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COMMENTARY

Scientific achievements and reflections 
after 20 years of vector biology and control 
research at the Pu Teuy mosquito field research 
station, Thailand
Patcharawan Sirisopa1, Chutipong Sukkanon2, Michael J. Bangs1, Sutkhet Nakasathien3, Jeffrey Hii4, 
John P. Grieco5  , Nicole L. Achee5  , Sylvie Manguin6   and Theeraphap Chareonviriyaphap1*   

Abstract 

Additional vector control tools are needed to supplement current strategies to achieve malaria elimination and con-
trol of Aedes-borne diseases in many settings in Thailand and the Greater Mekong Sub-region. Within the next decade, 
the vector control community, Kasetsart University (KU), and the Ministry of Higher Education, Science, Research and 
Innovation must take full advantage of these tools that combine different active ingredients with different modes of 
action. Pu Teuy Mosquito Field Research Station (MFRS), Department of Entomology, Faculty of Agriculture, Kasetsart 
University (KU), Thailand was established in 2001 and has grown into a leading facility for performing high-quality 
vector biology and control studies and evaluation of public health insecticides that are operationally relevant. 
Several onsite mosquito research platforms have been established including experimental huts, a 40-m long semi-
field screening enclosure, mosquito insectary, field-laboratory, and living quarters for students and researchers. Field 
research and assessments ranged from ‘basic’ investigations on mosquito biology, taxonomy and genetics to more 
‘applied’ studies on responses of mosquitoes to insecticides including repellency, behavioural avoidance and toxicity. 
In the course of two decades, 51 peer-reviewed articles have been published, and 7 masters and 16 doctoral degrees 
in Entomology have been awarded to national and international students. Continued support of key national stake-
holders will sustain MFRS as a Greater Mekong Subregion centre of excellence and a resource for both insecticide 
trials and entomological research.
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Background
The long-term effectiveness of current approaches to 
malaria control such as artemisinin-based combination 
therapy, indoor residual spraying and insecticide-treated 
materials are undermined by increasing antiparasitic 
drug resistance, physiological resistance and behavioural 

responses of mosquito vectors to insecticides [1, 2]. 
Controlling Aedes species, a cosmo tropical vector of 
dengue, yellow fever, Chikungunya and Nipah viruses 
remains difficult due to weak evidence from appropri-
ately designed trials to reach a conclusion about any of 
the control methods available [3, 4] Consequently, there 
is an increasing need for new strategies that exploit 
novel aspects of vector genetics, physiology, behaviour 
and ecology. These innovations must be drawn from an 
understanding of vector biology within natural transmis-
sion settings if they are to yield rapid, locally appropriate 
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strategies for disease control [5]. For example, the com-
bination of laboratory and confirmatory field studies led 
to a new paradigm for classifying chemicals used for vec-
tor control according to how the chemicals actually func-
tion to prevent disease transmission inside houses. It was 
proposed that the new classification scheme will charac-
terize chemicals on the basis of spatial repellent, contact 
irritant and toxic actions [6] which partly explains the 
excito-repellency effect of DDT in reducing human-vec-
tor contact field-based experimental hut studies in for-
ested areas of Thailand [7].

Indeed, closer integration of laboratory-based excito-
repellency box (ERB) test systems and field experimental 
hut studies showed the complexity of the impact of insec-
ticides on levels of behavioural responses of Anopheles 
species, and the role of behavioural resistance in reduc-
ing the selection pressure and spread of insecticide resist-
ance [8]. Additional studies have shown that the success 
of ERB assays depends on the procedural ease for intro-
ducing and removing female mosquitoes in a semi-field 
system which is “ideally situated within the natural eco-
system of the target disease vector and exposed to ambi-
ent environmental conditions, within which all features 
necessary for its lifecycle completion are present” [5, 
9–11]. These limitations may account for the lack of pre-
cise estimates of the value and variability of the repelling 
effect of any product inhibiting outdoor biting versus its 
killing and disarming (preventing host-seeking until the 
next night) effects based on human landing collection 
data obtained from controlled Semi-Field System (SFS) 
experiments [12]. Clearly, to assess the effectiveness of 
candidate tools in an early stage of product development, 
intermediary testing grounds between the laboratory 
and field within disease-endemic countries are needed to 
fight outdoor malaria transmission and Aedes-borne viral 
diseases [13].

It is crucial for vector-borne disease control pro-
grammes to enhance the vector biology and control 
research activities and importantly for policy makers 
to prioritize evidence-based intervention strategies. 
Control of vector borne diseases in Thailand, like else-
where, largely depends on vector management [13]. In 
this regard, the Department of Entomology, Faculty of 
Agriculture, KU, Thailand, established the Pu Teuy Mos-
quito Field Research Station (MFRS) in 2001 located in 
Kanchanaburi Province with experimental huts, a 40-m 
long semi-field system (SFS) enclosure, mosquito insec-
tary, field-laboratory, and living quarters for students and 
researchers. Because the abundance and composition of 
vectors within the SFS can be known a priori, experimen-
tal manipulation (either at the time of introduction, or 
through removal of some target individuals) can produce 
much more precise estimates of the value and variability 

of demographic and life-history parameters than would 
be from direct field observations [5]. Additionally, SFS 
also enables additional entomological endpoints beyond 
simply HLC – i.e. mortality, disarming, fecundity that 
would not be possible in open field trials. MFRS is one 
of the few research stations in the world that has opera-
tional SFS in the Asia–Pacific region while others are 
mostly located in Sub Saharan African countries, for 
example in Burkina Faso, Sudan, Kenya, Tanzania and 
Zambia [5, 14–17]. At ÷the Ifakara Health Institute in 
southern Tanzania where one of the world’s biggest SFS 
was established in 2005, several vector biology, ecology, 
parasite-vector interaction, chemical efficacy studies on 
Anopheles arabiensis and other mosquito vectors have 
been conducted [5, 18]. Similarly, studies of several Afri-
can malaria vectors were studied at Mbita Point Field 
Station in western Kenya [19]. Experimental huts are 
important alternatives to use of actual human dwellings, 
because of ethical regulations governing human partici-
pants in mosquito behaviour and pesticide studies. The 
huts are recommended by the World Health Organiza-
tion (WHO) for assessing the efficacy of indoor residual 
spraying and insecticide treated nets (ITNs) during the 
second phase of testing protection potential insecticidal 
products [20, 21] As the design of the huts varies across 
different regions, with diversity of Anopheles and Aedes 
mosquito behaviours, several Asian design experimen-
tal hut studies in Thailand have been described in this 
paper. Currently there are two sites with SFS, one, MFRS 
in Kanchanburi Province, and the second AFRIMS field 
station in Kamphaeng Phet Province [22]. As a strategic 
resource for conducting vector related research during 
the last two decades, the MFRS offers excellent oppor-
tunity to study the impact of pesticides, repellents and 
parasite-vector interactions [5].

