
Pupal Survey of Dengue Mosquitoes

Vol  43  No. 6  November  2012 1365

Correspondence: Frances E Edillo, Department 
of Biology, University of  San Carlos - Talamban 
Campus, 6000 Cebu City, Philippines.
Tel: (63-32)2300-100 x 134
E-mail: aegyptifra@hotmail.com

THE KEY BREEDING SITES BY PUPAL SURVEY FOR 
DENGUE MOSQUITO VECTORS, AEDES AEGYPTI 

(LINNAEUS) AND AEDES ALBOPICTUS (SKUSE), IN 
GUBA, CEBU CITY, PHILIPPINES 

Frances E Edillo, Noel D Roble and Nenito D Otero II

Department of Biology, University of San Carlos – Talamban Campus, Cebu City, 
Philippines

Abstract. We conducted this study to assess how well a pupal survey of dengue 
mosquito vectors, Aedes aegypti and Aedes albopictus, is able to target the most 
productive breeding sites. The study was carried out monthly during the rainy 
season (8 months) in 2008 in Guba, Cebu City, Philippines. The hypotheses tested 
were: 1) most pupae of Ae. aegypti or Ae. albopictus were produced in a few types 
of breeding sites and 2) the most productive types of breeding sites for each spe-
cies were the most abundant. Approximately 2,500 pupae were collected from 
554 breeding sites in 279 houses. Thirty-eight point four percent of ten types of 
breeding sites were positive for Ae. aegypti, and 11.9% of nine types of sites were 
positive for Ae. albopictus. Plastic drums (40.2%), metal drums (29.6%), and plas-
tic containers (10.5%) were the key sites for Ae. aegypti pupae, whereas bamboo 
stumps (28.5%), plastic drums (21.1%), and rubber tires (19.1%) were the key 
sites for Ae. albopictus.  The most productive breeding sites for Ae. aegypti were 
common but not the most common for Ae. albopictus. These results are relevant 
for dengue vector control programs. 
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INTRODUCTION

The elimination of the most produc-
tive breeding sites for the primary dengue 
mosquito vector, Aedes aegypti (Linnaeus), 
has been broadly adopted worldwide to 
keep vector population density below a 
critical threshold (Focks, 2003; Barrera et al, 
2006; Seng et al, 2009; Tun-Lin et al, 2009; 
de Freitas and de Oliveira, 2011), however, 

pupal surveys of the secondary dengue 
vector, Aedes albopictus (Skuse), have, to 
our knowledge, not been reported. Since 
the pupae of dengue vectors emerge to be-
come adults, controlling the key breeding 
sites that produce the most pupae could 
have the greatest impact on the adult 
population (Lenhart et al, 2006). Observa-
tions from several urban areas suggested 
most pupae of Ae. aegypti reproduce in 
only a few types of containers (Focks and 
Chadee, 1997). Pending an effective and 
affordable vaccine, dengue prevention 
methods rely on control of these mosquito 
vectors to reduce transmission (Bangs 
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et al, 2007). The pupal survey technique 
generates an estimate of pupal density of 
vectors as a proxy for the number of adults 
(Barrera et al, 2006). The main thrust for 
prevention should be the control of breed-
ing sites of these vectors by eliminating 
or treating the most productive ones to 
reduce mosquito density below a target 
threshold. Further surveillance will only 
require assessing the abundance of each 
type of breeding sites; counting pupae 
will not be needed each time in the same 
area surveyed.

Pupal surveys measuring Ae. aegypti 
productivity have not been conducted 
in the Philippines and surveys of  Ae. 
albopictus have not been conducted in 
many countries.  Only a few studies of 
dengue vectors and their control have 
been conducted in Cebu City (Schoenig, 
1971, 1977, 1978; Edillo et al, 1995, 1996; 
Tomayao, 2000; Mahilum et al, 2005). 
Cebu City has the highest incidence of 
dengue and case fatality rate among 
the municipalities and cities in Cebu 
Province (Edillo et al, 2009). Identifying 
the epidemiologically important breed-
ing sites of Ae. aegypti had been done in 
Brazil (De Freitas and De Oliveira, 2011), 
Cambodia (Seng et al, 2009), Colombia 
(Romero-Vivas et al, 2006), Cuba (Bisset 
et al, 2006), Mexico (Arredondo-Jimenez 
and Valdez-Delgado, 2006), Puerto Rico 
(Barrera et al, 2006), Trinidad (Focks and 
Chadee, 1997) and Venezuela (Lenhart  
et al, 2006), to mention a few. These studies 
reveal the different types of containers 
for Ae. aegypti to oviposit. Pupal surveys 
of Ae. aegypti are based on the assump-
tion that pupal mosquitoes (pupae per 
person per unit of time) is a better proxy 
for the number of adult mosquitoes than 
traditional indices (house, container and 
Breteau) or larval counts (Focks 2003). In 
short, pupal surveys are more appropriate 

