Asia.2

HE has been traditionally thought to be enterically trans-
mitted. This epidemiologic pattern has been recorded in de-
veloping countries where epidemic outbreaks linked to con-
taminated drinking water have been reported. However, the
epidemiology of HE in industrialized countries may be chang-
ing. When it was first reported in developed countries, it was
related to travel to endemic areas.3 The rise in acute autoch-
thonous cases in developed regions with no history of travel-
ing to endemic regions4,5 has led HE to be thought as an
infection linked to an animal reservoir.6

The origin of sporadic forms in industrialized countries
might be caused mainly by the infection by swine HEV.7 The
high percentage of nucleotide homology between human and
swine strains from the same area supports this assumption. In
the same way, the low number of HE cases reported in in-
dustrialized countries might be because of the fact that swine
HEV strains would be less efficient for infecting humans be-
cause they are not as well adapted to humans as the epidemic
strains.

This paper describes the infection by HEV of a slaughter-
house worker with a previous history of chronic hepatopathy
and the genetic characterization of the strain isolated.

MATERIALS AND METHODS

A 62-year-old male, type 2 diabetic, slaughterhouse worker
was admitted to Ramon y Cajal Hospital (Madrid, Spain) with

severe jaundice and dark urine of 3-day evolution. In the
anamnesis, he reported asthenia, hypopexy, and general
weakness during the days previous to the onset of the symp-
toms. Alcohol consumption was 7 L of beer and 1.5 L of
cognac weekly during the last years. On physical examination,
the patient was deeply jaundiced and showed a marked right
upper and lower back quadrant tenderness. Abdominal com-
puted tomography (CT) scanning was indicative of chronic
hepatopathy. Biochemical parameters on admission were as
follows: aspartate aminotransferase, 4,320 U/L (reference
value < 19 U/L); alanine aminotransferase, 5,727 U/L (refer-
ence value < 23 U/L); total bilirubin, 10.4 mg/dL (reference
value < 1.3 mg/dL). Serologic markers for infection by hepa-
titis A (HVA; IgM anti-HAV), B (HBV; HBsAg and anti-
HBc), and C (HCV; anti-HCV) viruses (ASXYM; Abbott
Laboratories, North Chicago, IL) were negative. Polymerase
chain reaction (PCR) for HCV and HBV (Cobas Amplicor;
Roche Laboratories, Branchburg, NJ) was also negative.
Moreover, Cytomegalovirus, Epstein-Barr virus (ASXYM;
Abbott Laboratories and IFA; Oxoid, Hampshire, UK, re-
spectively) and Q fever infections (IFA; Biomerieux, Lyon,
France) tested negative.

Finally, immunoglobulin levels of anti-HEV IgM and IgG
were detected by a commercial ELISA (Bioelisa HEV IgG
and Bioelisa IgM; Biokit, Barcelona, Spain) and were con-
firmed by Western blot analysis (RecomBlot HEV IgG/IgM;
Mikrogen, Martinsried, Germany). In addition, HEV RNA
was amplified by reverse transcriptase (RT)-nested PCR8 in
two serum samples taken at the moment of admission to the
hospital and 3 days later, respectively. Stool samples were not
taken.

The patient recovered normal liver function uneventfully
within 45 days after his admission to the hospital. No further
serum samples were available for the tracking of HEV mark-
ers because he was sent to his general practitioner.

RESULTS

The partial sequence of the HEV strain isolated from this
patient was obtained and compared with other known human
and swine strains of HEV. Phylogenetic analysis of a 260-bp
fragment belonging to the ORF2 revealed that this HEV iso-
late showed a high percentage of homology (87.3–97.3%)
with some Spanish swine strains, followed by other Spanish
human HEV strains (91.5–96.9%). Compared with other hu-
man European strains, the closest homology of this strain was
observed with some British HEV strains (83.4–91.5% nucle-
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FIGURE 1. Phylogenetic tree based on nucleotide sequences of a 260-bp region within the ORF2 gene of HEV. 77HU is the case described
in this paper, and it is shown in bold. Bootstrap values were determined on 1,000 resamplings of the data sets. The sequence reported in this work
was compared with 63 selected sequences from the genotype 3 available in the GenBank database, including strains from human (�) and swine
(●) origin.
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otide identity). Regarding the comparison to other European
swine strains, the highest homology was recorded for Dutch
strains (87.3–97.3%), followed by British strains (84.2–
86.5%). Most of the nucleotide mutations were found to be
silent and did not result in significant differences at the amino
acid level. The HEV strain identified in this work showed a
100% amino acid sequence homology compared with other
swine and human HEV strains from genotype 3, subtype 3f. A
phylogenetic analysis of these sequences is shown in Figure 1.

