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ABSTRACT
An entomological index is widely used for determining dengue transmission and mosquito populations. In this study, we
determined the association between Aedes albopictus mosquito counts in three areas with different topographical features
from six districts in Nakhon Si Thammarat and infected patients reported by the Ministry of Public Health’s Department
of Disease Control, using entomological indices, such as the sticky pad index and the sweep net index. The sampling region
was selected from the top six districts of the province based on the number of reported dengue cases per 100,000 people.
The regions were Khanom, Mueang, Pak Phanang, Phrom Khiri, Thung Song, and Thung Yai. They were divided into three
categories of geographical features, including city, beach, and mountain. The mosquitos were collected by walking in a
star form inside a 5 m diameter circle. The mosquitoes were separated into groups based on their species, and the
percentile of the index was computed. We found that the number of mosquitoes was the highest in Pak Phanang and lowest
in Khanom. The two indices and the number of A. albopictus collected from the six sampling locations were not significantly
different (t = 1.31, p > 0.05). The coastline region had the highest number of mosquitoes and was substantially different
from the other two regions (cosmopolitan and mountain) (F = 4.30; p < 0.05). By performing Pearson’s correlation analysis,
we found a negative correlation between dengue cases and the entomological index (r = –0.472; N = 36). Similarly, the
number of patients showed a negative correlation with relative humidity (r = –0.355) but a positive correlation with
temperature (r = 0.064). The epidemic pattern shifted throughout the year, and the number of cases then increased 2–4
weeks after the insect was found.
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INTRODUCTION
The topography of, Nakhon Si Thammarat (NST) is
classified into three categories, i.e., beach, hill,
and city. The region is humid and hot and receives
rain for eight months. Temperature and topography
are ideal for the development and reproduction of
plants and animals1–3. Mosquitoes are abundant in
the area and transmit various diseases that affect
humans. The Aedes mosquitoes (Aedes aegypti or
Aedes albopictus) transmit dengue fever and other
vector-borne infections1, 2. The number of
mosquitoes in an area influences the intensity of a
dengue epidemic, and the mosquito population is
influenced by several environmental variables4–6,
such as the movement of humans, their location,
and climatic conditions7–9. The number of people,
houses, and mosquitoes has increased due to
urbanization. Mosquitoes are drawn to stagnant
water containers that serve as the breeding grounds
of mosquitoes, and thus, the presence of these
water containers promotes egg-laying behavior10–12.
The boundaries of mosquito development area,
water bodies, rainfall, temperature, and humidity

are critical characteristics in every dengue-endemic
ecosystem8, 9. Since the habitat of each stage of the
mosquito differs, which is employed in the primary
survey approach, the prevalence of Aedes
mosquitos may be investigated in a variety of
ways.13, 14.
In this study, we determined which stage of the
mosquito life cycle might be studied and what
equipment should be used. In general, the
procedure should be simple, cost-effective, and
easy to apply15. Entomological indicators might be
used for investigating mosquito epidemiology16.
Laboratory testing is necessary for species
identification, and epidemiological studies are
conducted using four indices: the House (premise)
index (HI), the Container index (CI), the Breteau
index (BI), and the Trap index (TI) 16. However, a
larval survey can only provide information on
contact frequency, and determining the number of
larvae is not possible. Although human bait
harvesting can be applied to conduct an adult
mosquito study, at least three people are necessary
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for the mosquito bite survey time13, 17. Surveyors are
also at danger of developing dengue fever due to
prolonged contact with mosquitoes.1, 6, 8. The
number of components required to calculate the
adult mosquito survey index might be reduced. In
non-residential study areas, swing indexing and the
sweep net index (Net index) are viable options 18.
Some studies that used adult mosquitoes as an
entomological index applied the sticky trap
technique. A black device is placed in a darkened
region for a long time to identify the species19, 20.
However, determining the index value is timeconsuming. For studying the mosquitoes in realtime, the number and kinds of species need to be
monitored. The technique might be able to track
mosquito-borne infections. Designing a study using
available materials and then calculating the number
of the mosquito per area is faster in the community.
For dengue surveillance, understanding the pattern
of disease spread and its advancement across time
and geographical boundaries is necessary.
Surveillance is required for any dengue prevention
and control program because it provides
information that can be used for risk assessment,
epidemic response, and program evaluation21. Data
can be collected through surveillance using both
passive and active techniques.To conduct
surveillance effectively, depending on the
circumstances, many data sources can be used,
which can provide accurate epidemiological
information on the risk of transmission9, 22.
The entomological index related to the
geographical characteristics of the studies
published every year is extremely important. The
index serves as a preventive guideline, helps to
minimize disease spread, and determines the
course of the outbreak. The Department of Disease
Control documented nine fatalities caused by
dengue fever in 2020, out of 10,000 that occurred
across Thailand. The Nakhon Si Thammarat Province
has the fourth highest number of dengue fever cases
in the country, the highest number in the southern
area, and the highest number in the prevalence of
dengue fever patients23, 24. When the trajectory of
the incidence of dengue fever was examined, it was
found to rise gradually and change with the
topography and climate25. In this study, we
examined the distribution of dengue vector
mosquitos in a specific region based on the
relationship between the entomological index and
geographical characteristics.
METHODS
Sampling area
The Nakhon Si Thammarat Province contains 23
districts. Instead of sampling the areas at random,
we selected areas with a significant number of
reported instances23–25. Thus, we performed
purposeful sampling. We sampled areas with three