for assessing risk and directing dengue 
control programs because traditional 
larval indices correspond poorly with the 
actual number of pupae per person (Focks 
and Chadee, 1997).  

This consideration caused us to ex-
plore the hypotheses: 1) most pupae of 
Ae. aegypti or Ae. albopictus produce in 
a few types of breeding sites, and 2) the 
most productive of those breeding sites 
are found abundantly in Guba, Cebu 
City, Philippines. Our intent is to obtain 
information for vector control programs 
which will focus on eliminating or treating 
the key breeding sites for dengue vectors 
to reduce their density below a target 
threshold and prevent dengue outbreaks. 

MATERIALS AND METHODS

Study site
  Our study was conducted in Guba, 

Cebu City, Philippines represented by 
seven localities (sitios) (Fig 1). These lo-
calities were: Agnawe, Balisong, Bangkal, 
Guba Proper, Kabulihan, Kambilog, and 
Katives 1 (Table 1). Guba is a rural moun-
tainous area (350-496 m elevation) located 
approximately 15 km from Cebu City 
proper. Vegetation is mainly agricultural 
and dry forest. Population data from our 
study site were obtained from the Guba 
Health Center. We surveyed 279 houses. 
The water supply for Guba is a combina-
tion of: 1) artesian wells, 2) water supply 
developed from a reservoir which comes 
from a spring and 3) a commercial source. 
Water from the Metropolitan Cebu Water 
District (MCWD), the official supplier of 
piped water in Metropolitan Cebu, does 
not reach there.
Mosquito survey 

Artificial and natural breeding sites 
for Ae. aegypti and Ae. albopictus in the 
houses of the residents of Guba were in-
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Fig 1–Map of Guba, Cebu City, Philippines showing seven 
localities (or sitios).

spected monthly for pupae and older lar-
vae (third and fourth instar larvae) during 
the 2008 rainy season  (January-February, 
and July-December). Pupae and larvae 
collection occurred between 10:00 am and 
5:00 pm. The numbers of pupae and larvae 
and the type, use and material of artificial 
containers (plastic, metal, porcelain, glass, 
cement, clay, rubber, plant material) for 
each breeding site was recorded. 

whether the numbers of Ae. aegypti or Ae. 
albopictus differed.

RESULTS

We collected approximately 2,500 
pupae and 5,500 larvae from 554 con-
tainers in 279 houses during the survey 
(January-February and June-December, 
2008) in Guba, Cebu City, Philippines. 

Laboratory evaluation
The pupae and larvae 

were collected and placed in 
bottles and transported to the 
laboratory where they were 
reared until adult emergence. 
The adults were killed in a 
covered Petri dish contain-
ing cotton soaked in ethyl 
acetate. The adult mosqui-
toes were then mounted and 
examined under a stereo 
microscope for species iden-
tification following Belkin 
(1962) and Basio (1971).
Statistical analyses  

Statistical analyses were 
performed using SPSS (ver-
sion 15) statistical software 
(SPSS, Chicago, IL). The null 
hypotheses that the numbers 
of Ae. aegypti and Ae. albopic-
tus pupae did not differ by 
the type of breeding site and 
among the seven localities 
in Guba were tested using 
analysis of variance (ANO-
VA). A Spearman correlation 
between the rank orders 
of the number of types of 
breeding sites and the num-
ber of pupae per species was 
used. A two-tailed Student’s 
t-test was used to determine 
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Localities (Sitios)     	  Coordinates     	 Elevation (m)	 Population	 Type of water 
				    supply 

