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Abstract

Background: The strategy for prevention and control of Aedes-borne diseases
relies on timely elimination of key breeding containers. There is thus a crucial
need to identify key breeding containers to enhance vector control activities. The
visual larval survey of wet containers has then been conducted as a routine
mission of the Department of Disease Control (DDC). To facilitate this, DDC has
deployed a mobile application, namely TanRabad SURVEY, since May 2016. As
per an inspected place, TanRabad SURVEY supports the real-time collection of its
larval survey data and processing of its larval indices and key breeding containers.

Methods: Larval survey data from 2017 to 2019 were spatially and temporally
collected by public health officials via TanRabad SURVEY. Several measurements
were computed to identify the overall and regional key breeding containers and
places; and the regional transmission potentiality of Aedes-borne diseases. The
measurements for identifying essential containers were breeding potentiality,
productivity, contribution and preference ratio. As for places, the larval
productivity of places based on larval indices was employed. Such place
productivity was also implemented for discovering the regional transmission
potentiality of Aedes-borne diseases.

Results: The overall essential breeding containers were water tank, unused
containers, other used containers, old tyres, anti-ant bowls, drip tray of water
dispensers, pet bowls and plant leaves. As for regional aspects, different regions
had different essential breeding containers wherein their most common containers
were unused containers, other used containers, old tyres and drip tray of water
dispensers. All regions had similar experiences that villages and temples were the
top two riskiest places, followed by schools, factories, hotels and hospitals.
Additionally, all regions had high transmission potentiality of Aedes-borne disease
as above 30% of all their places were moderate and high risk places.

Conclusions: This study identified the overall and regional key breeding
containers and places along with the regional transmission potentiality of
Aedes-borne diseases. Beside this, the empirical evidence had shown that the
breeding productivity of most containers and places in each type was gradually
decreased from time to time. This was mainly because TanRabad SURVEY

supported real-time risk communication to community participants and effective
prevention and control program development.

Keywords: Aedes Mosquito; Dengue; TanRabad; Visual Larval Survey

Background
Aedes mosquito is an important vector of arboviruses [1, 2] such as dengue [3], zika

and chikungunya. It is breeding in a variety of water-holding containers [4, 5, 6]
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that are typically sit on different places. The classic breeding containers for Aedes

mosquitoes are artificially flooded sites which can produce a large number of larvae

or pupae even when rainfall is low [7]. In recent decades, the incidence of Aedes-

borne diseases (especially dengue) has grown dramatically around the world [3, 8,

9]. As for Thailand, over 50,000 people [10, 11, 12, 13] infected with Aedes-borne

diseases are annually reported throughout the country. The strategy for prevention

and control of Aedes-borne diseases relies on timely elimination of key breeding

containers [14, 15, 16, 17, 18, 19]. There is thus a crucial need to identify key

breeding containers to enhance vector control activities [7, 20].

To achieve targeted vector control, the visual larval survey of wet contain-

ers has been conducted as a routine mission of the Department of Disease

Control (DDC) [11, 21]. DDC has adopted the larval survey guideline from

WHO [15, 22, 23, 24] to suite Thai culture and tradition. Particularly, containers

are grouped into 12 types (see Figure 1): water tanks, water drinking jars, vases,

anti-ant bowls, plant saucers, lotus basins, plant leaves, pet bowls, drip tray of wa-

ter dispensers, old tyres, other used containers and unused containers. Places the

accommodate those containers are classified into 6 categories (see Figure 2): vil-

lages [1], schools, temples, hospitals, hotels and factories. The visual larval survey in

all districts at risk must be performed. A district at risk is defined when a number

of patients in the past 4 weeks is greater than an average number of patients in

such 4 weeks of the previous 5 years. As per a district at risk, at least one place in

each particular place type must be randomly examined. A random of 40% of houses

should be examined as per a village while all buildings are for other places. In each

examination, a number of indoor and outdoor wet containers with and without lar-

vae must be reported. Upon a survey completion for a particular place, its larval

indices [25] are calculated along with key breeding containers.