topographical features, including mountains,
beaches, and towns, from six districts with the
highest number of dengue cases per 100,000
people. These areas included Khanom (KN), Mueang
Nakhon Si Thammarat (NST), Pak Phanang (PP),
Phrom Khiri (PK), Thung Song (TS), and Thung Yai
(TY).
The samples were collected from the west to east
and from the north to south across the area of
Nakhon Si Thammarat (NST) province. NST has an
annual rainfall of about 6.12 ±13.75 mm. The rainy
season lasts from mid-May to mid-October, and
floods occur from September to December. The
average annual temperature and annual relative
humidity are 27.51 ±1.09C and 86.04 ±3.80%,
respectively. The Mueang district is a two-place
community area consisting of a densely populated
metropolitan area, and the university community of
the Nakhon Si Thammarat Rajabhat University
(NSTRU), which is surrounded by low hills. Thung
Song has a public park with a plant breeding ground
at the center, surrounded by roads. Pak Phanang is
an apocalypse parallel to the coast, and the
residents have a career of coconut groves that dig a
trench parallel line inside the region. Phrom Khiri
has plains with small valleys mixed with steep
mountains; water is available throughout the year
in this region. Khanom has narrow coastal plains,
and the coastline is damaged in several places.
Thung Yai is a plateau with rubber plantations.
Sampling method
Mosquito samples were collected once a month and
twice a day, between 9:00 and 11:00 a.m. and 1:00
and 2:30 p.m. The sticky pad (square paper pad: 20
cm x 20 cm) method and the sweep net (30 cm in
diameter) method were used to capture adult
mosquitoes26, 27. The data were collected by
imagining a star-shaped walking route with five
points and multiplying it by five to find the center
of a circle (5 m in diameter) using a GPS (UTM)
device. The mosquitoes were collected at three
different sites by swinging the apparatus 60 cm over
the ground. The mosquitoes were caught and
recorded.
Species identification
Initially, spectroscopy was performed to classify
mosquitos into physical groups based on comparable
external characteristics. The entomological
procedure was used to prepare mosquito samples,
which were then identified by a taxonomy expert.
Briefly, by affixing the label (a small triangular
piece of paper measuring 1 cm × 1.4 cm) to the
entomological needle, the mosquito specimen was
retained at the tip of the paper to identify the
species22. The two labeling signals located below
were used to represent the data. To prevent the
samples from being damaged by moisture and other
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insects, the tips of the samples were painted with a
drop of transparent nail polish and allowed to dry.
Then, they were stored in an airtight container.
Determining the sticky pad index and the sweep
net index.
The population relative density technique was used
to determine the density of dengue-carrying
mosquitoes. The population number obtained
through sampling is a population index that can only
be compared to the genuine population. The density
per unit of any given unit is obtained by multiplying
the number of mosquitoes caught per area
investigated by the density per unit of any fixed
unit. The formula is presented in Equation 1.
Sampling was performed by walking along an
imaginary star-shaped path with five points in the
survey area, which was a circle with a diameter of
5 m28, 29.