Agnawe	 10o 25.46’N 123 o 54.200’E	 350-376	 664	 a=103, b=42, c=92
Balisong	 10o 25.348’N 123 o 53.127’E	 475	 484	 a=17, b=71, c=27
Bangkal	 10o 25.921’N 123 o 53.319’E	 432	 454	 b=63, c=25
Guba Proper	 10o 25.713’N 123 o 53.324’E	 427	 739	 a=51, b=81, c=40
Kabulihan	 10o 25.889’N 123 o 52.867’E	 417	 605	 b=90, c=39
Kambilog	 10o 25.522’N 123 o 52.353’E	 496	 261	 b=43, c=14
Katives 1	 10o 26.065’N 123 o 53.286’E	 400	 676	 a=57, b=81, c=5

Table 1
Coordinates, elevation, 2008 population and type of water supply (a=deep well,  

b=faucet, c=commercial or purchase of mineral water) for household use at the study 
localities (sitios) in Guba, Cebu City, Philippines.

There were more Ae. aegypti (959=38.4%) 
than Ae. albopictus (298= 11.9%) collected 
(p<0.05). Other mosquito species collected 
were Ae. poicilius Theobald (0.2%), Aedes 
sp (0.2%), Armigeres sp (12%), Culex quin-
quefasciatus Say (10.0 %), Culex sp (2.0%), 
Toxorhynchites sp (0.6%), and Uranotaenia 
sp (0.4%). 
Aedes aegypti pupae by type of breed-
ing sites

 A total of 554 breeding sites for Aedes 
mosquitoes were found in Guba during 
the 2008 rainy season. We classified the 
containers into three types of natural 
breeding sites and seven artificial ones 
(Fig 2). The natural breeding sites were: 
1) plant parts such as leaf axils of banana 
plants (Musa sp), taro plants [Colocasia 
esculenta (Linnaeus) Schott and Endl], 
bromeliads (Bromeliaceae) and banana 
plant stumps, 2) discarded coconut shells 
(Cocos nucifera Linnaeus) and 3) bamboo 
(Bambusa sp, Poaceae) stumps or fences. 
The artificial breeding sites were: 1) ce-
ment water tanks, 2) discarded containers 
(bottles, cans, broken glasses, cooking 
pots, clay jars), 3) metal drums, 4) plastic 
drums, 5) small plastic containers (basins 

and buckets or pails), 6) rubber tanks and 
7) discarded rubber tires. Thirty-eight 
point four percent of these ten types of 
breeding sites were positive for Ae. aegypti 
pupae (Fig 3). Average container index in 
Guba was 38.2%, and the Breteau Index 
was 82.2% indicating a high risk for den-
gue transmission. 	

The null hypothesis stating Ae. aegypti 
pupae did not differ by type of breed-
ing sites was rejected (F=15.128, df=9, 
p<0.05). The two most productive breed-
ing sites for Ae. aegypti found consistently 
throughout the rainy season were plastic 
drums (40.2%) and metal drums (29.6%). 
Ten point five percent of plastic contain-
ers yielded Ae. aegypti during the rainy 
months except for January and February, 
2008. Seven point nine percent of discard-
ed rubber tires yielded Ae. aegypti during 
the rainy season except for October and 
November 2008. A Spearman correlation 
between the rank orders of the number of 
breeding sites and the number of Ae. ae-
gypti pupae was significant (n=10, r=0.745, 
p<0.05) suggesting the most productive 
containers were abundant and common 
in Guba. Three types of natural breeding 
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Fig 2–Types of breeding sites of Aedes mosquitoes in Guba, Cebu 
City, Philippines in January-February and June-December 
2008.

Fig 3–Monthly distribution of Aedes aegypti pupae among ten 
types of breeding sites in Guba, Cebu City, Philippines in 
January-February and June-December 2008.

sites had only few Ae. aegypti pupae: dis-
carded coconut shells (0.1%), plant parts 
(0.9%) and bamboo stumps (1.9%).

Guba proper had the highest percent 
of Ae. aegypti (31.7%) found in plastic 
drums (13.4%), plastic containers (8.2%) 
and metal drums (6.5%) (Fig 4). Kambilog 
ranked next with 22.5% of containers hav-
ing Ae. aegypti, followed by Kabulihan 
(13.1%). Metal drums were the most com-
mon container with Ae. aegypti. Katives 1 

not significant (n=10, r=0.641, p=0.059) 
suggesting the most productive breeding 
sites were not the most common in Guba. 
The least productive breeding sites were 
cement water tanks (1.3%), plant parts and 
discarded containers (2.0% each).    