Under a collaborative agreement between KU and 
the Thai Military Development Office, the Department 
of Entomology, Faculty of Agriculture, KU, has main-
tained MFRS to support entomological research of vari-
ous insect species of public health importance, especially 
mosquitoes and dipteran flies. Over the past two decades, 
a total of 80 undergraduates and 23 postgraduates (7 
masters and 16 doctorate students) conducted research 
projects at MFRS and published 51 peer-reviewed arti-
cles in national and international journals. Basic entomo-
logical research pertaining to the biology and taxonomy 
of various insect species, especially mosquitoes, were 
studied in considerable detail. Various mosquito trap-
ping systems such as, the BG-Sentinel™ (BGS) trap [23] 
have been developed, and tested utilizing experimental 
huts constructed in  situ. Insecticide efficacy tests such 
as those conducted to evaluate mosquito behavioural 
responses using the excito-repellency assay system, and 
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toxicity tests have also been carried out at this field sta-
tion [24–26]. In addition, several national and interna-
tional training courses on Malaria Vector Surveillance 
for Elimination (MVSE), vector identification and vector 
surveillance by the French Research Institute for Sustain-
able Development (IRD), and field training on new mos-
quito surveillance methods supported by the Asia Pacific 
Malaria Elimination Network (APMEN) have been con-
ducted at this field research station.

The aim of this paper was to compile and consolidate 
the history and publications on vector biology, vector 
control and the main research activities conducted at the 
MFRS over the past 20  years. The research programme 
is crucial to the development of a district-focused MFRS 
capable of generating new knowledge and information 
for public health policy and action. Thus, it was envi-
sioned that the MFRS will become a centre of excellence 
and innovation in vector control research and develop-
ment with aspiration of becoming a leading public health 
field research institute in the Greater Mekong subregion 
and globally.

Landscape
The MFRS is located in an area vegetated with screw pine 
trees (Pandanus tectorius) and perennial underground 
streams and provided an adequate environment for sci-
entific resource of high academic research for KU. Pu 
Teuy Village is one of the eleven villages of Ban Ta Sao 

Sub-district, Sai Yok District, Kanchanaburi Province, 
western Thailand (14˚ 17́́́ N, 99˚11́ E, 310 m asl) (Fig. 1A). 
It is located near the Sai Yok Noi Waterfall, a beautiful 
tourist attraction in the Valley of Khwae Noi River among 
the Tenasserim hills area. Pu Teuy Village has a popula-
tion of 939 inhabitants whose major occupation is agri-
culture [27] and forest activities, principally logging, 
hunting, forest food gathering and forest protection [28]. 
The MFRS is situated at the base of a hilly terrain mostly 
surrounded by thick natural and planted forests, approxi-
mately 800 m from the nearest house in the village. The 
main water body near the site is a narrow effluent stream 
that flows from the base of the hills under native vegeta-
tion [28] (Fig. 1B). The thick forest cover and water body 
provide a conducive breeding ground for many local 
mosquito vectors such as Anopheles minimus, Anopheles 
harrisoni, Anopheles dirus, Anopheles maculatus, and 
Stomoxys spp. [29, 30].

Although, human activities in the area have gradually 
increased such as deforestation, hunting and forest food 
gathering, the natural environment of Pu Teuy Village 
has remained relatively intact sustaining its current mos-
quito species composition [31]. For example, the medi-
cally important An. minimus complex comprising An. 
minimus sensu stricto (s.s.) and An. harrisoni is abundant 
and maintained in a numerical ratio of 1:3 since 2002 
[32]. Recent records showed that > 90% of An. minimus 
complex belongs to An. harrisoni [33–35].

Fig. 1  Map of Thailand with A Kanchanaburi Province, in western region and B satellite map of Pu Teuy Village where Pu Teuy Mosquito Vector 
Research Station is located, yellow dots represented the stream near the field station
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Vector‑borne diseases status and vector control strategies 
in Sai Yok District, Kanchanaburi Province
Despite decades of organized vector control efforts, 
vector-borne diseases remain persistent threats and con-
tinue to impose a public health burden to vulnerable pop-
ulations in receptive areas of Thailand [8]. Among these 
areas, Kanchanaburi Province is endemic for malaria and 
dengue, the two most commonly notifiable infections 
along with a few cases of lymphatic filariasis, Zika, and 
Chikungunya [4].

As one of the districts with a high incidence of vector-
borne diseases, Sai Yok District lies in the tropical cli-
mate zone conducive for perennial malaria transmission 
with most cases reported during the wet season (May 
to November) [36]. Between 2004–2020, the number of 
malaria cases detected by MOPH in Sai Yok District fell 
from 1,007 to 92 cases, but this decline was reversed due 
to a sharp increase from 8 (2017) to 149 cases in 2019 
(Fig.  2). In 2020, the annual parasite incidence (API) of 
malaria in Sai Yok District was 92 cases per 1,000 popula-
tion [37], and a parasite ratio of 0.98 (Plasmodium vivax): 
0.02 (Plasmodium falciparum). At the same time, dengue 
incidence increased from 2 in 2004 to 81 cases in 2019; 
and a drop to 28 cases in 2020 [37]. As of 2021, Sai Yok 
District was identified as a dengue risk area [4].