𝑖𝑛𝑑𝑒𝑥 = [

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑠𝑞𝑢𝑖𝑡𝑜𝑒𝑠 𝑐𝑎𝑢𝑔ℎ𝑡
]x
𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑠𝑞𝑢𝑖𝑡𝑜 𝑐𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑎𝑟𝑒𝑎𝑠 x 100

100

*Total mosquito catching
area is A =¶r , r = circle radius
2

Secondary data on dengue cases
Dengue case records were obtained from the Health
Data Center (HDC) of the Nakhon Si Thammarat
Provincial Public Health Office for five consecutive
years (2016–2020)25.
Statistical analysis
The R statistical analysis program was used to
calculate the variance. The data were analyzed by
performing dependent paired t-tests and one-way
ANOVA. Finally, a multiple-comparison analysis was
performed using Tukey’s technique. All differences
among and between groups were considered to be
statistically significant at p < 0.05.
RESULTS
Distribution of mosquitoes
Mosquito samples were collected and mapped from
six districts, covering three unique topographical
zones, as shown in Figure 1.
The coastal areas and the PP district had the highest
percentage of both indices, whereas other locations
had relatively lower index values (Table 2).
Geography related to the mosquito number
We hypothesized that the distribution of denguecarrying mosquitoes was similar across study sites.
In three geographical zones, the number of

mosquitos in each of the six districts was compared.
The average number of mosquitos in the sampling
sites of Khanom (KN), Nakhon Si Thammarat (NST),
Pak Panang (PP), Prom Khiri (PK), Thong Song (TS),
and Thong Yai (TY) was 27.0, 24.8, 370.8, 34.4,
30.2, and 46.0, respectively (Table 3). We
performed ANOVA and found that the F-value was
3.95 (p = 0.009). Our results indicated that the
mean mosquito populations differed significantly in
at least one pair of sites. Tukey’s multiple
comparisons test was conducted to further
determine the differences in the mean number of
mosquitoes. The number of mosquitoes in the PP
region was significantly different from the other
five areas; (p = 0.019 (PP-NST), 0.020 (PP-KN),
0.021 (PP-TS), 0.024 (PP-PK), and 0.031 (PP-TY)).
The data showed a normal distribution (Figures 2a
and 2c). There were substantial differences in the
assumptions at the 95% confidence intervals (Figure
2b), and the effect of discrepancies was within the
allowed range (Figure 2d).
The average number of mosquitos in each region,
i.e., city, coast, and mountain, was 20.7, 161.9,
and 3.27, respectively. The results of the ANOVA
showed that the average number of mosquitoes
differed significantly between at least two regions
(F = 4.30, p = 0.020). The results of Tukey’s multiple
comparisons test showed a significant difference
between coast-city (p = 0.046) and coast-mountain
(p < 0.023) (Table 4).
The entomological index linked to a dengue
disease case
To determine the association between mosquitoes
in the region and secondary data from dengueinfected patients recorded in the same year by the
Department of Disease Control (2020), Pearson’s
correlation test was performed, and the
relationship between dengue cases and the three
factors was investigated. The occurrences were
positively related to temperature (r = 0.064) and
negatively related to relative humidity (r = –0.355)
(Figure 3a). The mosquito population was
significantly related to the prevalence of dengue
fever (p = 0.01; (2-tailed)), although the correlation
was negative (r = –0.472; N = 36) (Figure 3b). We
elucidated the pandemic pattern by evaluating
secondary data from cases that rose to index levels
(2018–2020). Dengue fever follows a yearly pattern,
where the frequency starts increasing in late April
and peaks in July and August each year due to the
rainy season that persists for the entire month
(Figure 3b).
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Figure 1: The sites from which mosquitos were collected in Nakhon Si Thammarat. The map (a)
represents the map of NST with latitude and longitude. On map (b), black dots represent sampling sites
and light gray lines represent district boundaries. The maps were created using ArcGIS (version 10.8.1).
Table 1: The relative density index was related to the studied regions (dependent paired t-tests; n = 6).
Location (district)

Method
Sticky pad (mean±SE)

Sweep net(mean±SE)

Khanom (KN)

0.82 ±5.33

1.48 ±6.34

Mueang-Nakhon Si Thammarat

1.63 ±8.33

3.16 ±1.53

Pak Phanang (PP)

33.06 ±183.33

61.38 ±72.97

Phrom Khiri (PK)

1.32 ±8.67

2.65 ±5.86

Thung Song (TS)

2.19 ±6.00

4.43 ±1.73

Thung Yai (TY)

1.99 ±13.00

3.67 ±7.00

(NST)