Among the surveyed localities in 
Guba, Balisong had the highest number 
of containers positive for Ae. albopictus 
(50.7%), where bamboo stumps (21.3%), 
discarded coconut shells and rubber tires 

had the lowest percent of 
Ae. aegypti (1.1%). 
Aedes albopictus pupae by 
type of breeding sites

Seventy-nine of 554 
breeding sites (11.8%) 
were positive for Ae. albop-
ictus pupae in Guba dur-
ing 2008 rainy season. Ae. 
albopictus bred in similar 
types of breeding sites as 
those of Ae. aegypti except 
for rubber tanks (Fig 5). 
The null hypothesis that 
Ae. albopictus pupae did 
not significantly differ by 
breeding site was accept-
ed (F=1.676, df=9, p>0.05). 
The top three breeding 
sites for Ae. albopictus were 
bamboo stumps (28.5%), 
plastic barrels (21.1%) 
and discarded rubber 
tires (19.1%). Eleven point 
eight percent of discarded 
coconut shells yielded Ae. 
albopictus as did 9.4% of 
metal drums. A Spearman 
correlation between the 
rank orders on the num-
ber of types of breeding 
sites and the number of 
Ae. albopictus pupae was 

Jan
Feb
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Jun
Jul
Aug
Sep
Oct
Nov
Dec



Southeast Asian J Trop Med Public Health

1370 Vol  43  No. 6  November  2012

N
um

be
r o

f A
ed

es
 a

eg
yp

ti 
pu

pa
e

Types of breeding sites per locality in Guba, Cebu City, Philippines

Fig 4–Distribution of Aedes aegypti pupae among ten types of breed-
ing sites in seven localities (sitios) surveyed in Guba, Cebu 
City, Philippines during the rainy season of  2008.
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Fig 5–Monthly distribution of Aedes albopictus pupae among nine 
types of breeding sites in Guba, Cebu City, Philippines during 
January-February and June-	December 2008.

albopictus pupae (3.4%).   
Overall,  there was 

a significant difference 
(F=6.963, df=1, p<0.05) in 
the number of Ae. aegypti 
and Ae. albopictus among 
the seven localities sur-
veyed in Guba. There was 
no association between 
these localities and dengue 
mosquito species (F=1.594, 
df=6, p>0.05).
Temporal distribution of 
Aedes aegypti and Aedes 
albopictus

The monthly number 
of Ae. aegypti pupae dur-
ing the 2008 rainy season 
did not differ (F=0.871, 
df=8, p=0.545). Fig 3 shows 
this species was found 
regularly, particularly in 
metal and plastic drums 
throughout the eight sur-
vey months. However, the 
number of Ae. albopictus 
pupae did differ by month 
(F=3.374, df=8, p<0.05) 
with July 2008 having the 
highest number (Fig 5).

DISCUSSION

Guba was a dengue 
hotspot in Cebu City, Phil-
ippines in 2007 when this 
study was conceived (Na-
pallacan, 2007), which 

(11.8%) were the most productive breed-
ing sites (Fig 6). Kambilog ranked second 
in Ae. albopictus (12.5%), followed by 
Guba proper (10.5%). Plastic drums were 
the most common type of breeding sites. 
Katives 1 had the lowest number of Ae. 

prompted an intervention strategy to 
suppress the dengue mosquito vectors, 
Ae. aegypti and Ae. albopictus. We hypoth-
esized that most pupae of Ae. aegypti, the 
primary dengue vector, reproduced in 
only a few types of breeding sites; this was 
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as discarded rubber tires, 7.9% of which 
had Ae. aegypti and discarded artificial 
containers (2.4%). Discarded rubber tires 
made up the largest category of Ae. ae-
gypti infested containers along the Texas-
Mexican border (Ramos et al, 2008) and in 
Puerto Rico (Barrera et al, 2006).           

We explored whether the most pro-
ductive breeding sites for Ae. aegypti were 
the most abundant breeding sites because 
it is more practical to target to eliminate 
the most common type of breeding sites 
in Guba. This hypothesis was supported 
by the data. The most productive breeding 
sites for Ae. aegypti were plastic and metal 
drums and plastic containers, mainly used 
for water storage. 

