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ABSTRACT 

Odour-baited traps are valuable for vector surveillance and control; however, they often exhibit 

varying recapture rates among mosquito species due to the limited range of host cues they provide. 

Therefore, it is crucial to develop more effective traps capable of capturing a variety of mosquito 

species. One potential alternative is the MTego trap, which incorporates thermal stimuli as 

additional cues. This study aimed to evaluate the efficacy of the MTego trap for sampling different 

mosquito species in a semi-field system. To conduct the experiments, fully balanced Latin square 

design experiments were conducted in semi-field chambers using laboratory-reared female 

Anopheles gambiae, Anopheles funestus, Anopheles arabiensis, Culex quinquefasciatus, and 

Aedes aegypti mosquitoes. Fifty mosquitoes of each species were released in each chamber for 16 

days. The evaluated traps included the MTego trap baited with PM6 (MT-PM6), the MTego trap 

baited with BG-Lure (MT-BGL), and the BGP trap baited with BG-Lure (BGP-BGL). In addition, 

the performance of the traps was compared to the human landing catch (HLC). The MTego traps 

(MT-PM6 and MT-BGL) captured a similar proportion of Anopheles gambiae and Anopheles 

funestus, and Aedes aegypti as the BGP-BGL. However, the traps did not match the performance 

of HLC against all mosquito species. The study underscores the promising application of the 

MTego trap as a monitoring and control tool for malaria and arbovirus vectors. 

Keywords: MTego, BGP, Human landing catch, Trap, Odour-baited trap, Mosquito, Anopheles, 

Culex, Aedes  
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attract a significant number of mosquitoes. Given their effectiveness in capturing sufficient 

numbers of mosquitoes, traps are increasingly recognised as potential tools for integrated vector 

management (Okumu et al., 2010; WHO, 2018). However, the performance of most existing traps 

has been inconsistent for different mosquito species and geographical locations, necessitating the 

need for modification and redevelopment. Hence, the MTego trap has been developed as an 

additional option. In addition to the chemical and visual cues that are normally used in OBTs, the 

MTego includes heat and moisture as additional cues, to increase attraction and capture. This study 

was undertaken to evaluate the trapping efficacy of the MTego trap for capturing adult mosquitoes 

in a simulated outdoor setting.  

1.2 Statement of the problem 

The control of mosquito-borne diseases remains a public health challenge, as mosquito vectors 

continue to evolve mechanisms to evade existing control strategies. Odour-baited traps have been 

developed to attract and capture host-seeking mosquitoes, but their performance varies across 

different mosquito species and locations. The MTego trap, which incorporates heat and moisture 

in addition to chemical and visual cues, represents a potential option for mosquito monitoring and 

control. A previous study showed that MTego was highly effective at sampling Anopheles gambiae 

mosquitoes, outperforming the Biogents Suna trap in both laboratory and semi-field environments 

(Cribellier et al., 2020). However, the efficacy of this trap to capture different mosquito species 

remains unknown. To address this knowledge gap, this study was undertaken to determine its 

efficacy for sampling adult mosquitoes of Anopheles, Culex, and Aedes genera in a semi-field 

system. 

1.3 Rationale of the study 

With the increasing burden of mosquito-borne diseases and the limitations of current control 

measures, there is a need for innovative approaches to address this public health challenge. By 

assessing the efficacy of the MTego trap, this study provides insights into the feasibility and utility 

of this tool as a potential disease monitoring and control intervention.  

1.4 Research objectives 

1.4.1 General objective 

The study aimed to evaluate the trapping efficacy of the MTego trap for sampling adult mosquitoes 

in a semi-field system.  
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1.4.2 Specific objectives 

This study was pursued to achieve the following specific objectives: 

(i) Assessing the trapping efficacy of MTego traps, Biogents Pro (BGP) trap and human 

landing catch (HLC) in the no-choice test against Anopheles gambiae, Anopheles 

arabiensis, Anopheles funestus, Culex quinquefasciatus and Aedes aegypti mosquitoes.  

(ii) Assessing the trapping efficacy of MTego and BGP traps in the dual-choice test against 

Anopheles gambiae, Anopheles arabiensis, Anopheles funestus, Culex quinquefasciatus 

and Aedes aegypti mosquitoes.  

1.5 Research questions  

(i) What is the trapping efficacy of the MTego traps relative to the BGP trap and HLC for 

capturing Anopheles gambiae, Anopheles arabiensis, Anopheles funestus, Culex 

quinquefasciatus and Aedes aegypti mosquitoes in the no-choice test?  

(ii) What is the trapping efficacy of the MTego and BGP traps for capturing Anopheles 

gambiae, Anopheles arabiensis, Anopheles funestus, Culex quinquefasciatus and Aedes 

aegypti mosquitoes in the dual-choice test?  

1.6 Significance of the study  

The study underscores the promising application of the MTego trap as a monitoring and control 

tool for malaria and arbovirus vectors. The trap that captures adequate number of mosquitoes has 

the potential to mitigate the transmission of diseases by reducing mosquito populations and 

minimising bites. 