Figure 1: Container Habitats

To facilitate the visual larval survey, a mobile application, namely TanRabad

SURVEY [4, 26, 27], is developed. Essentially, as per an inspected place, TanRabad

SURVEY supports the real-time collection of its larval survey data and processing of

[1]Villages here are a collection of only houses.
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Figure 2: Places

its larval indices and key breeding containers. TanRabad SURVEY has initially been

deployed in May 2016. With its capabilities, DDC has taken it as one of surveil-

lance tools in the national strategic plan 2018-2021 for the prevention and control of

Aedes-borne diseases. The deployment result from 2016 to 2019 has shown that the

larval survey data collection has been entirely transformed from a manual -based to

a digital -based throughout Thailand.

Accordingly, this study relied on the larval survey data spatially and temporally

collected by public health officials via TanRabad SURVEY. The aim of this study

was to identify (i) the overall and regional key breeding containers and places that

serves as primary sources and accommodation of Aedes mosquito breeding; and (ii)

the regional transmission potentiality of Aedes-borne diseases. These identifications

enable DDC to develop and implement an effective and sustainable prevention and

control program. With this targeted vector control, there would be a minimized

use of chemicals that may be costly and have long-term health and environment

impacts [20].

Method

Study Area

Thailand is located at the centre of the Indochinese Peninsula and roughly between

5.61◦ N to 20.45◦ N in latitude and 97.37◦ E to 105.62◦ E in longitude [28]. Thailand

is administratively divided into 77 provinces and 4 regions as shown in Figure 3,

covers an area of 513,120 square kilometers, and has a population of over 70 million

people. Thailand has three official seasons [29] - summer, rainy and winter. The

summer season runs from mid-February through to mid-May, with April and May

the hottest months of the year. The rainy season is from mid-May to mid-October.

The winter season is between mid-October and mid-February. In this study, the

analysis was performed with respect to both national and regional aspects.

Data Source

This study relied on the larval survey data spatially and temporally collected via

TanRabad SURVEY and stored in TanRabad database. The larval survey data is re-

ported by public health officials under DDC. Essentially, all inspected containers

and places throughout Thailand from 2017 to 2019 was chosen for data analytics.

The number of inspected containers and places from 2017 to 2019 are illustrated in

Table 1 - 2, respectively.
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Figure 3: Study Area
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Year Types of containers
Regions

Total

Central North Northeast South

indoor outdoor total indoor outdoor total indoor outdoor total indoor outdoor total indoor outdoor total

2017

Water tank 17,069 8,669 25,738 10,209 6,117 16,326 25,690 19,672 45,362 4,860 2,304 7,164 27,278 14,786 42,064
Water drinking jar 978 362 1,340 647 220 867 960 966 1,926 978 69 1,047 1,625 582 2,207
Vase 4,806 4,271 9,077 542 1,069 1,611 701 889 1,590 1,565 813 2,378 5,348 5,340 10,688
Anti-ant bowl 474 234 708 701 154 855 428 135 563 161 76 237 1,175 388 1,563
Plant saucer 4,139 6,550 10,689 207 773 980 213 635 848 101 722 823 4346 7,323 11,669
Lotus basin 1,633 9,238 10,871 488 2,526 3,014 439 2,365 2,804 172 1,049 1,221 2,121 11,764 13,885
Plant leaf 105 6,515 6,620 20 234 254 13 125 138 7 317 324 125 6,749 6,874
Pet bowl 270 1,275 1,545 151 822 973 161 767 928 14 96 110 421 2,097 2,518
Drip tray of water dispenser 513 130 643 424 49 473 573 99 672 149 28 177 937 179 1,116
Old tyre 134 1,417 1,551 36 760 796 69 813 882 1 650 651 170 2,177 2,347
Other used container 4,147 4,608 8,755 534 1,468 2,002 1,971 4,279 6,250 49 390 439 4,681 6,076 10,757
Unused container 720 3,909 4,629 182 1,101 1,283 160 1,413 1,573 53 952 1,005 902 5,010 5,912
Total 34,988 47,178 82,166 14,141 15,293 29,434 31,378 32,158 63,536 8,110 7,466 15,576 49,129 62,471 111,600

