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Simple Summary: Light traps are often used in malaria research to catch mosquitoes; this helps 

scientists keep track of the number of mosquitoes that spread malaria in a particular area and check 

if control measures are working. One trap, called the Centres for Diseases Control (CDC) light trap, 

is commonly used in Africa where malaria is common. But getting this trap can be difficult due to 

logistical inconvenience. So, it’s useful to try other traps that might work equally well or better to add 

to the traps used for mosquito surveillance. In this study, two new UV light traps – the BG-Pro and 

the Silver Bullet 2.1 – were tested to see how well they catch female Anopheles mosquitoes, which 

spread malaria. Both new traps caught more mosquitoes than the CDC trap. This means they could 

be useful tools for future mosquito research. 

Abstract: The Centres for Diseases Control (CDC) light trap is widely used for malaria vector 

surveillance, but its acquisition logistics pose challenges in Africa. Evaluating new traps can improve 

surveillance tools. This study compared the efficiency of BG-Pro UV and Silver Bullet 2.1 UV (SB 2.1 

UV) against the UV LED CDC trap in western Kenya’s rice irrigation area. The traps were tested 

indoors in eight houses over 64 nights. Light properties and fan speed were analysed using 

spectrometry and an anemometer. The BG-Pro UV trap performed better than the UV LED CDC trap 

for An. gambiae s.l. (RR 2.0, 95% CI 0.9-3.9) and An. funestus s.l. (RR 3.5, 95% CI 1.9-6.4). The SB 2.1 UV 

trap was more effective in capturing An. gambiae s.l. (RR 4.3, 95% CI 2.5-7.3) and An. funestus s.l. (RR 

7.1, 95% CI 3.9-13.1), and also caught three times more Culex spp. (RR 2.7, 95% CI 1.2-6.0). SB 2.1 UV 

had the highest downstream force, with and all traps emitting UV-A light with consistent 

wavelengths. Overall, BG-Pro and SB 2.1 traps trapping efficiency was 3–6 times more than the CDC 

trap, making them promising surveillance tools, particularly in low-density malaria settings. 

Keywords: malaria; Anopheles; vector surveillance; light traps; ultraviolet LED; BG-Pro UV; UV LED 

CDC; Silver Bullet 2.1 UV 

 

1. Introduction 

Vector surveillance is vital for management programs of vector-borne diseases as it enables 

assessment of impact of an intervention strategy for better planning, resource mobilization, testing, 

improvement, and deployment of effective control tools [1]. Several trapping systems are available 

for mosquito surveillance. Most of these are light traps targeting Anopheles mosquitoes, and they are 

widely used due to their ease of handling, non-invasive nature of operation, and location versatility 

compared to baited systems [2]. To date, the CDC light trap fitted with incandescent bulbs remains 

the most widely used trap for surveillance of malaria vectors [3–5]. Incandescent light bulbs produce 

heat as they radiate most of their energy in the infrared light region, and the heat source might add 

to the attraction of the trap, especially when there is no other warm-blooded host nearby [6,7]. 

However, light-emitting diodes (LEDs) are more energy-efficient sources of light which is especially 
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beneficial when traps can only be operated on batteries [8,9]. Ultraviolet light-emitting-diodes (UV 

LED) are increasingly being adopted and tested for the surveillance of mosquito populations as they 

emit light that is in the visible spectrum to mosquitoes compared to the white LEDs which produce 

most of their energy in the light spectrum which is not visible to mosquitoes and hence adds little 

additional attraction to a trap [10,11]. 

The CDC light traps are standard traps for the surveillance of adult Anopheles mosquitoes 

indoors and outdoors [4,7,12]. However, obtaining these traps for use in sub-Saharan Africa involves 

logistical hurdles that have recently been further complicated by the closure of a major distributor 

[13]. Evaluation of other trap models in comparison to the CDC light traps is important to expand the 

options available to programs and research institutes. 