1.7 Delineation of the study  

The study was a semi-field trial to evaluate and compare the efficacy of the MTego trap to other 

methods for sampling different mosquito species that are vectors of human diseases. The 

mosquitoes used in the study were laboratory-reared and therefore the generalisability of the 

findings may be limited since laboratory-reared mosquitoes may have different behaviours and 

responses compared to wild mosquitoes. 
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In addition to arboviral diseases, lymphatic filariasis is another significant mosquito illness that 

causes disfigurement and disability in about 40 million of the 120 million people infected mostly 

in South-East Asia and Africa, and some in other tropical areas (WHO, 2014). The disease is 

transmitted by different mosquitoes such as Culex quinquefasciatus in urban and semi-urban areas, 

Anopheles species in African rural areas; and Aedes mosquitoes in the Pacific Islands and parts of 

the Philippines (WHO, 2014). Overall, the increase in urbanization, international travel and trade, 

coupled with changes in climate and environment, have resulted in more frequent encounters 

between humans and mosquitoes, thus spreading mosquito-borne diseases that were once limited 

to tropical regions to become more prevalent in temperate areas (WHO, 2017).  

2.2 Current mosquito control methods and their limitations  

Insecticide-treated nets (ITNs) and indoor residual spraying (IRS) are effective tools in controlling 

malaria by physically and chemically preventing mosquito bites in indoor areas (WHO, 2022). 

However, the effectiveness of these core interventions is being jeopardised by: (a) the emergence 

of mosquitoes that are resistant to pyrethroid which is the main class of insecticides used in these 

tools (Hancock et al., 2020), (b)  a shift in mosquito biting behaviour to earlier times in the morning 

and evening (Gatton et al., 2013), and (c) an increase in outdoor mosquito biting when individuals 

are not protected (Russell et al., 2011). Larvicides, which are chemical or biological agents used 

to eliminate mosquito larvae in water bodies, can reduce mosquito populations but require frequent 

application and may not be feasible in areas with large or hard-to-reach breeding habitats (WHO, 

2012). While current vector control tools have been effective in reducing mosquito populations 

and the spread of mosquito-borne diseases, they face several limitations that require ongoing 

innovation and development of new tools. Alternative tools such as OBTs show promise but also 

require additional modification and testing. 

2.3 Potential use of traps for mosquito monitoring and control  

2.3.1 The mechanism of action of traps for capturing mosquitoes 

Mosquito traps are devices that attract and capture mosquitoes at different physiological stages 

such as host-seeking or gravid female mosquitoes  (WHO, 2018). Odour-baited traps targeting 

host-seeking mosquitoes use a variety of sensory signals, including visual and olfactory cues, to 

attract mosquitoes. One of the key attractants used by mosquito traps is carbon dioxide gas which 

is usually added to the traps from different sources, such as live animal odours, gas cylinders, dry 

ice or fermenting sugar and yeast (Dormont et al., 2021). In addition to CO2, traps also use artificial 

chemicals such as BG-lure to mimic the smell of a potential host (Wooding et al., 2020). Some 



 

6 

traps also use heat and moisture to make mosquitoes think they have found a warm-blooded animal 

to bite (Cribellier et al., 2020). The traps feature a fan that generates an airstream that draws 

attracted mosquitoes as they fly into the inlet funnel (Batista et al., 2017). 

2.3.2 Strategies for using traps for mosquito control  

There are different approaches to using traps as a tool for mosquito control such as: "capture-kill" 

and "capture-release" (WHO, 2018). In the capture-kill strategy, mosquitoes that enter the trap are 

removed and physically killed or are confined and exposed to a fast-acting insecticide such as 

pirimiphos-methyl and killed (Okumu et al., 2010). This approach can help control mosquito 

populations quickly, however, exposing mosquitoes to insecticides may modify their susceptibility 

status to first-line insecticides over time, so thus physical kill would be more appropriate.  

In the capture-release approach, mosquitoes are contaminated with an insecticidal or sterilizing 

agent, for example, pyriproxyfen to infect and disseminate to a wider mosquito population or their 

aquatic habitats (Caputo et al., 2012; Lwetoijera et al., 2014). This approach can help target hard-

to-reach areas that may not be accessible with conventional insecticide spraying. However, there 

have been ethical concerns about contaminating non-target species or ecosystems with insecticidal 

or sterilizing agents such as pyriproxyfen (Santos et al., 2014). Furthermore, traps can be used 

together with spatial repellents in a push-pull strategy. This approach has been successfully used 

in agricultural pest management and is now being tested for mosquito control (Menger et al., 2015; 

Njoroge et al., 2021; Tambwe et al., 2020). However, an effective push-pull system that operates 

synergistically is still an unanswered question. 