2018

Water tank 67,066 47,157 114,223 50,517 35,082 85,599 108,760 145,077 253,837 14,963 8,651 23,614 11,7583 82,239 199,822
Water drinking jar 3,098 3,832 6,930 6,585 3,326 9,911 30,495 55,658 86,153 3,238 297 3,535 9,683 7,158 16,841
Vase 11,499 20,993 32,492 4,585 4,103 8,688 5,550 5,279 10,829 3,537 2,480 6,017 16,084 25,096 41,180
Anti-ant bowl 2,098 426 2,524 3,480 561 4,041 3,576 1,220 4,796 427 167 594 5,578 987 6,565
Plant saucer 3,940 9,322 13,262 1,143 3,207 4,350 881 2,571 3,452 242 2,265 2,507 5,083 12,529 17,612
Lotus basin 3,879 24,074 27,953 1,405 9,045 10,450 1,842 12,131 13,973 175 3,430 3,605 5,284 33,119 38,403
Plant leaf 321 8,266 8,587 104 1,549 1,653 582 4,258 4,840 112 2,894 3,006 425 9,815 10,240
Pet bowl 1,178 3,720 4,898 738 2,438 3,176 2,026 12,778 14,804 104 1,079 1,183 1,916 6,158 8,074
Drip tray of water dispenser 2,068 299 2,367 1,773 174 1,947 3,423 896 4,319 629 67 696 3,841 473 4,314
Old tyre 1,049 5,750 6,799 368 3,534 3,902 1,804 9,627 11,431 5 1,169 1,174 1,417 9,284 10,701
Other used container 3,381 8,247 11,628 2,155 6,858 9,013 4,651 19,201 23,852 391 1,676 2,067 5,536 15,105 20,641
Unused container 1,197 12,045 13,242 662 6,545 7,207 2,583 16,059 18,642 257 4,261 4,518 1,859 18,590 20,449
Total 100,774 144,131 244,905 73,515 76,422 149,937 166,173 284,755 450,928 24,080 28,436 52,516 174,289 220,553 394,842

2019

Water tank 119,910 104,613 224,523 77,611 59,410 137,021 141,307 152,708 294,015 21,283 9,172 30,455 197,521 164,023 361,544
Water drinking jar 21,538 15,129 36,667 10,522 6,351 16,873 21,195 38,745 59,940 2,618 200 2,818 32,060 21,480 53,540
Vase 29,726 50,111 79,837 9,795 7,163 16,958 4,306 6,210 10,516 4,623 2,440 7,063 39,521 57,274 96,795
Anti-ant bowl 8,508 2,081 10,589 6,357 870 7,227 3,388 1,522 4,910 247 126 373 14,865 2,951 17,816
Plant saucer 5,223 17,916 23,139 1,665 3,886 5,551 1,128 3,580 4,708 584 2,789 3,373 6,888 21,802 28,690
Lotus basin 6,220 37,761 43,981 2,104 11,952 14,056 2,340 14,064 16,404 537 3,373 3,910 8,324 49,713 58,037
Plant leaf 792 12,087 12,879 157 2,986 3,143 530 2,439 2,969 93 5,190 5,283 949 15,073 16,022
Pet bowl 4,217 15,393 19,610 1,480 6,245 7,725 1,659 14,973 16,632 182 1,605 1,787 5,697 21,638 27,335
Drip tray of water dispenser 11,701 953 12,654 4,814 413 5,227 5,081 697 5,778 657 42 699 16,515 1,366 17,881
Old tyre 1,507 18,835 20,342 650 7,324 7,974 679 9,615 10,294 36 1,078 1,114 2,157 26,159 28,316
Other used container 8,133 27,255 35,388 2,845 12,812 15,657 6,518 24,008 30,606 485 2,270 2,755 10,978 40,067 51,045
Unused container 3,965 26,313 30,278 1,180 11,934 13,114 2,194 17,586 19,780 232 4,139 4,371 5,145 38,247 43,392
Total 221,440 328,447 549,887 119,180 131,346 250,526 190,325 286,227 476,552 31,577 32,424 64,001 340,620 459,793 800,413