We extended the above hypothesis 
to Ae. albopictus, the second most com-
mon dengue vector. The hypothesis that 
most pupae of Ae. albopictus are found 
in a few types of breeding sites in Guba 
was not supported by the data. The top 
four sites for Ae. albopictus pupae were 
bamboo stumps, plastic drums, dis-
carded rubber tires and coconut shells, 

Types of breeding sites per locality in Guba, Cebu City, Philippines
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Fig 6–Distribution of Aedes albopictus pupae among nine types of 
breeding sites at seven localities (sitios) surveyed in Guba, Cebu 
City, Philippines during the rainy season of 2008.

supported by the data.  Storing rainwater 
in 1,000-liter plastic and metal drums 
and plastic containers is obligatory in 
mountainous Guba because only 54.9% of 
householders use the local water supply 
from a reservoir distributed by a hose sys-
tem (Table 1). The official supply of piped 
water system in Cebu City (MCWD) does 
not reach there. Sixty-nine point eight per-
cent of plastic and metal drums contained 
mosquito pupae, whereas 10.5% of plastic 
containers contained pupae. These serve 
as the top three reproduction areas for Ae. 
aegypti pupae (80.3%) in Guba (Fig 3). In a 
similar study (Romero-Vivas et al, 2006), 
despite a reasonably reliable supply of 
piped water in Colombia, 75% of large 
storage containers for domestic water, 
such as cement ground tanks, plastic and 
metal drums were positive for Ae. aegypti 
pupae during the wet season, and 80.4% 
during the dry season. In Malindi Dis-
trict, Kenya (Midega et al, 2006), 70% of 
metal drums contained Ae. aegypti pupae 
indoors during the rainy season and 84% 
of outdoor plastic drums contained lar-

vae during the dry sea-
son. In Venezuela, large 
water drums contained 
the greatest number of 
pupae all year round 
(Lenhart et al, 2006). In 
Brazil (de-Freitas and de-
Oliveira 2011; Pilger et al, 
2011) and Cuba (Bisset 
et al, 2006), water tanks 
were the most produc-
tive breeding sites for Ae. 
aegypti.

The lack of an ad-
equate solid waste man-
agement system in Guba, 
Cebu City also creates 
numerous small artifi-
cial breeding sites, such 
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in that order. In other studies (Sucharit 
et al, 1978; Chen et al, 2006), Ae. albopictus 
preferred to oviposit in natural breeding 
sites, whereas Ae. aegypti bred in artificial 
containers.

The hypothesis that the most pro-
ductive breeding sites for Ae. albopictus 
corresponded with the most abundant 
breeding sites was not supported by the 
data, suggesting some commonly found 
breeding sites had few Ae. albopictus 
pupae and a few uncommonly found 
breeding sites had large numbers of pu-
pae. Bamboo stumps comprised 10.3% of 
the total breeding sites (Fig 2) but 28.5% 
had Ae. albopictus (Fig 5), whereas plastic 
drums comprised 32.0% of breeding sites 
yet only 21.1% had Ae. albopictus. Discard-
ed coconut shells comprised only 1.5% of 
containers but 11.8% had Ae. albopictus 
pupae. Thus, a reduction in Ae. albopictus 
pupae by 60-80% would require control-
ling the most abundant containers (ie, 
plastic drums) but this involves a larger 
number of plastic drums. Proper disposal 
of bamboo stumps, coconut shells and 
used rubber tires could reduce Ae. albop-
ictus by up to 59.1%.

Katives 1 had the fewest Ae. aegypti 
and Ae. albopictus of the seven localities 
in Guba, primarily because there were 
few breeding sites there; namely, cement 
water tanks near a barn where cows drank 
water and, metal and plastic drums (Figs 
4 and 6).  Katives 1 is located at a lower 
elevation, most households used faucets 
connected to a hose from a nearby spring, 
or wells for their water supply (Table 1), 
minimizing the use of artificial containers 
for water storage. 

While conducting the study we 
explained to residents in Guba the im-
portance of covering their water storage 
containers to prevent reproduction of Ae. 

aegypti and Ae. albopictus. This improved 
awareness among residents, which might 
had contributed to the reduced dengue 
incidence rate in 2008 compared to 2007 
(0.5 cases per 1,000 population in 2008 
versus 5.7 cases per 1,000 population 
in 2007) (DOH-RESU 7, 2010). We rec-
ommend piped water should reach to 
higher elevated areas to reduce the risk 
for dengue vectors. Potable water must 
be delivered in sufficient quantities and 
quality to reduce the use of water storage 
containers that serve as larval habitats for 
dengue mosquitoes (WHO, 2012).