The HEV sequence identified in this work was deposited in
the GenBank database with accession number EF523421.

DISCUSSION

This is the first report of HE infection in a slaughterhouse
worker. This patient had no history of traveling to endemic
areas, and he had not consumed raw meat or seafood. More-
over, he had not received any blood transfusion or had history
of intravenous drug use. The only risk factor he showed
seemed to be his occupation. In light of these epidemiologic
data, it is reasonable to think that the most probable route of
transmission could have been the fecal–oral route after ma-
nipulating HEV-infected organs from pigs in the slaughter-
house where he works.

In the literature, there is a case reported in United King-
dom about a butcher suffering from acute HE. This patient
spent much of his time butchering pork carcasses imported
from the European Community and the Far East. Moreover,
another worker from the same butchery was found to have
hepatitis antibodies.9

HE infection after consumption of poorly cooked or raw
swine liver has been reported.10 Additionally, cases of HE
infection by deer and wild boar meat ingestion have been
reported.11,12

Recent studies have reported that HE can be a zoonotic
illness,13 and the pigs represent the most probable reservoir
for human population. In Spain, 25.65% of HEV RNA-
positive pigs and 66.66% of HEV RNA-positive pig farms8,14

were found. The high HEV presence detected in this study
indicates that this virus is widespread among the swine popu-
lation in Spain. In this way, it has been observed that anti-
HEV IgG seroprevalence in pig handlers and in veterinarians
in contact with pigs is elevated in Spain (Galiana and others,
unpublished data). All these data support the potential of
HEV for spreading among the human population through
contact with contaminated organs, crops, or in personnel that
handle swine manure and spread this waste on agricultural
fields.

The sequence identified in this patient clustered into geno-
type 3, subtype 3f, following the classification by Lu and oth-
ers,15 and it was located close to swine Spanish strains (97.3%
homology). These data are similar to the data recorded in
other industrialized countries between human and swine
strains from the same area.6,16–18

Phylogenetic analysis showed that the HEV isolate identi-
fied in this study clustered in the same genotype with Spanish
swine and human HEV and two Dutch strains of swine HEV.
The importation of piglets from The Netherlands to Spain
seems to be the most probable cause of the close genetic
relationship observed between this strain and our patient’s
sequence. In Spain, the importation of live piglets is usual,

because there is not enough production of them to cover the
free vacancies in grower-to-finisher farms. Thus, Spain is the
third importer from Europe, and piglets are mainly bought
from The Netherlands.

A high seroprevalence in a healthy population without pre-
vious history of hepatitis in industrialized countries has been
reported.19 These data suggest that HEV infection is subclini-
cal in an undetermined proportion of the population. This
case agreed with the observations reported by other au-
thors20,21 who suggest that age and underlying disease may
make symptomatic presentation more likely. In the same way,
it has been reported that patients who suffer HEV superin-
fection of chronic hepatopathy normally show a poor prog-
nosis,22 although in this case, the patient recovered success-
fully.

In conclusion, HEV could constitute an important public
health problem, especially for swine workers (veterinarians,
butchers, slaughterhouse workers, pig handlers) who are at a
higher risk to be infected; therefore, HE should be considered
an occupational disease. Our findings suggest that HEV in-
fection in industrialized countries, like Spain, is an emerging
disease. HE diagnosis should be considered in any patient
who displays clinical symptoms of acute hepatitis and has
been in contact with pigs or its organs.
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Application of Mosquito Sampling Count and Geospatial Methods to Improve Dengue
Vector Surveillance

Chitti Chansang and Pattamaporn Kittayapong*
Center for Vectors and Vector-Borne Diseases and Department of Biology, Faculty of Science, Mahidol University,