Note: There was no significant difference at a p-value of 0.05.
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Table 2: The percentage of both indices in different districts and geographical areas.
Location
Method
Sticky pad index (%)
Sweep net index (%)
District:
Khanom (KN)
1.92
1.99
Mueang-Nakhon Si Thammarat
5.77
5.34
(NST)
Pak Phanang (PP)
79.96
80.62
Phrom Khiri (PK)
3.42
3.23
Thung Song (TS)
5.77
5.34
Thung Yai (TY)
4.78
4.84
Geographical area:
City
4.11
3.98
Coast
86.99
87.45
Mountain
8.89
8.57
Table 3: The average distribution of mosquitoes in an area (district) (n = 6). A one-way ANOVA was
performed, followed by Tukey’s multiple comparisons test if the difference was significant (p < 0.05).
Location (District)
No. of mosquito (mean ±SE)
Khanom (KN)
27.0 ±7.00b
Nakhon Si Thammarat (NST)
25.8 ±7.00b
Pak Phanang (PP)
370.8 ±7.00a
Phrom Khiri (PK)
34.4 ±7.00b
Thung Song (TS)
30.2 ±7.00b
Thung Yai (TY)
46.0 ±7.00b

Figure 2: The data analysis in a randomized study comparing the district area to mosquito dispersal. (a)
The average level of mosquitoes by region is shown using boxplots. (b) The fitted linear of the confidence
interval. (c) The distribution of the residual values. (d) The remainder of the value of the approximation
equation.
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Table 4: The average distribution of mosquitoes in areas with different geographical features. The oneway ANOVA was performed, followed by Tukey’s multiple comparisons tests (significant differences at p <
0.05).
Geographical feature
City (n = 10)
Coast (n = 10)
Mountain (n = 26)
The data were found to be normally distributed,
based on the analysis of the mean of the mosquito
distribution across geographical features (Figures
3a and 3c). Significant differences were found

No. of mosquito (mean ± SE)
20.70 ± 57.423b
161.90 ± 47.779a
30.27 ± 47.779b
based on the assumptions at 95% confidence
intervals (Figures 3b), and a randomly distributed
discrepancy was found around the zero point
(Figure 3d).

Figure 3: The data analysis in a randomized study comparing the geographical features to mosquito
dispersal. (a) The boxplots denote the average level of mosquitoes by geographical features. (b) The
fitted linear of the confidence interval. (c) The distribution of the residual values and (d) the remainder
of the value of the approximation equation.

Figure 4: The mean of the mosquito distribution. (a) The correlation between mosquito numbers and the
parameters in 2020 and (b) the association of mosquito numbers with the recorded dengue cases in three
consecutive years (2018–2020).
DISCUSSION
Aedes albopictus was predominant in our randomly
selected areas, while other species were either
detected in very small numbers or were absent.
Aedes albopictus lives and reproduces in both
tropical and subtropical environments, as well as,
at temperatures below 30° C. It transmits a strain
of virus that causes a type of dengue fever that is
alarming for the Ministry of Public Health30–31. We
used adhesive pads, similar to the use of swings, to