The ecology and behaviour of mosquito vector pop-
ulations are key determinants for selecting the most 
appropriate and efficacious intervention methods for 
the control of vector-borne diseases and transmission 

risk. Based on WHO’s Phase 1 and 2 insecticide trials 
[38], malaria and dengue control is based on preven-
tion of vector-host contact. Malaria preventive meas-
ures include the use of chemical insecticides, especially 
topical repellents, indoor residual spraying (IRS) and 
long-lasting insecticidal nets (LLINs). In Sai Yok Dis-
trict, IRS with residual dichloro-diphenyl-trichloro-
ethane (DDT) was routinely used for several decades 
until it was replaced with deltamethrin in 2000, sup-
plemented by ITNs and LLINs to-date [33, 37]. Com-
munity-based interventions (CBIs) are integrated with 
public health programs to tackle and control the expan-
sion and emergence of dengue and vector-borne dis-
eases (VBDs) in Sai Yok District and endemic areas. 
Residual malaria transmission is recognized as an issue 
for investigation and intervention [39, 40], but there is 
no consensus yet on how to quantify this concept [41]. 
Novel tools to interrupt residual transmission and com-
plement core vector control tools are under develop-
ment, such as improved outdoor adulticide spraying, 
outdoor adulticide delivery technology, volatile pyre-
throids (VPs), mosquito traps, insecticide-treated bar-
rier fencing, zooprophylaxis with systemic insecticides, 
lethal ovitraps, attract and kill solutions (e.g. attrac-
tive toxic sugar baits; oviposition lures; mating swarm 
lures), auto-dissemination of insecticides, larvicide 
delivery and insecticide treated net, cloth and blanket 
[42, 43].

Fig. 2  Number of dengue and malaria cases in Sai Yok District, Kanchanaburi Province, from 2003 to 2020 [37]
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Study site
The first mosquito study in Pu Teuy was conducted in 
2001 [28, 49] given the favourable geography and land-
scape ecosystem for experimental mosquito vector 
research. The original field station comprised a 3-room 
temporary house and two experimental huts erected a 
few metres from the upper part of a stream that flows 
from the thick native forest surrounding the station, 
in the middle of Pu Teuy Village (Fig. 3). The huts were 
designed to assess efficacies of house-hold mosquito con-
trol interventions, such as insecticide-treated mosquito 
nets (ITNs) or indoor house spraying with residual insec-
ticides (IRS), and provided information on the actual 
entry of mosquitoes, resting duration, indoor mortal-
ity or  mortality after leaving the huts, and indoor feed-
ing behaviours on human occupants. From 2007, the site 
facility was expanded to include a permanent insectary, 
an experimental room, a semi-field screened enclosure, 
and four experimental huts along with a resting station 
(Figs.  4 and 5) for conducting field experiments and 

trials. In this paper, the research activities carried out 
at the MFRS are divided into 2 main groups: (1) basic 
research studies on vector biology, taxonomy, genetics 
and toxicology, and 2) applied research studies focus-
ing on response of mosquitoes to insecticides (repellents 
and non-repellents), using various methods ranging from 
diverse trapping systems, excito-repellency assay sys-
tems, semi-field screened enclosure and experimental 
huts fitted with window and door traps.  

Publications between 2001 and 2021
From 2001 to 2021, 51 publications linked to several 
research projects conducted at MFRS comprised of 13 
(25.5%) basic scientific investigations on mosquito biol-
ogy (10 publications), taxonomy (2 publications) and 
genetics (1 publication) (Table 1). In the applied science 
area, a total of 38 (74.5%) studies ranging from insecticide 
susceptibility (4 publications), excito-repellency assay 
systems (20 publications), high through-put test system 
(3 publications), and semi-field screened enclosure (3 

Fig. 3  A and B: Mosquito larval habitats and surrounding in Pu Teuy study site and  C and D: Anopheles larval collecion
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publications), or experimental huts fitted with window 
and door traps (8 publications) were published (Table 1).

Peer reviewed published papers on Aedes and Anoph-
eles species revealed 27 (53%) publications on Aedes spp., 
including 26 studies on Aedes aegypti and one on Aedes 
albopictus (Table  2). A total of 24 (47%) publications 
focused on Anopheles spp., including An. minimus (7), 
An. dirus (5), An. harrisoni (3), An. barbirostris complex 
(2), and Anopheles sawadwongporni (1). Among these 24, 
six publications demonstrated the occurrence of sympat-
ric species, including 2 on An. maculatus and An. sawad-
wongporni of the Maculatus Group [44, 45], 2 on An. 
minimus and An. harrisoni of the Minimus Complex [31, 
46], one on An. dirus and Anopheles baimaii of the Dirus 
Complex [25], and one on the co-occurrence of An. har-
risoni along with Aedes aegypti [47].

The need for new vector control tools and the future role 
of insecticides
A better understanding of plasticity in host choice is 
critical for attributing disease reductions to the correct 
control mechanisms and is key to implementing the most 

effective malaria control strategy. This requires a study 
design for describing: how mosquito bites are distrib-
uted among different host species; how host choice is 
impacted by local host availability; and how this behav-
iour is impacted in the presence of different control 
measures (e.g., ITNs or IRS). Evaluating these parameters 
in different eco-epidemiological settings among vulner-
able communities before and after mass distribution of 
novel vector control tools is an important focus of future 
work. Whilst host choice is not necessarily always domi-
nated by extrinsic factors, it is important to determine 
how much this behaviour varies in different settings and 
what the key drivers are. Secondly, many of the dominant 
malaria vectors in Pu Tuey feed and rest outdoors, yet 
there is limited available protection against mosquito bit-
ing outdoors for at-risk populations [33, 40]. Pyrethroid 
resistance is on the rise in secondary vectors across the 
region, with increasing risk for emergence among domi-
nant vectors [39]. Outdoor human activities in forests, 
including socializing during the evenings, delayed or 
late sleeping times and low bed net usage contribute to 
increased exposure to outdoor and indoor biting vectors 

Fig. 4  A: Human landing collections, B: Anopheles larval collection near Pu Teuy station, and C and D: cow-bait collections at Pu Tuey station 
Kanchanaburi Province
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[39]. Furthermore, all indoor control methods are ulti-
mately unable to address residual transmission that 
occurs when people are inadequately protected by either 
IRS or LLINs [48, 49]. Residual transmission is likely to 
be holding back elimination in sub-districts and hotspots 
where core control tools have been deployed to scale 
whilst low levels of transmission stubbornly persist, year 
after year [37]. There is, therefore, an urgent need for 
new, more effective classes of vector control tools with 
different modes of action, as well as innovative strategies 
for their deployment to complement existing tools.