Bangkok, Thailand

Abstract. Dengue hemorrhagic fever is a major public health problem in several countries around the world. Dengue
vector surveillance is an important methodology to determine when and where to take the control action. We used a
combination of the Global Positioning System (GPS)/Geographic Information System (GIS) technology and the im-
mature sampling count method to improve dengue vector surveillance. Both complete count and sampling count
methods were used simultaneously to collect immature dengue vectors in all houses and all containers in one village in
eastern Thailand to determine the efficiency of the sampling count technique. A hand-held GPS unit was used to record
the location of surveyed houses. Linear regression indicated a high correlation between total immature populations
resulting from the complete count and estimates from sampling count of immature stages. The immature survey data and
the GPS coordinates of house location were combined into GIS maps showing distribution of immature density and
clustering of immature stages and positive containers in the study area. This approach could be used to improve the
efficiency and accuracy of dengue vector surveillance for targeting vector control.

Dengue hemorrhagic fever (DHF) is a major public health
problem in Thailand1 and many tropical regions of the
world.2 Controlling the principal vector, Aedes aegypti (L.), is
the only known method to reduce disease incidence. In Asia
and the Americas, primary breeding sites of dengue vectors
are man-made containers in and around houses. In Thailand,
many types of containers such as water jars, ant traps, tires,
bath basins, and metal drums serve as Ae. aegypti breeding
sites.3 Surveying immature stages of Ae. aegypti is necessary
for control plans. Visual larval survey4 is a standard method
promoted for Ae. aegypti larval surveillance, but this ap-
proach does not provide an accurate estimate of the relation-
ship between Ae. aegypti larval and adult densities,5 and in-
dices from this survey and epidemic risk are hard to define.6

Other sampling approaches involve sampling immature Ae.
aegypti using a net in metal drums7 and other containers such
as tires.8 The premise condition index9 and pupae index ob-
tained from Ae. aegypti surveys have been found to be the
most accurate method for estimating dengue risk.10 The sur-
vey of Ae. aegypti immature stages from houses in villages has
been reported.11 The complete count method (total number
of larvae and pupae in a container) for estimating Ae. aegypti
immature stages by sampling 10 houses in each month in 1
year has been studied.12 However, thus far, there has been no
study to find the relationship between the complete count and
sampling count to evaluate the accuracy of immature sam-
pling.

Geographic Information Systems (GISs) were used for
studying Ae. aegypti vectors by creating a map of the study
areas13–15 and also for evaluation of a sampling count meth-
odology for rapid assessment of Ae. aegypti infestation lev-
els.16 These methods are likely to be used more and more in
Ae. aegypti control programs in the future.17 The main objec-
tive of our study was to improve the surveillance and control
of Ae. aegypti by combining the GIS technology and the im-
mature sampling methodology to create a spatial density dis-

tribution maps and to identify the clusters of immature stages
and the main breeding sources that should be the targets for
vector control. Therefore, in this study, we surveyed imma-
ture stages of Ae. aegypti in all houses and all containers in a
Thai village, and Global Positioning System (GPS) coordi-
nates of houses were recorded at the same time. GIS was used
to estimate the spatial distribution of Ae. aegypti immature
stages and evaluate the relationship between the complete
count and the sampling count methods.

MATERIALS AND METHODS

Study areas and data collection. Village 10 (13°38�18� N,
101°17�32� E) in Hua Samrong Subdistrict, Plaeng Yao Dis-
trict, Chachoengsao Province, Thailand, was selected as the
study area because there were high dengue infections from a
serologic survey of anti-dengue immunoglobulin IgM and IgG
in primary school children conducted by Kittayapong and
others (unpublished data) in September 2001. Village 10 is
located in a low-lying (∼10 m above the sea level) flat area
surrounded by rice fields. Housing in the village was not
crowded and was interspersed with small orchards and rice
fields. There were two basic types of dwellings made from
local materials: wood and a combination of wood and cement.
The dwellings were divided into four groups separated by rice
fields, irrigation canals, and small roads. Water for household
use came from subsurface wells, tap water, and rain water. In
addition, residents stored water in various types of containers
during the year. These containers included ones for human
and livestock drinking water.