collect samples. However, the pads were portable
and comfortable to use, and the number of insects
could be counted instantly using this technique.
Previous studies used different methods; for
example, they used a mosquito swing to identify
species, used people or animals as bait, and used
different kinds of traps, which requires long time
for sample collection and the samples are difficult
to transport32–34. For adult mosquitoes, an
entomological index survey might be better than
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other indices since it can immediately identify the
mosquito vector, making it possible to accurately
predict diseases with the potential to lead to an
epidemic35. Adult samples might be used in the field
to monitor the prevalence of the virus in the
community, assess the transmission serotype, and
determine the population per unit of area
estimate36–38. Adult mosquitoes were used as an
entomological indicator in other studies, and an
index ranging from 8 to 35% was found using sticky
traps39– 42. The index was found to be 2–88% using a
sticky pad and a sweep net. This index is very
important on the beach and can also be used to
determine the species, sex, and parity status based
on movement direction8. The sample from this
study will be used in another study to determine the
distribution of the dengue serotype.
The number of mosquitos was linked to the
geographical characteristics of the sampling sites,
particularly coastal locations. The coastline near
the coast is swamped and left stagnant by the sea.
The distribution was found to be higher along the
shore, with fewer people per square mile than in
other study areas25. A marshy area near the beach
is ideal for nesting43. This might explain why this
site had the highest index value. The second highest
number of mosquitos was in the mountainous
terrain with multiple reservoirs and temperature
and humidity favorable for the growth of
mosquitoes. In the urban and university areas, the
mosquito breeding reservoir might be smaller, or
the index approach might not be suited for
collecting samples. Mosquito vectors in cities prefer
being inside houses rather than outdoors.
The prevalence of dengue fever was inversely
proportional to the number of mosquito vectors.
This might be due to the length of the incubation
period following mosquito bites. There is a
discrepancy in mosquito life expectancy. Thus, the
timing of case identification and reporting differed
from the number of mosquitoes at the time of
reporting. The cause of the outbreak in a significant
number of cases might be infected mosquitoes
biting the prey in the same area, as well as locations
with high indices but low cases, despite the fact
that there is no victim or people nearby.8. During
the wet season, the transmission of the virus might
be accelerated. Additionally, people are more
inclined to spend most of their time indoors during
the monsoon. This increases the spread of dengue
fever by infected mosquitoes22. Several studies have
shown a weak and nonlinear association between
the incidence of dengue and the local microclimate.
The incidence of dengue fever was negatively
correlated with maximum temperature, minimum
temperature, and maximum humidity44–46.
The entomological index we determined here was
an estimate, where a high index value indicated

that the event occurred within a month. Simple
randomization of the adult mosquito populations
might be performed to prepare the community for
the outbreak of dengue. A community warning
about the possibility and danger of an epidemic
might be issued. Adoption by the general public
might use the method of swinging and calculating
mosquito population per area, especially in areas
with a history of disease outbreaks. This might
require lesser materials, generate lesser waste, and
take lesser time than that required for surveying
mosquito larvae breeding sites by walking around
houses. The procedure was simpler and faster. In
contrast, the entomological index is the most basic
information available for community awareness and
is insufficient for monitoring and planning.
Determining the distribution of the virus, as well as,
molecular typing of dengue serotypes, might
improve the efficiency of preventive and monitoring
activities by the government.
CONCLUSION
The two categories of the entomological index
differed considerably in the six districts (three
distinct geographical features), and the highest
index value was associated with the shore. The
entomological parameters showed a negative
association with dengue cases. The incidence of
dengue infection was positively correlated with the
temperature and negatively correlated with
relative humidity. The pattern of epidemics was
associated with adult mosquito vectors. This could
have occurred after the mosquitoes identified in the
epidemic region were present for 2–4 weeks. Thus,
both entomological indices might be used as a tool
for identifying mosquito vectors and developing a
monitoring strategy. Additionally, they might be
used for warning (standard level) people before an
epidemic. Future studies might use genetic methods
to determine the distribution of dengue serotypes
in an area, making prevention and surveillance
easier.
ACKNOWLEDGMENTS
Dr. Piti Mongkolrangkun, a public health scholar at
the Division of Vector-Borne Diseases, Department
of Disease Control, Ministry of Public Health, who
contributed to identifying mosquito taxonomy, is
thanked by the authors. Onuma Raksachon and
Phimwimon Sisuksai, the members of the
Specialized Research Unit on Insects and Herbs,
Faculty of Science and Technology, Nakhon Si
Thammarat Rajabhat University, for their
assistance in collecting mosquito samples.
Funding
“This research received no external funding.”

Malaysian Journal of Public Health Medicine 2022, Vol. 22 (2): 146-155

Conflicts of Interest
“The authors declare no conflict of interest.” PR
was in charge of the region’s research methodology,
data collection, data analysis, interpretation, paper
authoring, mapping, and GIS data acquisition for
this study. SP aided with data collection and
statistical analysis. SS will evaluate the data, select
a publication for it, and then write and prepare the
report. The authors helped with research,
reporting, article writing, editing, and, ultimately,
publishing approval.
REFERENCES

Parasitol. 2019; 35(7): 544–558,
10.1016/j.pt.2019.04.013.

doi:

8. Brown JA, Larson KL, Lerman SB, Cocroft A,
Hall SJ. Resident Perceptions of Mosquito
Problems Are More Influenced by Landscape
Factors
than
Mosquito
Abundance.
Sustainability 2021; 13(20): 11533, doi:
10.3390/su132011533.
9. World Health Organization, Ed., WHO
traditional medicine strategy. 2014–2023.
Geneva: World Health Organization, 2013.