Blood‑feeding activity, host preference, and seasonal 
abundance studies of Anopheles mosquitoes
A good understanding of vector ecology, biology and 
behaviour of local Anopheles species is critically impor-
tant to determine their responses to vector control and 
role in malaria transmission. This requires next gen-
eration vector surveillance tools to monitor behavio-
ral responses, vectorial capacity, vector competence, 
comparative risk of pathogen transmission, which are 
needed in the design of locally derived and adapted 

vector control tools and strategies [50] (Fig.  4). Using 
HLC and CBC traps, Sungvornyothin et al. [33] reported 
the sympatric occurrence of molecularly-confirmed An. 
minimus s.s. and An. harrisoni in Pu Teuy, and preference 
of An. harrisoni to feed outdoor with a feeding peak at 
19.00–20.00 h. However, the small number of An. mini-
mus precluded a determination of its peak activity pat-
terns. Overall, both species were more attracted to cattle 
than to humans ((An. minimus: 81.2%; An. harrisoni: 
81.8%), more exophagic (An. minimus:15.8%; An. har-
risoni: 15.4%) than endophagic (An. minimus: 2.9%; An. 
harrisoni:2.9%), irrespective of the season. Blood-feeding 
by An. dirus commenced immediately after sunset with a 
distinct peak of activity at 19.00–20.00 h and were more 
attracted to cattle than to humans, whereas An. baimaii 
females were equally attracted to both humans and cattle. 
Both species are sympatric and predominantly inhabit 
forest and forest-fringe [51]. This result was slightly dif-
ferent from Tananchai et al. [52] who found significantly 
greater numbers of An. dirus and An. baimaii collected 
from cattle baited traps as compared to human landing 
collections (P < 0.05), demonstrating that both species 

Fig. 5  A and D: First experimental huts constructed to study mosquito responses to chemicals at the mosquito field research station (MFRS) in Pu 
Teuy; B: outside view and C: the inside view  showing the entrance traps on one of the hut openings [29]
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Table 1  Fifty one peer-reviewed publications by research categories conducted in Pu Teuy Village study site, Kanchanaburi Province 
between 2001 and 2021

Year Research category Number Subject area Publication

2003–2019 Basic Science 13

2003 Biology [28]

2005 Biology [29]

2006 Biology [78]

2006 Biology [33]

2006 Taxonomy [34]

2008 Biology [79]

2008 Genetics [31]

2009 Biology [80]

2009 Biology [81]

2009 Biology [45]

2012 Biology [52]

2019 Taxonomy [73]

2021 Biology [74]

2001–2020 Applied science 38 Vector Control

2001 Excito-repellency system [24]

2004 Excito-repellency system [82]

2005 Excito-repellency system [83]

2006 Excito-repellency system [44]

Year Research category Number Subject area Publication

2007 High throughput screening system/experimental huts [6]

2008 Excito-repellency system [47]

2008 Insecticide/experimental huts [63]

2008 Insecticide susceptibility [84]

2009 Excito-repellency system [85]

2009 Excito-repellency system [86]

2009 Bottle assay & high-throughput screening system [87]

2010 Insecticide/experimental huts [88]

2010 High throughput screening system [89]

2010 HLC/experimental huts [64]

2011 Excito-repellency system [90]

2011 Excito-repellency system [70]

2011 Excito-repellency system [69]

2012 BGS traps/ Semi-field [56]

2012 Insecticide susceptibility [91]

2012 Excito-repellency system [92]

2012 Insecticide /experimental huts [93]

2013 Excito-repellency system [94]

2013 BGS-traps/ Semi-field [23]

2013 Push–pull system/experimental huts [95]

Year Research category Number Subject area Publication

2013 Insecticide/experimental huts [96]

2014 Excito-repellency system [97]

2014 Excito-repellency system [98]

2014 Excito-repellency system [99]

2014 Excito-repellency system [100]

2014 Excito-repellency system [101]
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show a strong zoophilic behavior. The limitation of this 
ecological study was the explicit lack of the role of extrin-
sic factors, such as the influence of local host availability 
and indoor/outdoor trapping location, on host selection 
by An. minimus and An. harrisoni [33].

Tananchai et al. [52] also documented the influence of 
rainfall on seasonal abundance of Anopheles mosquitoes 
and showed a positive correlation of adult densities with 
increased rainfall during July to August 2010 at Pu Teuy 
village. This supports previous observations of high rain-
fall supporting larval habitats for An. dirus that prefers 
temporary breeding ground habitats in Thailand [53], 
India [54] and Bangladesh [55]. An inverse relationship 
with rainfall for An. minimus [33] and An. maculatus was 
seen in the same locality [45] as these two species prefer 
breeding at the edges of slow-running streams [28, 33]. 
However, a negative association was found with a higher 
mean ambient temperature and relative humidity [51].