The BG-Pro UV light trap manufactured by Biogents AG, Germany, provides a potential 

addition for malaria vector surveillance in sub-Saharan Africa. The BG-Pro UV trap is uniquely built 

with parts that provide options to dismantle the trap for ease of transportation [14]. The trap was 

initially developed for the monitoring of Aedes mosquitoes, however, with the rising need for 

additional malaria-vector surveillance tools in Africa, such tools can be repurposed to enhance the 

monitoring of emerging malaria mosquitoes [15–17]. The Silver Bullet 2.1 UV trap (Lumin8, 

Germiston, South Africa) is another novel trap that has been shown to have great potential in 

sampling malaria vectors in Africa [7]. This study aimed to evaluate the efficiency of the BG-Pro UV 

in trapping malaria vectors compared to the novel Silver Bullet 2.1 UV, and the wildly used UV LED 

CDC light trap. All traps were operated with LEDs in the UV light range according to the 

manufacturer settings. 

2. Materials and Methods 

2.1. Study Site 

The field studies were conducted between July and September 2023 in Kigoche village located 

within Muhoroni sub-county in Kisumu county (Longitude 34.912376, Latitude -0.151164). The area 

is hyperendemic for malaria and rice irrigation farming, although considered an important malaria 

risk factor, is the major economic activity [18,19]. The study selected eight similar double-room 

houses, each measuring approximately 15 m², featuring traditional construction typical of the area—

smooth mud walls and corrugated iron sheet roofs [20]. Eligible households included at least one 

child and two adults. The eaves under the roof of all the selected houses were open and the houses 

were at least 300 meters apart. 

2.2. Light Traps 

2.2.1. BG-Pro UV Light Trap 

The BG-Pro UV light trap (Biogents AG, Regensburg, Germany) is a cone-shaped fabric trap 

(Figure 1 A) equipped with several accessories (Figure 1B, 1-12). The trap could be powered by a 6-

volt battery or a 5-volt lightweight rechargeable power bank that runs a 3-blade fan, which generates 

a bidirectional airflow that draws mosquitoes into the trap’s catch bag [14]. The trap is fitted with a 

black catch bag (Figure 1B, 3) located above the fan to collect trapped mosquitoes. The catch bag is 

made of a downward-facing funnel net notably positioned above the fan to prevent the catches from 

escaping once trapped. In addition, the positioning of the catch bag above the trap prevents damage 

to the trapped mosquitoes. The LED strip (Figure 1B, 10) fitted around the intake funnel and just 

below the mosquito entry point emitted UV light to attract mosquitoes towards the trap. The trap’s 

white body houses the trap components, including the power bank. The UV LED light ring with LED 

lights in the form of a strip is optimally mounted on top of the trap cylinder to lure mosquitoes 

towards it (Figure 1A). In the present study, both power options were tested to assess if the power 

source might affect the operation of the trap and consequently trapping efficacy. 
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2.2.2. Silver Bullet 2.1 UV 

A comprehensive description of the Silver Bullet 2.1 light trap is provided in a previous study 

in 2023 by Mbare and colleagues [7]. Briefly, the trap manufactured by Lumin8, Germiston, South 

Africa, has an inbuilt rechargeable lithium-ion battery pack that can either be solar recharged through 

a 12 W polycrystalline solar panel fitted on top of the trap or recharged through mains power (Figure 

1C). It has three LED clusters located above the mosquito entry point that offer five differently 

coloured lights [7]. The fan of the SB 2.1 UV is situated above the catch bag. For this study, the UV 

LED setting was selected, as it was previously found to be attractive to Anopheles mosquitoes [7]. 

2.2.3. UV LED CDC Light Trap 

The UV LED CDC trap has eight ultraviolet LED platform diodes option [21,22]. These diodes 

are located above the designated mosquito entry point (Figure 1D). This trap was powered with a 6-

volt external battery. The white catch bag in the CDC light trap was fitted below the fan. 

 

Figure 1. A) BG Pro UV trap— fully assembled; B) all trap components of BG Pro UV fully disassembled; C) 

Silver Bullet 2.1 UV light trap; D) UV LED CDC light trap. 