1. Tandina F, Doumbo O, Yaro AS, Traoré SF,
Parola P, Robert V. Mosquitoes (Diptera:
Culicidae) and mosquito-borne diseases in
Mali, West Africa. Parasit Vectors 2018;
11(1): 467, doi: 10.1186/s13071–018–3045–
8.

10. Chaiphongpachara T, Yusuk P, Laojun S,
Kunphichayadecha
C.
Environmental
Factors Associated with Mosquito Vector
Larvae in a Malaria-Endemic Area in
Ratchaburi Province, Thailand Sci. World J.
2018;
2018:1–8,
doi:
10.1155/2018/4519094.

2. Ferreira-de-Lima VH, Lima-Camara TN.
Natural vertical transmission of dengue
virus in Aedes aegypti and Aedes
albopictus: a systematic review.” Parasit
Vectors
2018;
11(1):
77,
doi:
10.1186/s13071–018–2643–9.

11. Rotenberry JT, Balasubramaniam P.
Connecting
species’
geographical
distributions to environmental variables:
range maps versus observed points of
occurrence. Ecography 2020; 43(6):897–
913, doi: 10.1111/ecog.04871.

3. Marques-Toledo CA, Bendati MM, Codeço C
T, Teixeira MM. Probability of dengue
transmission and propagation in a nonendemic temperate area: conceptual model
and decision risk levels for early alert,
prevention and control. Parasit Vectors
2019; 12(1): 38, doi: 10.1186/s13071–018–
3280-z.

12. Ombugadu A, Maikenti JI, Maro SA, et al.
Survey of Mosquitoes in Students Hostels of
Federal University of Lafia, Nasarawa State,
Nigeria. Biomed. J. Sci. Tech. Res. 2020;
28(4):
21822–21830,
doi:
10.26717/BJSTR.2020.28.004691.

4. Mint Mohamed Lemine A, et al. Mosquitoes
(Diptera: Culicidae) in Mauritania: a review
of their biodiversity, distribution and
medical importance. Parasit Vectors 2017;
10(1):35, doi: 10.1186/s13071–017–1978-y.

13. Thongsripong P, Green A, Kittayapong P,
Kapan D, Wilcox B, Bennett S. Mosquito
Vector Diversity across Habitats in Central
Thailand Endemic for Dengue and Other
Arthropod-Borne Diseases. PLoS Negl. Trop.
Dis.2013;
7(10):
e2507,
doi:
10.1371/journal.pntd.0002507.

5. Attaullah M, et al. Diversity, distribution
and relative abundance of the mosquito
fauna (Diptera: Culicidae) of Malakand and
Dir Lower, Pakistan. Braz. J. Biol. 2022; 83:
p.
e247374,
doi:
10.1590/1519–
6984.247374.

14. Leta A, Megersa T. Factors Influencing Soil
Erosion Management Practices in Ejersa
Lafo District, West Showa Zone, Oromia,
Regional State, Ethiopia. J. Appl. Sci.
Environ. Manag.2021; 25(1):79–85, doi:
10.4314/jasem.v25i1.11.

6. Nagao Y, Tawatsin A, Thammapalo S,
Thavara U. Geographical gradient of mean
age of dengue haemorrhagic fever patients
in northern Thailand. Epidemiol. Infect.
2012;
140(3):479–490,
doi:
10.1017/S0950268811000653.

15. Medlock J, Balenghien T, Alten B, Versteirt
V, Schaffner F. Field sampling methods for
mosquitoes, sandflies, biting midges and
ticks. EFSA Support. Publ.2018. doi:
10.2903/sp.efsa.2018.EN-1435.

7. Tananchai C, Manguin S, Bangs MJ,
Chareonviriyaphap T. Malaria Vectors and
Species
Complexes
in
Thailand:
Implications for Vector Control. Trends

16. Morales-Pérez
A,
Nava-Aguilera
E,
Herna´ndez-Alvarez C, et al. Utility of
entomological indices for predicting
transmission of dengue virus: secondary
analysis of data from the Camino Verde trial
in Mexico and Nicaragua. PLoS Negl. Trop.