2.3.4 Current traps and their potential utility 

The use of OBTs through mass trapping, as a single tool or in combination with other vector control 

methods has proven effective in reducing populations of adult mosquitoes and controlling diseases 

in various settings. For example, a cluster randomised-controlled trial in Brazil demonstrated that 

mass trapping with BGS traps reduced the population of Aedes aegypti and dengue incidence 

(Degener et al., 2014). Additionally, a stepped wedge cluster-randomised trial in Kenya reported 

a substantial reduction of Anopheles funestus population and malaria prevalence in areas where 

homes were installed with Suna traps compared to the non-intervened areas (Homan et al., 2016). 

Furthermore, Jahir et al. (2022), recently demonstrated that BGM traps distributed at higher 

densities when used in combination with larval source management drastically reduced 

populations of Aedes and Culex mosquitoes by 93 - 98% in small Maldivian islands. Therefore, 

the use of OBTs can potentially reduce the number of mosquitoes that successfully locate and feed 
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on vertebrate hosts, which could ultimately reduce the transmission of mosquito-borne diseases, 

further modification and improvement would increase their performance. 

2.3.5  Potentials of the MTego trap as an additional option 

The MTego trap exploit similar counter-flow technology as existing odour-baited traps that use a 

combination of human-mimicking odour, visual cues, and circulating airflow to attract and capture 

mosquitoes. Beyond these attributes, the MTego takes advantage of thermal stimuli encompassing 

heat and moisture. An initial study that was conducted to investigate how these additional cues 

enhance mosquito attraction and capture rate of the MTego trap. The MTego was found to have a 

better capture mechanism than the comparator trap: the BG-Suna against Anopheles gambiae in 

both laboratory and semi-field settings (Cribellier et al., 2020). However, the response of other 

mosquito species to this promising trap remains relatively unknown, and that was the drive for this 

research. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study area  

The study was conducted in a large semi-field system (SFS) located at Ifakara Health Institute in 

Bagamoyo district, Tanzania (6.446º S and 38.901º E). The district experiences average annual 

rainfall of 800 - 1000 mm, average temperatures between 24ºC and 29ºC and average annual 

humidity of 73%. The SFS measures 29 by 21 by 4.5 m, screened with shade mesh walls and a 

polyethene roof mounted on an elevated concrete platform (Plate 1). It is divided into two 

compartments measuring 29 by 9 m with a middle buffer chamber. Using large netting cages, with 

polyethene sheath the compartments can be further divided into smaller independent chambers to 

suit the needs of a particular study.  

 
Plate 1: The semi-field system 

3.2 Mosquitoes 

Laboratory reared Anopheles gambiae sensu stricto (s.s) (Ifakara strain), Anopheles funestus 

(Fumoz strain), Anopheles arabiensis (Kingani strain), Culex quinquefasciatus (Bagamoyo strain) 

and Aedes aegypti (Bagamoyo strain) mosquitoes aged 3 - 5 days were used in the experiments. 

Mosquitoes were reared at the insectary at 27ºC ± 2ºC and 70% ± 20% relative humidity (RH) and 

ambient 12:12 light dark, following MR4 guidelines (MR4, 2016). The mosquitoes were blood 

naive and sugar-starved for 6-10 hours before the experiments. Anopheles arabiensis mosquitoes 

were marked with fluorescent dye to distinguish their strains from Anopheles gambiae. Previous 
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and 18:30 for Anopheles and Culex mosquitoes to ensure that tests captured natural host-seeking 

times for each species. Traps operated from 16:00 to 7:00 the next morning, while HLCs were 

conducted from 16:00 to 22:00 with one hour break (30 minutes between 18:00 to 18:30 hours and 

10 minutes after each succeeding hour). Collected mosquitoes using HLC were subsequently 

placed in paper cups, with a new cup being utilised every hour. The HLCs were done for a shorter 

duration as the preliminary experiment showed that this duration was enough to recapture >60% 

of mosquitoes from the chamber. The captured mosquitoes were then transferred to the insectary 

after the experiment where they were refrigerated, identified, and manually counted. After every 

experiment, the SFS was thoroughly cleaned and searched for remaining mosquitoes using a 

prokopack aspirator. The traps were also cleaned using 70% ethanol and dried outdoors before 

they were reused again. 

 
Figure 1: Schematic representation of experiments in the semi-field system showing (a) the 

no-choice test, and (b) the dual-choice test 

3.4.2 Trapping efficacy of the MTego trap and BGP trap in the dual-choice test 

A 2 × 2 balanced Latin square design experiment was conducted to compare the trapping efficacy 

of the MT-M6 relative to the BGP-BGL (Fig. 1b). Two large netting cages measuring 20 × 9 m 

were installed in the two chambers of the SFS. The MT-PM6 was placed 10 m from the BGP-BGL 

in one chamber and two BGP-BGL were positioned 10 m apart from one another in the other 

chamber (Fig. 1b). Fifty mosquitoes of each species were released at the centre of each chamber. 

The experiment was conducted for 16 replicates in which the traps were rotated daily across the 

positions in a randomised Latin square design. Other experimental procedures were maintained as 

in the previous experiment. 


















