Table 1: The number of indoor and outdoor wet containers inspected from 2017 to 2019 (unit: pieces)
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Year Types of places
Regions

Total

Central North Northeast South

2017

Villages 263 126 399 75 863
Temples 105 67 238 35 445
Schools 219 68 230 43 560
Hospitals 118 95 131 68 412
Factories 84 27 38 2 151
Hotels 16 42 43 17 118
Total 805 425 1079 240 2,549

2018

Villages 792 727 1,546 75 3,266
Temples 359 277 644 35 1,369
Schools 565 226 647 43 1,585
Hospitals 536 567 735 68 1,999
Factories 163 65 70 2 307
Hotels 123 85 73 17 309
Total 2,538 1,947 3,715 635 8,835

2019

Villages 2,250 1,083 2,162 286 5,781
Temples 495 349 847 88 1,779
Schools 737 393 919 140 2,189
Hospitals 4,126 592 949 198 5,865
Factories 282 125 155 42 604
Hotels 115 97 117 50 379
Total 8,005 2,639 5,149 804 16,597

Table 2: The number of places inspected from 2017 to 2019 (unit: places)

Larval Indices

Larval indices [25, 30] are (i) House Index (HI) – a percentage of houses infested

with larvae and/or pupae; (ii) Container Index (CI) – a percentage of water-holding

containers infested with larvae or pupae; and (iii) Breteau Index (BI) – a number

of positive containers per 100 houses inspected. According to DDC, HI, CI and BI

are for the villages, while CI alone is applicable for other places. This is mainly due

to the fact that each village basically covers many houses in a large spatial area

and have various residences with different ages and careers. Conversely, the others

are public and sharing places with less number of buildings in a small area and has

specific residences. In TanRabad SURVEY, HI, CI and BI are formally defined as per

Equations 1 - 3.

HI =
|B

′

|

|B|
× 100 (1)

CI =

∑

bǫB

∑

cǫC

(α
′

b,c + γ
′

b,c)

∑

bǫB

∑

cǫC

(αb,c + γb,c)
× 100 (2)

BI =

∑

bǫB

∑

cǫC

(α
′

b,c + γ
′

b,c)

|B|
× 100 (3)

where B is a set of buildings inspected as per a particular place, b a building

in B, |B| a number of buildings inspected, |B′| a number of buildings infested, C
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a collection of container categories, c a container category in C, αb,c and γb,c a

total number of indoor and outdoor wet containers with category c inspected for a

building b, and α
′

b,c and γ
′

b,c a total number of indoor and outdoor wet containers

with category c infested for a building b.

Statistical Data Analysis

A descriptive analysis was done to investigate types of breeding containers and

places that were primary sources for Aedes mosquito breeding. For breeding con-

tainers, different measurements were calculated: (i) breeding potentiality (BT) –

the percentage of each container category to total containers [7, 20]; (ii) breeding

productivity (BP) – the percentage of each container category infested [20] to de-

termine its larval productivity; (iii) breeding contribution (BC) – the percentage

contribution of each container category to total infested containers [20]; and (iv) the

breeding preference ratio (BPR) [7] of breeding contribution (BC) against breeding

potentiality (BT). Formally, BT, BP, BC and BT are defined as per Equations 4 -

7.

BT =

∑

bǫB

(αb,c + γb,c)

∑

bǫB

(αb + γb)
× 100 (4)

BP =

∑

bǫB

(α
′

b,c + γ
′

b,c)

∑

bǫB

(αb,c + γb,c)
× 100 (5)

BC =

∑

bǫB

(α
′

b,c + γ
′

b,c)

∑

bǫB

(α
′

b + γ
′

b)
× 100 (6)

BPR =
BC

BT
(7)

where B is a set of buildings inspected as per a particular place, b a building in

B, c a particular container category, α
′

b,c and γ
′

b,c a total number of indoor and

outdoor wet containers with category c infested for a building b, αb,c and γb,c a

total number of indoor and outdoor wet containers with category c inspected for a

building b, α
′

b and γ
′

b a total number of indoor and outdoor wet containers infested

for a building b, and αb and γb a total number of indoor and outdoor wet containers

inspected for a building b.