Malaysian Journal of Public Health Medicine 2022, Vol. 22 (2): 146-155

Dis.
2020;
14(10):e0008768,
10.1371/journal.pntd.0008768.

doi:

17. Tangena J-A A, Thammavong P, Hiscox A,
Lindsay SW, Brey PT. The Human-Baited
Double Net Trap: An Alternative to Human
Landing Catches for Collecting Outdoor
Biting Mosquitoes in Lao PDR. PLOS ONE
2015;
10(9):
e0138735,
doi:
10.1371/journal.pone.0138735.
18. Chaiphongpachara T, Bunyuen P, Chansukh
KK. Development of a More Effective
Mosquito Trapping Box for Vector Control.
Sci. World J.2018; 2018:1–8, doi:
10.1155/2018/6241703.
19. Martini M, Armen Z, Nissa K, Retno H, Sri Y,
Atik M, Susiana P. Entomological Status
Based on Vector Density Index and
Transovarial Infection on Aedes Sp.
Mosquito in Meteseh Village, Semarang
City. E3S Web of Conferences 202, 12016.
2020.
https://doi.org/10.1051/e3sconf/2020202
12016.
20. Haddawy P, Wettayakorn P, Nonthaleerak
B, Su Yin M, Wiratsudakul A, Scho¨ning J, et
al. Large scale detailed mapping of dengue
vector breeding sites using street view
images. PLoS Negl Trop Dis 2019; 13(7):
e0007555.
https://doi.
org/10.1371/journal.pntd.0007555
21. Möhlmann TWR, Wennergren U, Tälle M, et
al. Community analysis of the abundance
and diversity of mosquito species (Diptera:
Culicidae) in three European countries at
different latitudes. Parasit Vectors. 2017;
23:10(1):510, doi: 10.1186/s13071–017–
2481–1.
22. World Health Organization, Ending the
neglect to attain the sustainable
development goals: a global strategy on
water, sanitation and hygiene to combat
neglected tropical diseases, 2021–2030.
Geneva: World Health Organization, 2021.
Accessed: Jan. 10, 2022. [Online].
Available:
https://apps.who.int/iris/handle/10665/3
40240
23. Department of Disease Control. Forecast
report Dengue fever in 2021. Department of
Disease Control, Ministry of Health. 51 pp.
24. 24. Bureau of Epidemiology, Department of
Disease Control, Ministry of Public Health.
Disease report in the surveillance system
506 (Dengue Fever). 11 July, 2017

25. Nakhon Si Thammarat Provincial Public
Health Office. Annual Report 2020: Dengue
Situation
Report
2020; Nakhon
Si
Thammarat (in Thai).
26. European Centre for Disease Prevention and
Control; European Food Safety Authority.
Field sampling methods for mosquitoes,
sandflies, biting midges and ticks –
VectorNet project 2014–2018. Stockholm
and Parma: ECDC and EFSA; 2018.
27. Garjito TA, Susanti L, Mujiyono M, Prihatin
MT, Susilo D, Nugroho SS, Mujiyanto M,
Wigati RA, Satoto TBT, Manguin S, Gavotte
L and Frutos R (2021) Assessment of
Mosquito Collection Methods for Dengue
Surveillance. Front. Med. 8:685926. doi:
10.3389/fmed.2021.685926.
28. Upton MS, Mantle BL. Methods for
collecting, preserving and studying insects
and other terrestrial arthropods. THE
AUSTRALIAN ENTOMOLOGICAL SOCIETY,
2010:90.
29. Häuser CL, Riede K. Field methods for
inventorying
insects.
in
Descriptive
Taxonomy, Watson M F, Lyal C, Pendry C,
Eds. Cambridge: Cambridge University
Press.
2015:190–213.
doi:
10.1017/CBO9781139028004.021.
30. Gatt P, Deeming JC, Schaffner F. First
records of Aedes (Stegomyia) albopictus
(Skuse) (Diptera: Culicidae) in Malta. Eu
Mosq Bull. 2009;27 56–64.
31. Medlock JM, Avenell D, Barrass I, Leach S.
Analysis of the potential for survival and
seasonal activity of Aedes albopictus
(Diptera: Culicidae) in the United Kingdom.
J Vector Ecol. 2006;31(2):292–304.
32. Gorsich EE, Beechler BR, van Bodegom PM,
et al. A comparative assessment of adult
mosquito trapping methods to estimate
spatial patterns of abundance and
community composition in southern Africa.
Parasit. Vectors 2019; 12(1)462, doi:
10.1186/s13071–019–3733-z.
33. Kenea O, Balkew M, Tekie H, et al.
Comparison of two adult mosquito sampling
methods with human landing catches in
south-central Ethiopia. Malar. J. 2017;
16(1):30, doi: 10.1186/s12936–016–1668–9.
34. Degefa T, Yewhalaw D, Zhou G, Atieli H,
Githeko AK, Yan G. Evaluation of humanbaited double net trap and human-odourbaited CDC light trap for outdoor hostseeking malaria vector surveillance in