2.3. Light Properties and Fan Speed 

To ensure consistent trapping efficiency across all UV light traps, we measured and compared 

their light wavelengths and irradiance levels using spectrophotometry. This controlled for potential 
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variations in emitted light waves and fan speeds that could affect trap performance [23]. 

Measurements were taken first at the source by placing the trap in front of the spectrophotometer 

probe and then at a 1 m distance by moving the trap but keeping the probe stationary. Readings were 

taken in triplicate and the means were used to plot light spectra (Figure S1). Fan speed was measured 

using a Kestrel 1000 wind meter (Kestrel Meters, Boothwyn, USA) calibrated in miles per hour (mph); 

data from three independent measurements were averaged and used to estimate the gravitational 

force (g-force) of each trap relative to the fan radius using the equation (Relative Centrifugal Force = 

(Revolution Per Minute)2 × 1.118 × 10 5 × r) to quantify the downstream force created by the fan 

revolution [24]. 

2.4. Experimental Design 

The indoor trapping efficacy of four light traps – BG-Pro UV operated using a power bank, BG-

Pro UV operated using a 6 V battery, SB 2.1 UV operated by an inbuilt rechargeable power bank and 

UV LED CDC operated using a 6V battery—were compared in this study. The eight experimental 

houses selected for this study were divided into 2 blocks, each with 4 houses. On any experimental 

night, the traps were set in the four houses belonging to each group. The traps were rotated each on 

subsequent night, ensuring that every trap was placed in each of the four houses over four 

consecutive nights. Thereafter, the nightly trap rotation was transferred to the other group of houses 

and the experiments were conducted over the next four consecutive nights. The entire experiment 

was conducted over 16 nights, giving a total of 64 trap nights for the four traps (16 nights x 4 

traps/night). The traps were set indoors at approximately 1 m from the ground at the foot end of the 

bed where the adult household head slept. No additional artificial bait or lure other than the 

individuals on the bed was used. Long-lasting insecticidal nets were provided for all sleeping places 

in every house and residents were requested to use them during trap nights. Traps were run all night 

long from 1830h to 0630h. The study was conducted to completion during the dry season in an area 

where rice paddies were dry and not under cultivation. 

2.5. Mosquito Identification 

Catch bags from all traps were transferred in the mornings to a field-based laboratory where 

they were placed in a freezer for 30 minutes to kill the mosquitoes. Afterwards, mosquitoes were 

removed from the catch bag and morphologically identified using reference keys [25]. Anophelinae 

were differentiated up to the species level while Culicinae identification was done only up to genus 

level. Molecular assays were performed on the Anopheles gambiae sensu lato and Anopheles funestus 

sensu lato complexes. DNA preparation was done following the ammonium acetate protocol 

described in Amugune et al. 2022 [26], and PCR amplification was done as described in Scott et al. 

1993 [27]. 

2.6. Statistical Analysis 

Generalized estimating equations (GEE), in IBM SPSS (version 25), were used to analyse the 

data. Mosquito counts were analysed by fitting a negative binomial distribution with log link 

function. The trap type was included in the model as a fixed factor; battery powered BG-Pro and one 

powered by a power bank were considered as separate traps. Experimental night was included in the 

model as a repeated measure after analysis of variance of repeated measures indicated no significant 

variation in catches within the houses. Rate ratios (RR) and estimated model means, with their 

associated confidence intervals (CI), were obtained as an outcome of the model. Analyses were done 

separately for counts of Anopheles arabiensis, An. funestus s.s., and Culex spp whilst the number of the 

other Anopheles species (An. coustani and An. pharoensis) and Culicinae sub-family species (Mansonia 

spp, Aedes spp, Coquilletidia spp) trapped was too low for further statistical analysis. 

2.7. Ethical Considerations 
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This study was conducted following the guidelines of the Declaration of Helsinki and with 

ethical approval from KEMRI-SERU (NON-KEMRI PROTOCOL NO. 4520). Informed consenting 

procedure was conducted for all the households that participated in the study prior to the 

commencement of any activities. 