Semi‑field studies
Several semi-field system (SFS) experiments were con-
ducted to evaluate the performance of BGS traps under 

varying mosquito population densities and the effects of 
spatial repellents on mosquito behaviours. In 2012, Sala-
zar et al. [56] determined the feasibility of using the BG-
Sentinel™ mosquito trap (BGS) as the pull component 
in a push–pull strategy to reduce indoor biting by Aedes 
aegypti at MFRS-SFS. Overall, the BGS trap was effec-
tive in recapturing three to five-day-old Ae. aegypti and 
recapture rates varied with BGS trap density and size of 
released mosquitoes. The highest cumulative percent-
age recapture over a 24 h period reached 98%, which is 
useful to guide the configuration and optimal trap num-
bers as part of a push–pull vector control strategy cur-
rently at the proof-of-concept stage of development in 
Thailand. Salazar et  al. [23] measured BGS recapture 
rates of Ae. aegypti test cohorts that were exposed to 
either spatial repellent (SR) or control (chemical-free) 
treatments within SFS. Minimal and short-lived impacts 
(i.e., reduced attraction) on BGS trap catches following 
exposure to two volatile pyrethroids (VPs), transfluthrin 
(TFT) and metofluthrin), with no change in recapture 
densities on DDT as compared to matched controls. 
These findings suggest a combined SR and BGS approach 

Table 1  (continued)

Year Research category Number Subject area Publication

2015 Excito-repellency system [102]

2016 Excito-repellency system [25]

2017 BGS traps/ experimental huts [103]

2018 BGS traps/ experimental huts [65]

2018 Insecticide susceptibility [104]

2019 Insecticide susceptibility [105]

2020 Excito-repellency system [43]

2021 Semi-field, outdoor [46]

Table 2  Published papers on Aedes and Anopheles species in Pu Teuy Village, Kanchanaburi Province (2001–2021)

Mosquitoes Number Publications

Aedes aegypti 26 [6, 29, 64, 78, 81, 84–87, 89–91],
[23, 56, 93–102],
[65, 103]

Aedes albopictus 1 [79]

Anopheles barbirostris complex 2 [73, 74]

Anopheles dirus 5 [52, 80, 88, 92, 105]

Anopheles harrisoni 3 [43, 69, 70]

Anopheles minimus 7 [24, 28, 33, 34, 63, 83, 104]

Anopheles sawadwongporni 1 [82]

Anopheles maculatus & Anopheles sawadwongporni 2 [44, 45]

Anopheles dirus & Anopheles baimaii 1 [25]

Anopheles minimus & Anopheles harrisoni 2 [31, 46]

Aedes aegypti & Anopheles harrisoni 1 [47]
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is an effective push–pull strategy to reduce Ae. aegypti 
adults in and around homes.

In 2021, Sukkanon et  al. [46] evaluated a SR proto-
type which is a passive emanator of airborne TFT for 
protecting humans against host-seeking mosquitoes. A 
plastic polyethylene terephthalate (PET) sheet (676 cm2) 
treated with 55 mg TFT (TFT-PET) was attached to the 
back of short-sleeve vest worn by a human mosquito col-
lector in a semi-field and outdoor forested area. Field-
caught, nonblood-fed female An. minimus were released 
in a 40 m length SFS where two collectors positioned at 
opposite ends conducted 12-h human-landing collections 
(HLC) over 30 replicates or nights. Although the protec-
tive efficacy of 67% between TFT-PET (intervention) and 
PET (untreated control) users was obtained in SFS, this 
level of protection was not replicated in outdoor setting 
where TFT-PET provided only 16% protection against 
An. harrisoni compared with an unprotected collector 
(P = 0.0213). The TFT-PET vest reduced non-anophe-
lines landing by 1.4-fold compared with the PET control 
with a 29% protective efficacy. Given the diminished pro-
tective efficacy of TFT-PET in an open field environment, 
further research using different transfluthrin-treated for-
mats is being planned.

During 2016–2020, studies were conducted on plant-
based mosquito repellents [26, 57–59] in the SFS 
enclosure at MFRS. Evaluation of a binary mixture of 
β-caryophyllene (BCO) and an essential oil (EO) applied 
on two collectors positioned at the opposite end of the 
SFS showed that BCO-EO repellent provided a protec-
tive time against laboratory-reared Aedes aegypti bites 
for 4.7  h. Plant-based BCO-EO repellents may be more 
acceptable, practical and effective than contact insecti-
cides for preventing outdoor biting mosquitoes but infe-
rior than vapour-phase (spatial) repellents because they 
need not be applied to skin or clothing and may protect 
multiple occupants of spaces outside of treatable struc-
tures such as nets or houses [60].

The need for innovative spatial repellents, treated clothing 
and their future role
Repellent technologies are important tools in the arsenal 
for preventing the spread of mosquito-borne diseases. 
Within this class, botanical and other biorational repel-
lents [61] are diverse and are promising alternatives to 
synthetic pyrethroid spatial repellents, which are largely 
ineffective against pyrethroid-resistant mosquito vec-
tors. Repellents target a wide variety of odorant receptors 
and physiological targets, suggesting that the potential 
for resistance to these chemistries is sufficiently low [62]. 
KU is currently conducting efficacy trials of spatial repel-
lents in SFS for the Bite Interruption towards Elimina-
tion (BITE) Project sponsored by the Innovative Vector 

Control Consortium (IVCC). Current and future studies 
directed toward the development of long-lasting repel-
lents could lead to promising alternatives to synthetic 
repellent formulations that are currently on the market.

Experimental hut studies
Numerous studies that accurately measure the behav-
ioural responses of indoor biting mosquitoes to insecti-
cides using experimental huts were conducted during 
2005 to 2018. In 2005, the first design of experimen-
tal hut (Fig. 5). measuring 4 m wide × 5 m long × 3.5 m 
high with three windows (1.125 × 1.175 m) and one door 
(0.8 × 2  m) affixed with entrance and exit traps (Fig.  4B 
and C) and constructed in the fashion of indigenous Thai 
homes was evaluated by Chareonviriyaphap et  al. [29]. 
Assessment of the endophilic behaviour of Aedes aegypti 
showed a high degree of movement through the windows 
and doors in the huts with peaks of entry occurring at 
08.40–10.40 h and 12.40–13.20 h, and peak of exit occur-
ring at 16.40–17.40 h [29].