Similarly to breeding containers, places that accommodate those essential contain-

ers must be investigated to reflect the targeted vector control. DDC has classified
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Place Types Larval Indices Risk Levels

Villages HI = 0 very low risk

0 < HI ≤ 10 low risk

10 < HI ≤ 50 moderate risk

HI > 50 high risk

Other CI = 0 low risk

places 0 < CI ≤ 5 moderate risk

CI > 5 high risk

Table 3: Risk Levels of Aedes-borne Disease Transmission based on Larval Indices

risk levels of places based on their larval indices as shown in Table 3 [11]. In partic-

ular, places are expected to have promising vector control and hence be (very) low

risk places. Villages should thus have their HIs less than or equal to 10, while the

CIs of other places should remain 0. To assess larval productivity of places, place

productivity (PP), the percentage of each place category in moderate or high risk

levels, is thus calculated and formally defined as per Equation 8.

PP =

∑

pǫPt

LI(p)

|Pt|
× 100 (8)

LI(p) =







1, if HI(p) > 10 or CI(p) 6= 0

0, otherwise
(9)

where t is a particular place type, Pt a set of inspected places with type t, p a

place in Pt and LI(p) a function to evaluate the category of an appropriate larval

index as per a place p. It should be noted that HI is for villages while other places

rely on CI.

Results

Overall Key Breeding Containers and Places

All above measurements were computed to identify (i) the overall key breeding

containers for both indoor and outdoor locations; and (ii) the overall key places

that accommodated those essential containers. These investigations were designed

to unveil those key containers and places from time to time.

Figure 4 illustrates the overall breeding potentiality (BT) of containers, the per-

centage of each container category to total containers. Results of the investigation

demonstrated that potential containers for indoor location in each year of 2017

to 2019 were water tanks (64.0-66.2%). The rest containers varied from time to

time. The next potential containers in 2017 were vases (8.59%), other used con-

tainers (7.56%) and plant saucers (5.26%), while water drinking jars (9.93-11.9%)

and vases (6.9-8.61%) were for 2018 and 2019. Each of the rest containers had po-

tentiality below 5%. For outdoor location, each year had water tanks (36.0-44.2%)
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Figure 4: Overall Breeding Potentiality of Containers

with the highest BT. The rest containers varied from time to time. In 2017, lotus

basins (14.9%), other used containers (10.5%), plant saucers (8.5%) and unused

containers (7.2%) were the next potential containers. Lotus basins (14.9%), wa-

ter drinking jars (11.8%) and unused containers (7.29%) were for 2018 while lotus

basins (8.64%), other used containers (8.53%), vases (8.47%), water drinking jars

(7.76%) and unused containers (7.7%) were for 2019.

Figure 5 illustrates the overall breeding productivity (BP) of containers, the per-

centage of each container category infested with Aedes larvae. Results of the in-

vestigation demonstrated that productive containers in each year of 2017 to 2019

were similar in sequence. They were unused containers (9.67-17.54%), followed by

old tyres (9.74-17.42%), anti-ant bowls (6.06-15.11%), other used containers (7.56-
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7.74%), drip trays for water dispensers (4.73-8.15%), water tanks (4.72-7.13%) and

pet bowls (3.77-7.09%). Most of infested old tyres (9.14-16.83%), unused contain-

ers (8.54-15.67%), other used containers (5.62-6.24%) and pet bowls (1.03-2.16%)

were found at outdoor location, while anti-ant bowls (5.03-12.95%), drip tray of

water dispensers (4.11-6.62%) and water tanks (2.66-4.71%) were mostly at indoor

location.