A survey of Ae. aegypti immature stages was conducted in
Village 10. All containers in 151 houses were examined at the
beginning of the hot and dry season in March 2002. The num-
ber of containers with or without Aedes immature stages was
surveyed and recorded following standard WHO proce-
dures.4 The complete count and the sampling count methods
of Ae. aegypti immature stages were conducted following the
methods of Strickman and Kittayapong.11,12 For the sampling
count method, containers were sampled with a very fine
round mosquito dip net with the diameter of 24 cm by dipping
the net in the water, starting at the top of the container, and
continuing to the bottom in a swirling motion. For the com-
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plete count method, the containers with the remaining imma-
ture stages from the sampling count method were emptied,
and all larvae and pupae were collected with a strainer. The
total numbers of larvae and pupae from the complete count
method were calculated by adding the number of larvae and
pupae from the sampling count method in the containers. For
small containers, e.g., ant traps and small plastic containers,
an immature survey was conducted by the complete count
method. Only drinking water containers were carefully exam-
ined with a flashlight to count the number of larvae and pu-
pae. The numbers of containers, the number of positive con-
tainers, and the number of larvae and pupae from both meth-
ods were recorded. The linear regression was used for finding
the relationship between the two methods. The number of
immature stages from the complete count method was set as
the dependent variable, and the number of the immature
stages from the sampling count method was set as the inde-
pendent variable.

The geographic coordinates of each survey house were de-
termined by GPS observations made with a Leica GS5+
(Leica Geosystems, Torrance, CA), which had an accuracy of
±3 m. The GPS unit linked to the pocket PC iPAQH 3850
(Compaq Information Technologies Group, Palo Alto, CA);
ArcPad (ESRI, Redlands, CA) software was used to manipu-
late field data with maximum setting of the position dilution
of precision (PDOP) � 2, and the field data were recorded in
shape files that were transferred to a personal computer. Arc-
View software (ESRI) was used to create a GIS map and to
analyze the data obtained.

The density of immature stages in each house from both
methods was mapped using GIS. The degree of association
between the two methods was analyzed using Pearson corre-
lation.18 Getis and others15 reported an application of the
local spatial statistic Gi*(d) to find clustering of Ae. aegypti in
Peru. This statistic was used to test whether a particular lo-
cation i and its surrounding regions constitute a cluster of
higher values than average values of a variable (x) of inter-
est18 and is written as

Gi*�d� = ��jwij�d�xj − Wi*X��s��NS1i* − Wi*
2��

�N − 1��1�2�, all j

where s is the sample SD of the x values (larvae, pupae, and
positive containers), and wij(d) is equal to 1 if region j is
within a distance of d from region i and 0 otherwise. The sum
is calculated over all regions, including region i. Also, Wi* �
∑jwij(d) and S1i* � ∑jw

2
ij. The terms “location” and “region”

refer to the ith house and surrounding areas (at distance < d)
of the jth house. In this study, N � 151, and the local spatial
statistic Gi*(d) was used under ArcView’s Arctoolbox to
identify the houses that showed clustering of Ae. aegypti im-
mature stages and positive containers. The local spatial sta-
tistic Gi*(d) was performed by setting conceptualization of
spatial relationships � fixed distance band, distance method
� Euclidean distance, and distance band or threshold dis-
tance � 0, 10, 20, and 30 m. The coordinate system and datum
for GPS link with ArcPad, ArcView and the local spatial
statistic Gi*(d) were Universal Transverse Mercator and In-
dian 1975, respectively. The units of measure were in meters.
SPSS version 9.0 software package (SPSS, Chicago, IL) was
used for statistical analysis.

RESULTS

Surveys of Ae. aegypti immatures were conducted in all
houses in Village 10 (Figure 1). Ae. aegypti was the dominant
species (99.88%), and Ae. albopictus represented 0.12% of
the 2,374 pupae identified. The House Index (HI), Container
Index (CI), and Breteau Index (BI) in Village 10 were 84.77,
31.21, and 327.15, respectively. The containers for the survey
were classified into 12 types. For drinking water containers,
mainly standard water jars, there were only 1,692 larvae and
172 pupae in 361 containers that were directly counted by
flashlight. The prevalence of Aedes immature stages in each
container type resulting from the complete count method is
shown in Table 1. The main breeding sources were water jars
of various types, especially standard water jars, and cement
bath basins.

Linear regression was used to find the relationship between
the complete count and the sampling count methods. The
total numbers of 494 positive containers were surveyed by the
complete count, from which 269 containers were surveyed by
the sampling count method. The results are shown in Table 2.
There is a high correlation between these two methods. Lin-
ear regression is also used to find the relationship between the
complete count and the sampling count methods in each im-
portant container type for larvae and pupae. The results are
shown in Table 3.