Baseline biting patterns of Anopheles minimus complex 
in experimental huts treated with DDT and deltamethrin 
showed peak activity of An. minimus females at 19:00–
22:00 whereas post-treatment exposure showed greater 
landing activity during the first half of the evening [63]. 
In general, most of An. minimus females entered the hut 
treated with deltamethrin compared to DDT. The hut 
fitted with DDT-treated net panels showed a significant 
71.5% decline in attempted blood feeding compared to 
42.8% human-landing reduction in deltamethrin-treated 
panels (P < 0.005) [63] suggesting excito-repellency or 
deterrence of DDT.

In 2010, Chareonviriyaphap et  al. [64] made several 
modifications of the experimental huts which included: 
(1) a raised platform to prevent structural damage from 
termites and soil moisture; (2) cement ant traps placed 
underneath the raised platform to prevent predation 
of knock-down mosquitoes during chemical trials; (3) 
a walkway around the perimeter of the hut to facili-
tate mosquito removal from window and door traps (4) 
increased airflow between the ceiling and exterior roof 
to aid indoor heat dissipation and; 5 conducted weather 
station at MFRS (Figs.  6 and 7). A follow up evaluation 
of these unsprayed huts using field-reared Ae. aegypti 
mosquitoes validated the modification which served as 
a standard for studying mosquito entry and exit behav-
iours as part of the push–pull strategy of the research 
programme [59].  

In 2018, Salazar et  al. [65] refined the ‘‘push–pull’’ 
strategy by varying the distance from human-occu-
pied experimental huts for the placement of the ‘‘pull’’ 
component (BGS traps) to maximize the capture 
of mosquitoes. BGS traps were placed at portals of 
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entry (windows or doors) or corners and at 0, 3 and 
10  m from the huts. The location optimization trials 
revealed higher trap capture rates and reduction in 
entry of mosquitoes when the BGS traps were posi-
tioned nearer the experimental hut portals of entry 
than those placed in the corner of the huts [60].

In conclusion, experimental huts provide an 
improved system that can be used to realistically study 
the natural behaviour of wild free-flying populations of 
pathogen-transmitting mosquitoes and to evaluate the 
efficacy of various trap-based control strategies as well 
as LLINs and IRS. Their efficacy is enhanced by the 
addition of both eave and window traps thus making 
the design suitable for studying a wide range of mos-
quito entry and exit behaviours. The traps fitted onto 
the huts have eave baffles to control mosquito exit, 
which improve data reliability. Experiments with novel 
residual insecticides, concentrations, and formulations 
applied to the huts to assess the entomological impact 
of IRS will be the subject of future trials.

Next generation residual insecticides and the future role 
of these tools
Malaria control relies primarily on insecticides through 
the use of LLINs complemented with IRS. One of the 
key elements in the Global Strategic Framework for Inte-
grated Vector Management [66] is ensuring that there is 
“adequate, evidence-based guidance on combining IRS 
with LLINs and other malaria control interventions.” Pro-
grammatic decisions rely on evidence of impact of com-
bining IRS and active case detection (ACD)/ passive case 
detection (PCD) in low transmission areas of Thailand 
with high rates of LLIN access and pyrethroid-resistant 
vectors. As such, the need for new products and novel 
approaches to malaria vector control has been widely 
acknowledged as a global health priority. Future plans 
of KU include the assessment of new IRS products with 
novel active ingredients for public health, e.g., third-gen-
eration IRS (NgenIRS) products that are defined as IRS 

Fig. 6  The improved experimental hut design used to study mosquito responses to chemical spatial repellency and push–pull concept for 
mosquito control in Pu Teuy study site, Kanchanaburi Province. A and B: the architectural design; C and D: outside view showing raised platform, 
perimeter walkway, exit and window traps [64]
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products effective at killing pyrethroid-resistant mosqui-
toes and which have target duration of residual efficacy 
lasting at least 6 months. As these new products need to 
be applied in endemic communities, KU will adopt an 
integrated vector management (IVM)strategy through: 
(1) strengthening inter- and intra-sectoral action and col-
laboration; (2) engaging and mobilizing communities; (3) 
enhancing vector surveillance and monitoring and evalu-
ation of interventions; and (4) scaling up and integrating 
tools and approaches [66]. Activities within these four 
pillars complement one another and are consistent with 
the WHO’s Global Vector Control Response 2017–2030 
promoting community engagement and mobilization to 
achieve effective and locally adapted vector control and 
enhance protective behaviours among the population 
[67, 68].

Genomic and molecular studies of mosquitoes from Pu 
Teuy mosquito field research station
In Thailand, seven malaria vector species, An. baimaii, 
An. dirus, An. minimus, Anopheles aconitus, An. macula-
tus, Anopheles pseudowillmori, and An. sawadwongporni 
are represented by three species complexes or groups. 
Species complexes or group comprise morphologi-
cally indistinguishable sibling species which are invari-
ably characterized by inter- and intraspecific variation 

in vector competence, vectorial capacity, insecticide sus-
ceptibility and host-seeking behaviours (Fig.  8). Precise 
identification of anopheline mosquitoes is essential for 
a better understanding of their potential role in malaria 
transmission and improving the effectiveness of vector 
control strategies [51]. Molecular polymerase chain reac-
tion (PCR) assays are the current “gold standard” and 
recently used for sibling species identification [33]. A 
multiplex allele-specific polymerase chain reaction (AS-
PCR) successfully identified two sibling species of An. 
minimus (former species A) and An. harrisoni (former 
species C) at MFRS [64].