3. Results 

3.1. Trapping Efficacy 

A total of 4,089 mosquitoes were captured during 64 trap nights. Most of the trapped mosquitoes 

(90.7%; n=3708) were females. Of all the females, nearly a quarter (24%, n=889) were from the 

Anophelinae sub-family whilst the majority (76%; n=2819) were from the Culicinae sub-family. Of 

the female Anophelinae, 77.8% (n=691) were Anopheles arabiensis, 20.7% (n=184) were An. funestus s.s., 

1.3% (n=12) were An. coustani, and 0.2% (n=2) were An. pharoensis. No An. gambiae s.s. nor other sibling 

species of the An. funestus complex were identified through molecular analysis. Of the female 

Culicinae, 95.2% (n=2683) belonged to the genus Culex and 4.7% (n=132) to the genus Mansonia. Only 

2 specimens (0.07%) were collected for both Coquilletidia and Aedes. Of the trapped male mosquitoes, 

(n=250), the majority were An. arabiensis (41.2%, n=157) followed by An. funestus (24.4%, n=93), with 

the remainder being Culex (33.3%, n=127) and Mansonia species (1.0%, n=4). 

Using either a 5V lightweight power bank or 6 V battery did not significantly affect the trapping 

efficacy of the BG-Pro UV trap for any species (Table 1). 

Compared to the UV LED CDC trap, BG-Pro UV trap, powered by either a battery or a power 

bank caught twice as many An. arabiensis. The battery-powered BG-Pro UV performed almost 4 times 

better than the UV LED CDC trap, while the power bank-powered BG-Pro UV trap performed 5 times 

better than the UV LED CDC trap in catching An. funestus s.s. (Table 1). However, the efficacy of both 

the BG-Pro UV traps and UV LED CDC traps in trapping Culex was similar (Table 1). 

The SB 2.1 UV light trap showed the best performance from all the four tested traps in catching 

female Anopheles and Culex. It trapped approximately four times more female An. arabiensis, seven 

times more female An. funestus s.s. and approximately three times as many Culex compared to the 

UV LED CDC light trap (Table 1). Compared to BG-Pro UV, powered by either a battery or power 

bank, the SB 2.1 UV light trap caught approximately two times as many An. arabiensis and An. funestus 

s.s., and approximately three times as many Culex spp (Table 1). 

Table 1. Compilation of statistical outputs comparing relative risk of trapping female a) Anopheles arabiensis, An. 

funestus and Culex by 4 trap set ups (UV LED CDC, Silver bullet 2.1 UV, BG-Pro UV battery-powered and BG-

Pro UV powerbank-powered. 

Trap Mean (95% CI) RR (95% CI) P-Value RR (95% CI) P-Value RR (95%CI) P-Value 

An. arabiensis 

UV LED CDC 5.1(3.5-7.6) 1 -     

Silver bullet 2.1 UV 21.9 (15.1-31.8) 4.3 (2.5-7.3) <0.001 1 -   

BG-Pro UV (Battery) 10.0 (5.6-17.8) 2.0 (0.9-3.9) 0.06 0.5 (0.2-1.0) 0.043 1  

BG-Pro UV (Power bank) 11.0 (5.9-20.5) 2.1 (1.3-3.6) 0.005 0.5 (0.2-1.1) 0.066 1.1 (0.6-2.0) 0.760 

An. funestus s.s. 

UV LED CDC 0.9 (0.6-1.4) 1 -     

Silver bullet 2.1 UV 6.3 (4.0-9.8) 7.1 (3.9-13.1) <0.001 1 -   

BG-Pro UV (Battery) 3.1 (1.7-5.6) 3.5 (1.9-6.4) <0.001 0.5 (0.2-1.1) 0.076 1  

BG-Pro UV (Power bank) 4.4 (2.5-7.8) 5.0 (2.7-9.3) <0.001 0.7 (0.4-1.3) 0.276 1.4 (0.7-3.0) 0.348 