This study supports the recommenda-
tions of the National Dengue Prevention 
and Control Programs in the Philippines 
(DOH, Republic of the Philippines, 2011): 
1) integrated vector control, 2) early case 
detection and management, 3) surveil-
lance, 4) health education to multiple sec-
tors, and 5) implementation of the 4S Kon-
tra (Filipino word which means against) 
dengue and the “4 o’clock habit”. The 4S 
Kontra dengue includes: 1) search and 
destroy mosquito breeding sites, 2) self-
protection measures, 3) seek early treat-
ment, and 4) say “no” to indiscriminate 
fogging. The “4 o’clock habit” involves 
cleaning of surroundings and draining 
water containers to prevent spread of 
mosquitoes.

In conclusion, this pupal survey 
found the most productive breeding sites 
for Ae. aegypti and Ae. albopictus in order 
to reduce dengue mosquito populations 
in Guba, Cebu City, Philippines. This is 
relevant for both the National Dengue 
Prevention and Control Program and 
the Special Program for Research and 
Training in Tropical Diseases of the WHO 
(Focks, 2003). This can serve as a model 
for dengue prevention in the Philippines 
and in other countries as well.



Pupal Survey of Dengue Mosquitoes

Vol  43  No. 6  November  2012 1373

ACKNOWLEDGEMENTS

We thank RD Argenal for statistical 
help, DC Inoc and G Mergal for helping 
with mosquito collection. This research 
was supported by the University of San 
Carlos Research Office (# 20120723), Cebu 
City, Philippines.

REFERENCES

Arrendondo-Jimenez JI, Valdez-Delgado KM. 
Aedes aegypti pupal/demographic surveys 
in southern Mexico: consistency and prac-
ticality. Ann Trop Med Parasitol 2006; 100 
(suppl 1): S17-32.

Bangs MJ, Pudiantari R, Gionar YR. Persistence 
of dengue virus RNA in dried Aedes aegypti 
(Diptera: Culicidae) exposed to natural 
tropical conditions. J Med Entomol 2007; 
44: 163-7.

Barrera R, Amador M, Clark GG. Use of the pu-
pal survey technique for measuring Aedes 
aegypti (Diptera: Culicidae) productivity 
in Puerto Rico. Am J Trop Med Hyg 2006; 
74: 290-302.

Basio RG. The mosquito fauna of the Philip-
pines (Diptera: Culicidae). Monographs of 
the National Museum of the Philippines. 
Manila: National Museum, 1971; 4: 1-198.

Belkin JN. The mosquitoes of the South Pacific 
(Diptera: Culicidae). 2 vols. Berkeley: Uni-
versity of California Press, 1962.

Bisset JA, Marquetti MC, Suarez S, Rodriguez 
MM, Padmanabha H. Application of the 
pupal/demographic-survey methodol-
ogy in an area of Havana, Cuba, with low 
densities of Aedes aegypti (L.). Ann Trop Med 
Parasitol 2006; 100 (suppl 1): S45-51.

Chen CD, Seleena B, Naznur WA, et al. Dengue 
vectors surveillance in endemic areas in 
Kuala Lumpur City Center and Selangor 
State, Malaysia. Dengue Bull 2006; 30: 
197-203.

De Freitas M, de Oliveira LR. Does targeting 
key-containers effectively reduce Aedes 
aegypti population density? Trop Med Int 

Health 2011; 16: 965-73.
Department of Health Regional Epidemiologi-

cal and Surveillance Unit Region 7 (DOH-
RESU 7) Office. Dengue surveillance re-
port 2010. Cebu City: DOH-RESU 7, 2010.  

Department of Health, Republic of the Philip-
pines. Manila: DOH, 2011. [Cited 2011 May 
15]. Available from: URL: http://www.doh.
gov.ph/programs/dengue.html

Edillo FE, Largo G Jr, Plateros CG. Screening 
for Aedes mosquito larvicidal activity of 
two local plant extracts. Philipp Scientist 
1996; 33: 104-15.

Edillo FE, Plateros CG, de los Santos I. A survey 
of Aedes mosquitoes in Cebu City North 
District (Diptera: Culicidae). Philipp Sci-
entist 1995; 32: 46-65.

Edillo FE,  Otero ND II, Roble ND, et al,  Dengue 
in Cebu Province for a decade and pupal 
productivity of dengue  mosquito vectors 
(Diptera: Culicidae) in a rural area in Cebu, 
Philippines. [Abstract]. Washington, DC: 
58th Annual Meeting, 2009. Am J Trop Med 
Hyg 2009; 81: 232. 