Figure 5: Overall Breeding Productivity of Containers

Figure 6 depicts the overall breeding contribution (BC) of containers, the per-

centage contribution of each container category to total infested containers. Results

of the investigation demonstrated that contributed containers for indoor location in

each year of 2017 to 2019 were water tanks (72.8-73.9%) while each of the rest con-

tainers had contributed below 5%. For outdoor location, each year had water tanks

(32.6-39.1%) with the highest BC, followed by unused containers (15.9-20.2%), other

used containers (10.4-14.6%) and old tyres (9.29-10.3%).

Figure 7 shows the overall breeding preference ratio (BPR) of containers classified

by years (2017-2019) and 2 locations (indoor and outdoor). BPR for indoor con-

tainers slightly varied each year. The essential containers at indoor location were

pet bowls (1.32-4.21), unused containers (1.57-2.25), anti-ant bowls (1.40-2.55), old

tyres (1.41-1.85), other used containers (1.35-1.53), plant leaves (1.12-1.41) and wa-

ter tanks (1.10-1.13). For outdoor location, the common essential containers for

every year were unused containers (2.07-2.73), old tyres (2.12-2.61), anti-ant bowls

(1.11-1.82), drip tray of water dispensers (1.35-1.53), other used containers (1.33-

1.41) and plant saucers (1.31).

Figure 8 illustrates the overall place productivity (PP) classified by place types

and years. Interestingly, PP was decreased from time to time for all place types

except hotels. In particular, villages (53.36-66.63) had the highest PP, followed

by temples (43.45-55.96%), schools (31.84-44.46%), factories (24.34-46.36%), hotels

(26.12-33.01%) and hospitals (6.02-25.97%).
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Figure 6: Overall Breeding Contribution of Containers

Regional Key Breeding Containers and Places

The breeding preference ratio (BPR) and place productivity (PP) were computed

to identify regional key breeding containers and places. These were done based on

the combination of all larval survey data from 2017 to 2019 altogether.

Figure 9 illustrates the breeding preference ratio (BPR) of containers classified

by 4 regions (central, north, northeast and south) and 2 locations (indoor and

outdoor). For the Central region, indoor unused containers (2.49) had the highest

BPR, followed by old tyres (1.29) and water tanks (1.25). The Northern region

had indoor old tyres (2.51) with the highest BPR, followed by unused containers

(2.11), other used containers (1.84), anti-ant bowls (1.73), pet bowls (1.58) and

drip tray of water dispensers (1.29). In the Northeastern region, indoor pet bowls
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Figure 7: Overall Breeding Preference Ratio of Containers

Figure 8: Overall Place Productivity

(5.66) had the highest BPR, followed by anti-ant bowls (1.79), old tyres (1.67), plant

leaves (1.65), other used containers (1.51), drip tray of water dispensers (1.24) and

unused containers (1.11). For the Southern region, indoor old tyres (8.43) had the

highest BPR, followed by anti-ant bowls (2.90), unused containers (2.46), plant

saucers (2.20), other used containers (1.71), drip tray of water dispensers (1.35)

and water tanks (1.19). For outdoor locations, the common essential containers

for all regions were unused containers (1.61-2.67), old tyres (1.93-2.67), other used

containers (1.37-1.97) and drip tray of water dispensers (1.31-2.03). Besides this,

anti-ant bowls (2.05), vases (1.87) and water tanks (1.55) were also significant for

the Northeastern region. Figure 10 depicts the map of essential containers for both

indoor and outdoor locations by regions.

Figure 11 illustrates the place productivity (PP) classified by place types and 4

regions (central, north, northeast and south). Villages (53.25-58.88%) had the high-

est PP for the Central, Northern and Northeastern regions, followed by temples

(38.06-56.93%). Conversely, in the Southern region, temples (64.62%) had the high-

est PP, followed by villages (59.08%). The next places for all regions were schools

(26-54.85%), factories (21.67-34.59%), hotels (20.60-35.71%) and finally hospitals

(6.51-22.25%) with the lowest PP.
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Figure 9: Breeding Preference Ratio of Containers for 4 Regions

Figure 10: Essential Containers for 4 Regions

Regional Transmission Potentiality of Aedes-borne Diseases

The place productivity (PP) was computed to determine the regional transmission

potentiality of Aedes-borne diseases. Particularly, the more PP the region had, the

more transmission potentiality of Aedes-borne disease was likely. This was done
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Figure 11: Place Productivity for 4 Regions

based on the combination of all larval survey data from 2017 to 2019 altogether

regardless of place types.