Culex spp 

UV LED CDC 32.9 (18.5-58.7) 1 -     

Silver bullet 2.1 UV 88.9 (42.3-187 .0) 2.7 (1.2-6.0) 0.014 1 -   

BG-Pro UV (Battery) 25.0 (15.4-40.7) 0.8 (0.6-1.3) 0.292 0.3 (0.1-0.6) 0.001 1  

BG-Pro UV (Power bank) 26.8 (15.8-45.4) 0.8 (0.3-1.9) 0.640 0.3 (0.1-0.8) 0.011 1.0 (0.6-2.1) 0.842 

3.2. Comparison of Fan Speed and Light Properties 
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The three traps were fitted with fans of different sizes and, combined with their power sources 

generated varying fan speeds (Table 2). The CDC light trap generated the lowest gravitational force, 

whilst the SB 2.1 trap generated nearly double the g-force than the UV LED CDC trap (Table 2). 

Table 2. Exploration of light trap fan speed of 4 traps (UV LED CDC, BG-Pro UV powered by powerbank, BG-

Pro UV powered by battery and Silver bullet 2.1 UV in relation to the fan radius to estimate the downdraft g-

force exerted for mosquito trapping. 

Trap Fan radius Fan speed G-force 

UV LED CDC 4 cm 6.2 mph 20 × g  

BG-Pro UV (power bank) 6 cm 8 mph 22 × g 

BG-Pro UV (battery) 6 cm 10.1 mph 35 × g 

Silver bullet 2.1 UV 4.5 cm 9.0 mph 37 × g 

All three light sources used in the three different traps generated light in the UV-A spectrum. 

The UV LED CDC emitted a peak at 388 nm, whilst the BG-Pro had its peak at 365 nm, and the SB 2.1 

UV at 400 nm. The light emitted from the traps was only detectable at the source at very close 

proximity (0 meters). 

4. Discussion 

This study evaluated the efficiency of the BG Pro UV light trap in catching mosquitoes in an 

indoor environment. Comparisons were made with the common standard UV LED CDC light trap 

and another novel trap, the Silver Bullet 2.1. Based on the mean number of mosquitoes collected, the 

BG-Pro UV light trap outperformed the UV LED CDC light trap in collecting the major malaria 

vectors in the field site, which warrants its use as a surveillance tool for these predominant malaria 

vectors in sub-Saharan Africa. 

The advantage of the BG Pro UV over other traps is its lightweight and the collapsible body 

which can be packed into a small bag, which is easy to carry. Thus, compared to the CDC light trap, 

the BG Pro presents a logistical improvement especially when lightweight power banks charged with 

USB-compatible power sources can be used in place of heavy batteries used in CDC traps [14]. 

However, despite these advantages, the BG Pro UV light trap was out-competed by the recently 

profiled SB 2.1 UV [7]. The Silver Bullet 2.1 trap caught double the number of malaria mosquitoes 

than the BG-Pro UV and four times as many as the UV LED CDC. All traps were fitted with LED 

lights, and the spectrophotometer results confirmed that all traps emitted similar light quality in the 

UV-A spectrum, thus, this is unlikely to be responsible for the differential trapping efficacy. 

Important is the finding that none of the traps’ lights were visible 1 metre or more away from the 

trap, highlighting that the light emitted from these traps does not serve as long-range attractant cues 

to mosquitoes [28]. Other cues, such as body odour and CO2 are hence essential for longer-range to 

lure the mosquitoes towards the trap [29]. 

The g-force of the traps can affect their efficiency of sucking insects into the collection chambers 

[30]. The BG-Pro trap had a greater g-force than the CDC trap, and the SB trap generated the strongest 

force, which is the most likely explanation for the differences in trapping efficiency. In terms of costs, 

the BG Pro came at the lowest price in 2023. At the time, the cost for one SB 2.1 UV trap was 205 USD, 

190 USD for the UV LED CDC trap and 103.93 USD for the BG Pro. In addition, from our observation, 

the delivery time for the BG Pro was significantly shorter compared to that for the other traps. 