The results from the complete count and the sampling
count method including the locations of surveyed houses by
GPS were entered into the GIS program to create a map to
study the density distribution of Ae. aegypti immature stages
between these two methods. The maps showing the number
of larvae and pupae in each house are shown in Figures 2 and
3, respectively. These maps show similar results between the
complete count and sampling count methods. Pearson corre-
lations between the two methods for larvae and pupae survey
were 0.95 (P < 0.001) and 0.94 (P < 0.001), respectively. The
map of the number of positive containers in each house is
shown in Figure 4. The houses that were members of signifi-
cant clustering of larvae are shown in Figure 2. From the
complete count method, three houses were members of sig-
nificant clustering of larvae within 10 m. From the sampling

FIGURE 1. Location of the study area in Village 10, Plaeng Yao
District, Chachoengsao Province, Thailand.
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count method, five houses were members of significant clus-
tering of larvae within 10 m and one within 20 m. The houses
that were members of significant clustering of pupae are
shown in Figure 3. From both methods, six houses are mem-
bers of significant clustering of pupae, three houses within 10
m, and three houses within 20 m. The houses that were mem-
bers of significant clustering of positive containers are shown
in Figure 4. Three houses showed significant clustering of
positive containers within 10 m.

DISCUSSION

From the complete count methods, the immature number
of Ae. aegypti, especially pupae, in each container type indi-
cated that the main breeding sources were standard water jars
and cement bath basins, which accounted for 70.51% of total
pupae in the study sites. Nearly the same results were ob-
tained from the study of Strickman and Kittayapong.12 From
this study, 72% of the breeding sources were standard and
small water jars. Control of immature mosquitoes in these
containers should have an impact on > 70% of pupae of Ae.
aegypti in the village.

In Trinidad, Focks and Chadee10 showed that adult density
could be estimated from pupae that were able to be counted
in the containers. In Thailand, it was quite difficult to count
all the number of pupae in all containers because there were
many types of containers and a high number of immature
stages. Kittayapong and Strickman3 reported that there were
10 types of breeding sources, whereas this study had 12 types
of breeding sources. In a more practical approach, the sam-
pling count method should be used. The surveyed data were
analyzed using linear regression to find the relationship be-
tween the two methods. Some positive containers that were
surveyed by the complete count method had low water levels.
These containers could not be surveyed by the sampling count

method using the mosquito dip net. Therefore, the positive
container numbers for the sampling count method in Table 3
were less than those for the complete count in Table 1. Re-
sults showed that the sampling count method was highly cor-
related with the complete count method in both the numbers
of larvae and pupae. However, it is proposed to take into
account the small container that can be more important in
other areas and for which only the complete count method
can be applied. Our study supported the idea that the sam-
pling count method could be used to accurately estimate the
density of immature stages of Ae. aegypti.

The GIS/GPS technology together with Ae. aegypti imma-
ture surveys at a village scale were used to create the GIS map
and clustering of immatures that could be used for targeting
control efforts to be more efficient and more cost effective.
GIS and the local spatial statistic Gi*(d) were applied to study
the density distribution of Ae. aegypti. Our result showed that
this approach had a good potential for future use in the sur-
veillance and control of Ae. aegypti. Maps of the density dis-
tribution of immature stages from the two survey methods
were created for visual comparison. Results from both meth-
ods showed significant Pearson correlation, and the GIS maps
created were quite similar. Both methods could characterize
the densities distribution of Ae. aegypti mosquitoes in the
village. Clustering of Ae. aegypti immature stages and positive
containers in our study indicated that both surveillance meth-
ods yielded similar results, except that the sampling count
method showed higher degree of clustering of larvae than the
complete count method. Clustering of larvae, pupae, and
positive containers was detected within the same house up to
20 m. One house showed clustering of larvae and pupae and
one house showed clustering of larvae and positive contain-
ers. The groups of houses that had high Aedes densities could
be characterized and be the target for prioritizing activities of
the vector control plan. The Gi*(d) statistic is in part biased

TABLE 2
Regression models for estimating total larvae and pupae from larvae sampling and pupae sampling