Subsequently, Sungvornyothin et al. [34] compared the 
reliability of both morphological characters and molecu-
lar PCR to differentiate two sibling species of the An. 
minimus complex, which are characterized by the pres-
ence of a presector pale spot on the wing costa of An. 
minimus or both presector and humeral pale spot for An. 
harrisoni. Spatial and temporal variations of wing scale 
pattern render these two morphological characters unre-
liable for the precise identification of An. minimus and 
An. harrisoni. However, molecular PCR identification 
reliably discriminated between these 2 sibling species. 
Poolprasert et al. [31] compared isozyme frequencies of 
seven An. minimus populations from collections in MFRS 
and four malaria endemic districts in Kanchanaburi 

Fig. 7  Weather station (A) close to an experimental hut (B), at the Mosquito Field Research Station (MFRS), Kanchanaburi Province
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Province using starch gel electrophoresis. Gene flow 
analysis showed that An. minimus and An. harrisoni 
from Pu Teuy were phylogenetically grouped closely in 
the same cluster. As sibling species have different host 
seeking behaviours and vector competence, morphologi-
cal and molecular techniques are often used a priori to 
verify their species identity and to tailor species-specific 
control strategies. In 2011, Malaithong et al. [69] and Tis-
gratog et  al. [70] used the AS-PCR restriction fragment 
length polymorphism (RFLP) techniques, respectively, 
for identification of An. harrisoni populations from Pu 
Tuey prior to performing the excito-repellency assays 
(ERA) of insecticides. RFLP-PCR used enzyme addition 
after the DNA amplification, which gives species identifi-
cation after sequence analysis of the PCR products with-
out designing specific primers, whereas AS-PCR has the 
advantage of being species-specific and provides a rapid 
diagnosis without the sequencing step [71, 72]. In 2012, 
Tananchai et al. [52] used the AS-PCR technique to con-
firm the species identity of exophagic An. dirus and An. 
baimaii in Pu Teuy Village. Prior to conducting ERAs 
of mosquitoes exposed to pyrethroids, AS-PCR tech-
nique accurately confirmed the identity of field-caught 
An. harrisoni and An. dirus from Pu Teuy Village [25]. In 
2019, Brosseau et al. [73] developed a multiplex AS-PCR 
technique to identify five species of the An. barbirostris 
group, with some specimens from Pu Teuy. AS-PCR used 
species-specific differences within the sequences of the 
internal transcribed spacer 2 (ITS2), a ribosomal DNA 
gene (rDNA) widely used to differentiate cryptic species 
of Asian Anopheles complexes [44] and reliably identified 
five species in the Barbirostris Complex in Thailand [73]. 
Another recent study by Udom et  al. [74] on the same 
group included PCR-identified Pu Teuy specimens and 

provided a national map of Anopheles species complex 
distribution. From these genetic studies in Pu Teuy, cor-
rect species identification is essential and mandatory for 
basic and applied mosquito studies and for the evaluation 
of vector control strategies [34]. As population genet-
ics, genetically modified mosquitoes and gene drive are 
promising tools for malaria control, molecular genetic 
studies will bridge the gap between the laboratory and 
the field to support malaria vector control.

Research capacity building
Internationalized higher education system is about 
“bringing the Thai education system to the international 
standard as well as making Thailand to be the country of 
higher education destination for Southeast Asia” accord-
ing to Kirtikara [75]. The National Scheme of Education 
2017–2036 has prioritized the development of research 
and innovative workforce to enhance the national com-
petitiveness. The Ministry of Higher Education, Sci-
ence, Research and Innovation’s policy of “Reinventing 
the University System" aims to eliminate the weaknesses 
of Thai higher education institutions and improve their 
quality to international standards in response to rapid 
global change and both predictable and unpredictable 
risks such as rapid technological development, social 
change and others. In adopting this policy, KU has a 
mandate to ensure the development of appropriate strat-
egies for global and frontier research; technology devel-
opment and innovation; area based and community 
development; and professional development and moral 
and intellectual cultivation. In this context,  the utilisa-
tion of MFRS by of postgraduate students  will support 
a new economic model aimed at pulling Thailand out 
of the ‘middle-income trap’, and push the country into 

Fig. 8  A and B: Mosquito species morphological identification in the field laboratory at Pu Teuy station, Kanchanaburi Province
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the high-income bracket, collectively known as “Thai-
land 4.0”. Previous and recent activities at the MFRS 
have emphasized and explored an orphaned area of 
research that could have high impact on the control of 
vector-borne diseases and pests of humans and animals 
of economic importance. The facilities at the MFRS also 
support the institutional capacity building to strengthen 
international-level research capacities by providing tech-
nical support from various global and local partners 
including private industry.

KU has succeeded in renewed funding for two key 
research support programmes: firstly, the Thailand Sci-
ence Research and Innovation (TSRI) awarded by KU 
and Ministry of Education; and secondly, the Asia Pacific 
Malaria Elimination Network (APMEN)//Asia Pacific 
Leaders Malaria Alliance Secretariat (APMLA) to sup-
port regional training courses and fellowships. By 2021, a 
total of 23 postgraduate students (7 Master and 16 Doc-
toral level) at the Department of Entomology, Faculty of 
Agriculture, completed their studies with a focus on mos-
quito biology, taxonomy, genetics, and mosquito con-
trol (Table 3). In addition, another 36 overseas students 
and research staff from various countries also completed 
their field studies at MFRS (Table  4). APMEN sup-
ported an international training course on malaria vector 

Table 3  Number of Kasetsart University graduate students 
conducted their studies at Pu Teuy Mosquito Vector Research 
Station, Kanchanaburi Province between 2006 and 2021

* On-going Ph.Ds

Level Year of graduation Number Nationality

M.Sc 2006 1 Thai

2008 1 Thai

2009 1 Thai

2011 2 Thai

2012 2 Thai

Ph.D 2006 1 Thai

2007 1 Thai

2008 1 Thai

2011 1 Thai

2012 2 Thai, Philippines

2013 1 Thai

2015 2 Thai

2017 1 Thai

2018 1 Thai

2020 1 Thai

2021 4 Thai, Korean, 
Cambodia*, 
Uganda*

Total 23

Table 4  Overseas students and researchers who conducted their studies at Pu Teuy Mosquito Vector Research Station, Kanchanaburi 
Province between 2009 and 2019