However, the BG Pro UV trap presented a few challenges for its use in the field. One of the 

challenges was the frequent breakdown of the LED light band, which required constant repairs, 

increasing operational costs when deployed for vector surveillance in the field. The catch bag got torn 

easily and quickly after consistent use, as the material is very fragile and not selected for wear and 

tear. Lastly, the tripod stands which are used to shape the trap are made of plastic material that breaks 

easily (Figure 1B, 12). All these factors present durability challenges for trap use, but could be easily 

addressed by the manufacturer. 
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This study was conducted exclusively indoors during the dry season when vector densities were 

low, with traps installed in houses adjacent to uncultivated fields. Data collection occurred over a 

limited time period. Given that Anopheles populations exhibit strong seasonal and cropping cycle-

dependent fluctuations, extended spatiotemporal studies are needed to more accurately assess the 

traps' capture efficiencies. 

5. Conclusion 

The BG Pro trap demonstrated the potential for sampling indoor malaria vectors under field 

conditions. The ease of the trap usage in combination with its costs would be advantageous in 

scalability aspects and also usage in resource-poor settings. Although this is so, it would be prudent 

to conduct additional studies to assess its performance in an outdoor environment, in different 

seasons, in areas with varied vector densities and comparison with other traps. Moreover, it is 

necessary to ensure that its parts are made of durable material to reduce the frequency of replacement 

and repair that could affect logistics and rational costs. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Figure S1. Comparison of light properties (light wavelength in relation to 

absolute intensity of light) of UV platform of all traps. 

Author Contributions: Conceptualization, M.M.N. and U.F.; methodology, B.L.A. and R.T.; validation, O.M., 

T.B., U.F. and M.M.N.; formal analysis, B.L.A., O.M. and M.M.N.; investigation, B.L.A., R.T., D.M. and O.M.; 

resources, U.F. and M.M.N.; writing—original draft preparation, B.L.A.; writing—review and editing, B.L.A., 

R.T., D.M., O.M., T.B., U.F. and M.M.N.; visualization, B.L.A.; supervision, M.M.N.; project administration, 

M.M.N.; funding acquisition, U.F. All authors have read and agreed to the published version of the manuscript. 

Funding: The authors gratefully acknowledge the financial support for this research by the following 

organizations and agencies: the specific restricted project donor (Biovision Foundation, grant no. DPH-003); the 

Swedish International Development Cooperation Agency (Sida); the Swiss Agency for Development and 

Cooperation (SDC); the Australian Centre for International Agricultural Research (ACIAR); the Government of 

Norway; the German Federal Ministry for Economic Cooperation and Development (BMZ); and the Government 

of the Republic of Kenya. The views expressed herein do not necessarily reflect the official opinion of the donors. 

Data Availability Statement: Data collected and analysed during this study are available from the 

corresponding author upon reasonable request. 

Acknowledgments: We appreciate the support of Ahero residents for allowing us to set traps in their houses. 

We thank Casmwel Okello for the assistance in conducting field activities. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Fournet, F.; Jourdain, F.; Bonnet, E.; Degroote, S.; Ridde, V. Effective Surveillance Systems for Vector-Borne 

Diseases in Urban Settings and Translation of the Data into Action: A Scoping Review 11 Medical and 

Health Sciences 1117 Public Health and Health Services Frédéric Simard. Infect. Dis. Poverty 2018, 7, 1–14, 

doi:10.1186/s40249-018-0473-9. 

2. Lima, J.B.P.; Rosa-Freitas, M.G.; Rodovalho, C.M.; Santos, F.; Lourenço-de-Oliveira, R. Is There an Efficient 

Trap or Collection Method for Sampling Anopheles Darlingi and Other Malaria Vectors That Can Describe 

the Essential Parameters Affecting Transmission Dynamics as Effectively as Human Landing Catches? - A 

Review. Mem. Inst. Oswaldo Cruz 2014, 109, 685–705, doi:10.1590/0074-0276140134. 