Malaysian Journal of Public Health Medicine 2022, Vol. 22 (2): 146-155

Kenya and Ethiopia. Malar. J. 2020;
19(1):174, doi: 10.1186/s12936–020–03244–
2.
35. Connelly CR, Gerding JA, Jennings SM, et al.
Continuation of Mosquito Surveillance and
Control During Public Health Emergencies
and Natural Disasters. MMWR Morb. Mortal.
Wkly. Rep. 2020; 69(28):938–940, doi:
10.15585/mmwr.mm6928a6.
36. Romeo-Aznar V, Paul R, Telle O, Pascual M.
Mosquito-borne transmission in urban
landscapes: the missing link between vector
abundance and human density. Proc. R.
Soc. B Biol. Sci.2018; 285(1884): p.
20180826, doi: 10.1098/rspb.2018.0826.
37. Almeida L, Duprez M, Privat Y, Vauchelet N.
Mosquito population control strategies for
fighting against arboviruses. Math. Biosci.
Eng.
2019;
16(6):6274–6297,
doi:
10.3934/mbe.2019313.
38. Goff GL, Damiens D, Ruttee A-H, et al. Field
evaluation of seasonal trends in relative
population sizes and dispersal pattern of
Aedes albopictus males in support of the
design of a sterile male release strategy.
Parasit. Vectors 2019; 12(1):81, doi:
10.1186/s13071–019–3329–7.
39. Ong J, Liu X, Rajarethinam J, Yap G, Ho D,
Ng LC. A novel entomological index, Aedes
aegypti Breeding Percentage, reveals the
geographical spread of the dengue vector in
Singapore and serves as a spatial risk
indicator for dengue. Parasites & Vectors
2019; 12:17.
40. Facchinelli L, Valeriol L, Pombi M, Reiter P,
Costantini C, Dellatorre A. Development of
a novel sticky trap for container breeding
mosquitoes and evaluation of its sampling
properties to monitor urban populations of
Aedes albopictus. Medical and Veterinary
Entomology. 2007; 21:183–195.

41. Bazin M, Williams CR. Mosquito traps for
urban surveillance: collection efficacy and
potential for use by citizen scientists.
Journal of Vector Ecology 2018; 43(1): 98–
103.
42. Codeço CT, Lima AWS, Araújo SC, Lima JBP,
Maciel-de-Freitas R, Honório NA, et al.
Surveillance of Aedes aegypti: Comparison
of House Index with Four Alternative Traps.
PLoS Negl Trop Dis 2015; 9(2): e0003475.
doi:10.1371/journal.pntd.0003475.
43. Effler PV, Pang L, Kitsutani P, Vorndam V,
Nakata M, Ayers T, et al. Dengue outbreaks
in Hawai‘i after WWII – A Review of Public
Health Response and Scientific Literature.
Hawai‘i journal of medicine and public
health 2005; 11(5):742–9.
44. Ramchurn SK, Moheeput K, Goorah SS. An
analysis of a short-lived outbreak of dengue
fever
in
Mauritius.
Euro
Surveill.
2009;14(34):pii = 19314.
45. Faridah L, Fauziah N, Agustian D, Jaya
IGNM, Putra RE, Ekawardhani S, Hidayath N,
Djati ID, Carvajal TM, Mayasari W, Rinawan
FR, Watanabe K. Temporal Correlation
Between Urban Microclimate, Vector
Mosquito Abundance, and Dengue Cases.
Journal of Medical Entomology, 2022;
59(3):1008–1018.
https://doi.org/10.1093/jme/tjac005
46. Fatima Syeda Hira1, Ali Asad1, Zaidi
Farrah2, Rasheed Syed Basit2, Fatima
Mehreen3 and Khisroon Muhammad.
Patterns of occurrence of dengue and
chikungunya, and spatial distribution of
mosquito vector Aedes albopictus in Swabi
district, Pakistan. Tropical Medicine and
International Health.