Figure 12 illustrates the overall place productivity (PP) classified by regions. The

Southern region (44.84%) had the highest PP, followed by the Northern region

(42.37%), the Northeastern region (35.47%) and the Central region (30.42%). Sim-

ilarly, the Southern region (47.15%) had the highest proportion of high risk places

to moderate places, followed by the Northern region (44.51%), the Northeastern

region (40.29%) and the Central region (37.51%).

Figure 12: Overall Place Productivity by Regions

Discussion

In Thailand, according to Thai culture[2], water tanks were the most potential (fre-

quently found) containers for both indoor and outdoor locations. Although water

tanks were regularly used containers, they were found as the most contributed (fre-

quently infested) containers. Most abundance containers were unused containers,

[2]Water reservation is a typical for most houses.
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other used containers, old tyres, anti-ant bowls, drip tray of water dispensers and

pet bowls. These containers were considered as productive and contributed con-

tainers. Particularly, the productive and contributed unused containers, other used

containers and old tyres were found at outdoor location. The productive and con-

tributed anti-ant bowls and drip tray of water dispensers were sat on both indoor

and outdoor locations while pet bowls were found at indoor location. Beside these

artificial containers, plant leaves as natural containers were also recognized as pro-

ductive and contributed containers (for indoor location). It was thus important

to pay much attention to these artificial and natural containers at breeding loca-

tion preferences. Essentially, the garbage disposal in the environment surrounding

houses/buildings must be well managed. Old tyres must be transformed into useful

items. As for places, villages and temples were the top two riskiest places that ac-

commodated most of key breeding containers. Schools and factories were the next

risk places, followed by hotels and hospitals. To achieve (very) low risk places, the

prevention and control program must thus be regularly conducted for all places

regardless of their types.

For regional aspects, different regions had dissimilar geographies, climates and

livelihoods. They thus had different essential containers in term of the number and

types of containers in concern. However, they had essential containers in common

which were unused containers, other used containers, old tyres and drip tray of

water dispensers. Particularly, unused containers and old tyres were found at both

indoor and outdoor locations for all regions. The rest containers were at only out-

door location for the Central region, while other regions had them at both indoor

and outdoor locations. Besides these common containers, water tanks were essential

for the Central and South regions. Pet bowls and anti-ant bowls were significant

for the Northeastern and Northern regions. Plant saucers were for the Northeast-

ern and Southern regions. Essentially, the Northeastern region must be aware of 9

different containers types, followed by the Southern (7), Northern (6), and Central

(5) regions. As for places, all regions had similar experiences in which villages and

temples were the top two riskiest places, followed by schools, factories, hotels and

hospitals. Moreover, all regions had suffered with moderate and high risk places

above 30% of all places and hence high transmission potentiality of Aedes-born dis-

eases. The Southern region was found with the most number of moderate and high

risk places, followed by the Northern, Northeastern and Central regions. This was

due to the fact that the Southern region had rainfall for 8 months while it took

about 5 months for the other regions.

The empirical evidence had shown that the breeding productivity of most con-

tainers and places in each particular type was gradually decreased from time to

time. This was mainly because TanRabad SURVEY made significant contributions:

(i) all prevention and control actions toward those essential containers and places

could promptly be directed to community participants via health education; and

(ii) the strategic prevention and control program could effectively be developed and

implemented which was driven by spatially and temporally collected larval survey

data.