Type Range of x Equation R2 F P

Larvae sampling (x) 1–60 Total larvae (y) � −0.73 + 1.83x 0.63 126.73 < 0.001
62–111 Total larvae (y) � 48.1 + 1.29x 0.81 315.18 < 0.001

Pupae sampling (x) 1–4 Total pupae (y) � 0.54 + 1.71x 0.33 39.38 < 0.001
5–92 Total pupae (y) � 1.82 + 1.44x 0.83 351.54 < 0.001

TABLE 1
Prevalence of Aedes immature stages in each container types from the complete count method

Container type Total

Positive container Immature stage

Total
With

larvae
With

pupae
Number
of larvae

Number
of pupae

Standard water jar (∼200 L) 760 251 134 12,556 1,069 13,625
Small water jar (∼100 L) 136 62 38 2,797 225 3,022
Large water jar < 1.5 m (∼400 L) 146 23 10 1,036 20 1,056
Large water jar > 1.5 m (∼1000 L) 190 0 0 0 0 0
Tire 18 5 2 291 46 337
Metal drum (∼200 L) 2 1 0 37 0 37
Ant trap (∼0.5 L) 20 11 9 390 38 428
Large cement bathroom basin (1,000–2,000 L) 107 54 24 4,078 307 4,385
Small cement bathroom basin (50–100 L) 79 44 30 2,913 298 3,211
Misc. cement 36 7 4 834 169 1,003
Small plastic container 17 8 6 384 38 422
Misc. not cement 72 28 18 1,149 164 1,313
Total 1,583 494 275 26,465 2,374 28,839
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TABLE 3
Regression models for estimating total larvae and pupae from larvae sampling and pupae sampling for various container types

Container type Stage Equation r2 F P

Standard water jar (n � 165) Larvae y � 13.5 + 1.65x 0.85 964.89 < 0.001
Pupae y � 0.60 + 1.97x 0.85 950.69 < 0.001

Small water jar (n � 33) Larvae y � 4.85 + 1.76x 0.89 267.60 < 0.001
Pupae y � 2.05 + 1.74x 0.56 42.05 < 0.001

Large water jar < 1.5 m (n � 14) Larvae y � 9.44 + 1.50x 0.88 95.79 < 0.001
Pupae y � 0.41 + 0.91x 0.69 30.41 < 0.001

Large cement bath basin (n � 24) Larvae y � 19.3 + 1.46x 0.94 374.05 < 0.001
Pupae y � 0.10 + 1.46x 0.96 480.01 < 0.001

Small cement bath basin (n � 33) Larvae y � 32.3 + 1.27x 0.53 36.83 < 0.001
Pupae y � 4.88 + 1.24x 0.25 11.83 < 0.001

FIGURE 2. Maps of the number of larvae and the clustering of larvae based on the number of larvae in each house. A, From the complete
count. B, From the sampling count method.



by the heterogeneous density of houses in the four areas. Our
results indicate spatial clustering of Ae. aegypti immature
stages and positive containers, which were different from the
study in Peru where no clustering of larvae or pupae was
found beyond individual households and only limited cluster-
ing of adult Ae. aegypti occurred.15 The GIS maps of the
density distribution and Pearson correlation support the use
of sampling count method for Ae. aegypti survey, which could
give nearly the same information as that from the complete
count.

The visual larval survey method was commonly used for

Ae. aegypti survey. The number of containers with or without
Ae. aegypti immature stages in houses was recorded, and the
indices such as HI, CI, and BI were calculated to show Aedes
indices in the study area. From this study, GIS/GPS could be
used to analyze and show Ae. aegypti immature stages and
positive containers in the houses. Our result showed that
there were variations in Ae. aegypti density from house to
house. Individual houses and a group of houses that had high
Ae. aegypti density could be characterized. Therefore, indi-
vidual households were an appropriate spatial unit for ento-
mologic surveys.15 In addition, maps resulting from GIS and

FIGURE 3. Maps of the number of pupae and the clustering of pupae based on the number of pupae in each house. A, From the complete
count. B, From the sampling count method.
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the local spatial statistic Gi*(d) could be used for developing
an effective Aedes control plan by monitoring and controlling
Ae. aegypti in the targeted groups of houses with clustering of
immature stages and positive containers.
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FIGURE 4. Map of number of positive containers and the clustering of positive containers based on the number of positive container in each
house.

CHANSANG AND KITTAYAPONG902