Year University/Institute Country Number

2009 Eijkman Institute for Molecule Biology Indonesia 1

2009 Uniformed Services University USA 1

2010 Uniformed Services University USA 3

2011 University of Montpellier France 1

2011 Research Institute for Tropical Medicine Philippines 2

2012 Norwegian university of Life Sciences Norway 2

2013 French Research Institute for Sustainable Development France 4

2013 University of Montpellier France 1

2013 University of Health Sciences Cambodia 1

2014 University of Florida USA 2

2015 University of Notre Dame USA 2

2016 University of Notre Dame USA 1

2016 National Chung Hsing University Taiwan 4

2017 University of Notre Dame USA 2

2017 Universiti Sains Malaysia Malaysia 2

2018 Anti-Malaria Campaign Headquarters Sri Lanka 1

2018 National Chung Hsing University Taiwan 4

2018 University of Oxford England 1

2018 University of Liverpool England 1

2018 London School of Hygiene and Tropical Medicine England 1

2019 University of Montpellier France 1

Total 37
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surveillance for elimination (MVSE) for programme and 
research entomologists in 19 countries from the Asia–
Pacific region. Course curriculum comprised vector 
identification and vector surveillance methods were con-
ducted on 29 Sept to 12 Oct 2019, and field training on 
new mosquito surveillance methods on 6 to 10 Sept 2018. 
These programmes comprised an optimal and balanced 
mix of lectures, laboratory training and field practicals 
at KU in Bangkok and MFRS in Kanchanaburi Province. 
A team of international experts, collaborated with staff 
and students from the Department of Entomology, KU, 
and Malaria Consortium, co-designed and delivered the 
courses. While the emphasis of the courses was directed 
at deepening the knowledge of participants regarding the 
diversity, biology and identification of the main vector 
species complexes in the Asia–Pacific region, much time 
was also spent on collection and processing of speci-
mens, data gathering methodology, geographic informa-
tion system applications, insecticide susceptibility tests, 
insectary establishment and maintenance of mosquito 
colonies. Feedback from participants and collaborators 
suggest that the MVSE courses were valuable and con-
tributed to a range of specialized technical and analytical 
skills relevant to vectors and malaria elimination in the 
Asia–Pacific region. Benefits included standardization 
of methods, improved capacity to apply or adapt similar 
techniques to combat the rising tide of arbovirus threats 
in the region, such as dengue, chikungunya, Zika and 
others [76]. These training programmes help to advance 
knowledge and understanding of vector biology and con-
trol to the participants, as illustrated by a feedback from 
an international participant:

‘Entomologists play a key role in the national malaria 
programme. Having specifically trained at MVSE Train-
ing Programme, it allows the entomologists within the 
National Department of Health as well as in our research 
arm a step forward for PNG as this will highlight the 
interest and substantiate the importance of the entomo-
logical information produced in the vector surveillance 
movement towards vector-borne disease control and 
elimination in my country.’’ Ms. Naomi Vincent, Vector 
Borne Disease Surveillance Officer, National Department 
of Health, Papua New Guinea [77].

Conclusion
MFRS in Pu Teuy is a unique and well-organized research 
facility geared to elucidate various aspects of the biol-
ogy, surveillance and ecology of mosquito vector species, 
with the aim of developing and evaluating innovative 
new tools and cost-effective technologies relevant to vec-
tor control. Evidence-based information from previous 
studies were shared with the national malaria and den-
gue control programmes to support decision-making 

and assessment of current strategies. This is essential 
to ensure that scarce resources are efficiently used for 
maximum impact in order to assist MOPH in developing 
public health policy on disease vector control, strategic 
planning and implementation.

Over the past 20 years, the MFRS benefited from inter-
national and constructive partnerships with the Univer-
sity of Montpellier (France), University of Notre Dame 
(USA), University of Florida (USA), Eijkman Institute for 
Molecular Biology (Indonesia), Uniformed Services Uni-
versity of the Health Sciences (USA), French Research 
Institute for Sustainable Development (IRD, France), 
University of Oxford (England), University of Liver-
pool (England), London School of Hygiene and Tropi-
cal Medicine (England), University of Health Sciences 
(Cambodia), Research Institute for Tropical Medicine 
(Philippines), Norwegian University of Life Sciences 
(Norway), Universiti Sains Malaysia (Malaysia), National 
Chung Hsing University (Taiwan), Anti Malaria Cam-
paign Headquarters (Sri Lanka), Greenwich University 
(UK), and James Cook University (Australia), resulting in 
37 overseas student and researcher exchanges. MFRS has 
had many successful research collaborations, resulting 
in an interactive coalition that is committed to support-
ing KU research policy without jeopardizing its integ-
rity. This coalition also involves policy-makers from the 
MOPH and Food and Drug Administration in Thailand. 
Networking with  partners from other Thai universities 
have also been established. The MFRS coalition sup-
ports research and training, but also assists the process 
of transferring research findings into policy. MFRS also 
provides additional support to address the technical and 
knowledge gaps identified provided by the network, with 
the intent for these to be further presented and discussed 
with MOPH. A focus on targeted research, knowledge 
and information exchange, and improved programme 
management will guide the MFRS moving forward. A 
coalition of partners has a mutual benefit for the national 
and international medical research communities mov-
ing towards globalization, and enriching human resource 
and talents.

Future studies for the development of long-lasting 
botanical or bio-rational repellents are planned as these 
could lead to promising alternatives to current repellent 
products that are safer to humans and the environment. 
Other important control technologies include alterna-
tive IRS products or third-generation IRS, chemical dose 
optimization for operational programmes, controlled 
release system for prolonging the protective efficacy, 
advances for effective management of natural physical 
variables and environmental conditions (e.g., tempera-
ture, wind velocity), and user-friendly devices for per-
sonal protection. Additional studies coupled with human 
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behaviour observations are needed to assess the impact 
on outdoor-biting malaria vectors in Thailand, involving 
primary and secondary malaria vectors as well as impor-
tant arboviral vectors under both semi-field and natural 
field conditions. Furthermore, improved novel mosquito 
traps such as lethal ovitraps, oviposition lures, mating 
swarm lures and improved insecticide treated nets, cloth-
ing and blanket are of significant interest. The results 
obtained from this research station site will contribute to 
achieving the national malaria elimination goal by 2024.
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