Sahavechaphan et al. Page 16 of 17

Conclusions

The descriptive analysis of larval survey data from 2017 to 2019 had shown that

(i) the regularly used containers (e.g. water tank), abundance containers (e.g. un-

used containers, other used containers, old tyres, anti-ant bowls, drip tray of water

dispensers and pet bowls) and natural containers (e.g. plant leaves) were essential

breeding containers; (ii) villages and temples were the top two riskiest places, fol-

lowed by schools, factories, hotels and hospitals; (iii) different regions had different

essential breeding containers due to dissimilar geographies, climates and livelihoods;

(iv) all regions had high transmission potentiality of Aedes-born diseases as above

30% of all their places were moderate and high risk places; and (v) the breeding

productivity of most containers and places in each particular type was gradually

decreased from time to time due to the benefits of TanRabad SURVEY. The key mes-

sages for controlling Aedes mosquito larvae would be the introduction of biological

agents, the garbage disposal in an environment and the transformation of old tyres

into useful items.
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immature forms distribution according to type of breeding site. The American Journal of Tropical Medicine and

Hygiene 80(3), 401–404 (2009). doi:10.4269/ajtmh.2009.08-0175

20. Ferdousi, F., Yoshimatsu, S., Ma, E., Sohel, N., Wagatsuma, Y.: Identification of essential containers for aedes

larval breeding to control dengue in dhaka, bangladesh. Tropical Medicine and Health 43(4), 253–264 (2015)

21. Department of Disease Control: Larval Survey Guideline for the surveillance of Aedes-borne diseases.

https://ddc.moph.go.th/uploads/ckeditor2/lavaservay manual.pdf (2019)

22. Focks, D.A.: A Review of Entomological Sampling Methods and Indicators for Dengue Ventor.

https://apps.who.int/ iris/bitstream/handle/10665/68575/TDR IDE DEN 03.1.pdf (2003)

23. World Health Organization: Dengue Guidelines for Diagnosis, Treatment, Prevention and Control, New edn.

WHO, Geneva, Switzerland (2009)

24. Focks, D.A., Alexander, N.: Multicountry Study of Aedes Aegypti Pupal Productivity Survey Methodology:

Findings and Recommendations. WHO, Geneva, Switzerland (2006)

25. World Health Organization: Vector Surveillance.

https://www.who.int/denguecontrol/monitoring/vector surveillance/en/ (2020)

26. Sahavechaphan, N., Rattananen, M., Wongwilai, W., Chatrattikorn, A., Wongchingchai, N., Noothong, W.,

Panickphol, P., Sadakorn, P., Iamsirithaworn, S.: TanRabad: Software Suite for Dengue Surveillance and

Control. https://www.tanrabad.org (2016)

27. Sahavechaphan, N., Rattananen, M., Panickphol, P., Wongwilai, W., Iamsirithaworn, S., Sadakorn, P.:

Tanrabad: Software suite for dengue epidemic surveillance and control. International Journal of Infectious

Diseases 53, 118 (2016)

28. Department of Mineral Resources: Geology of Thailand.

http://www.dmr.go.th/main.php?filename=GeoThai En (2016)

29. Meteorological Department: Thailand Climate. https://www.tmd.go.th/en/archive/thailand climate.pdf (2015)

30. World Health Organization: Guideline for Dengue Surveillance and Mosquito Control, 2nd edn. WHO, Manila

(2003)

Figure Legends

All figures in this article are our own. To use them, please simply cite this article and acknowledge TanRabad, a

software suite that supports the prevention and control of Aedes-borne diseases.



Figures

Figure 1

Container Habitats

Figure 2
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Figure 3

Study Area. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.



Figure 4

Overall Breeding Potentiality of Containers



Figure 5

Overall Breeding Productivity of Containers



Figure 6

Overall Breeding Contribution of Containers



Figure 7

Overall Breeding Preference Ratio of Containers

Figure 8

Overall Place Productivity



Figure 9

Breeding Preference Ratio of Containers for 4 Regions



Figure 10

Essential Containers for 4 Regions. Note: The designations employed and the presentation of the material
on this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 11

Place Productivity for 4 Regions

Figure 12

Overall Place Productivity by Regions