Focks DA. A Review of entomological sam-
pling methods and indicators for dengue 
vectors. Special Program for Research 
and Training in Tropical Diseases. Ge-
neva: UNICEF, UNDP, World Bank, World 
Health Organization, 2003.

Focks DA, Chadee DD. Pupal survey: an 
epidemiologically significant surveillance 
method for Aedes aegypti: an example us-
ing data from Trinidad. Am J Trop Med Hyg 
1997; 56: 159-67.

Lenhart AE, Castillo CE, Oviedo M, Villegas 
E. Use of the pupal/demographic survey 
technique to identify the epidemiological-
ly important types of containers producing 
Aedes aegypti (L.) in a dengue-endemic area 
of Venezuela. Ann Trop Med Parasitol 2006; 
100 (suppl 1): S53-9.

Mahilum MM, Ludwig M, Madon MB, Becker 
N. Evaluation of the present dengue situ-
ation and control strategies against Aedes 
aegypti in Cebu City, Philippines. J Vector 
Ecol 2005; 2: 277-83.	



Southeast Asian J Trop Med Public Health

1374 Vol  43  No. 6  November  2012

Midega JT, Nzovu J, Kahindi S, Sang RC, Mbogo 
C. Application of the pupal/demographic-
survey methodology to identify the key 
container habitats of Aedes aegypti (L.) 
in Malindi district, Kenya. Ann Trop Med 
Parasitol 2006; (suppl 1): S61-72.

Napallacan J. Cebu City dengue hotspots. Cebu 
Daily News 2007: 8.

Pilger D, Lenhart A, Manrique-Saide P, Siqueira 
JB, da Rocha WT, Kroeger A. Is routine  
dengue surveillance in central Brazil able 
to accurately monitor the Aedes aegypti 
population? Results from a pupal pro-
ductivity survey. Trop Med Int Health 2011; 
16: 1143-50.

Ramos MM, Mohammed H, Zielinski-Gutierrez 
E, et al. Epidemic dengue and dengue 
hemorrhagic fever at the Texas-Mexico 
Border: Results of a household-based se-
roepidemiologic survey, December 2005. 
Am J Trop Med Hyg 2008; 78: 364-9. 

Romero-Vivas CM, Arango-Padilla P, Falconar 
AK. Pupal productivity surveys to identify 
the key container habitats of Aedes aegypti 
(L.) in Barrangquilla, the principal seaport 
of Colombia. Ann Trop Med Parasitol 2006; 
100 (suppl 1): S87-5. 

Schoenig E. Mosquitoes in Cebu City and ad-
jacent areas: an ecological survey. Philipp 
Scientist 1971; 8: 21-32.

Schoenig E. Distribution and abundance of 
mosquito species in Metropolitan Cebu, 

their relation to public health and their 
control. Philipp Scientist 1977; 12: 34-51.

Schoenig E. The importance of localized mos-
quito surveys for public health. Philipp 
Scientist 1978; 15: 96-101.

Seng CM, Setha T, Nealon J, Socheat D. Pupal 
sampling for Aedes aegypti (L.) surveillance 
and potential stratification of dengue high-
risk areas in Cambodia. Trop Med Int Health 
2009; 14: 1233-40.

Sucharit S, Tumrasvin W, Vutike S, Viraboon-
chai S. Interactions between larvae of 
Aedes aegypti and Aedes albopictus in mixed 
experimental populations. Southeast Asian 
J Trop Med Public Health 1978; 9: 93-7.

Tomayao AD. People’s knowledge and prac-
tice and Aedes aegypti infestation in Cebu 
City, Philippines and implications for 
community-based dengue control. Philipp 
Scientist 2000; 37: 79-93.

Tun-Lin W, Lenhart A, Nam VS, et al. Reduc-
ing costs and operational constraints of 
dengue vector control by targeting pro-
ductive breeding places: a multi-country 
non-inferiority cluster randomized trial. 
Trop Med Int Health 2009; 14: 1143-53.

World Health Organization (WHO). Vector 
surveillance and control. Geneva: WHO, 
2012. [Cited 2012 Mar 16]. Available from: 
URL:  www.who.int/csr/resources/publica-
tions/dengue/048-59.pdf 