3. Fornadel, C.M.; Norris, L.C.; Norris, D.E. Centers for Disease Control Light Traps for Monitoring 

Anopheles Arabiensis Human Biting Rates in an Area with Low Vector Density and High Insecticide-

Treated Bed Net Use. Am. J. Trop. Med. Hyg. 2010, 83, 838–842, doi:10.4269/ajtmh.2010.10-0088. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0910.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0910.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 9 

 

4. Namango, I.H.; Marshall, C.; Saddler, A.; Ross, A.; Kaftan, D.; Tenywa, F.; Makungwa, N.; Odufuwa, O.G.; 

Ligema, G.; Ngonyani, H.; et al. The Centres for Disease Control Light Trap (CDC-LT) and the Human 

Decoy Trap (HDT) Compared to the Human Landing Catch (HLC) for Measuring Anopheles Biting in 

Rural Tanzania. Malar. J. 2022, 21, 1–16, doi:10.1186/s12936-022-04192-9. 

5. Ponlawat, A.; Khongtak, P.; Jaichapor, B.; Pongsiri, A.; Evans, B.P. Field Evaluation of Two Commercial 

Mosquito Traps Baited with Different Attractants and Colored Lights for Malaria Vector Surveillance in 

Thailand. Parasites and Vectors 2017, 10, 1–9, doi:10.1186/s13071-017-2315-1. 

6. Costa-Neta, B.M.; da Silva, A.A.; Brito, J.M.; Moraes, J.L.P.; Rebêlo, J.M.M.; Silva, F.S. Light-Emitting Diode 

(LED) Traps Improve the Light-Trapping of Anopheline Mosquitoes. J. Med. Entomol. 2017, 54, 1699–1703, 

doi:10.1093/JME/TJX148. 

7. Mbare, O.; Njoroge, M.M.; Ong, F.; Bukhari, T.; Fillinger, U. Evaluation of the Solar ‑ Powered Silver Bullet 

2 . 1 ( Lumin 8 ) Light Trap for Sampling Malaria Vectors in Western Kenya. Malar. J. 2023, 1–13, 

doi:10.1186/s12936-023-04707-y. 

8. Jhaiaun, P.; Panthawong, A.; Saeung, M.; Sumarnrote, A.; Kongmee, M.; Ngoen-Klan, R.; 

Chareonviriyaphap, T. Comparing Light — Emitting — Diodes Light Traps for Catching. Insects 2021, 12, 

1–13. 

9. Mwanga, E.P.; Ngowo, H.S.; Mapua, S.A.; Mmbando, A.S.; Kaindoa, E.W.; Kifungo, K.; Okumu, F.O. 

Evaluation of an Ultraviolet LED Trap for Catching Anopheles and Culex Mosquitoes in South-Eastern 

Tanzania. Parasites and Vectors 2019, 12, 1–12, doi:10.1186/s13071-019-3673-7. 

10. Wilson, R.; Cooper, C.E.C.; Meah, R.J.; Wakefield, A.; Roberts, N.W.; Jones, G. The Spectral Composition of 

a White Light Influences Its Attractiveness to Culex Pipiens Mosquitoes. Ecol. Evol. 2023, 13, 1–8, 

doi:10.1002/ece3.9714. 

11. Oriyomi, M.; Babalola, P. Comparison of Mosquitoes Response to Different Diodes Wavelengths. Int. J. Sci. 

Res. 2020, 9, 218–223, doi:10.21275/SR20630024318. 

12. Sriwichai, P.; Karl, S.; Samung, Y.; Sumruayphol, S.; Kiattibutr, K.; Payakkapol, A.; Mueller, I.; Yan, G.; Cui, 

L.; Sattabongkot, J. Evaluation of CDC Light Traps for Mosquito Surveillance in a Malaria Endemic Area 

on the Thai-Myanmar Border. Parasites and Vectors 2015, 8, 1–10, doi:10.1186/s13071-015-1225-3. 

13. Bioquipbugs: History of the Collection Available online: https://bioquipbugs.com/history/ (accessed on 23 

July 2024). 

14. Degener, C.M.; Staunton, K.M.; Bossin, H.; Marie, J.; Da Silva, R.D.; Lima, D.C.; Eiras, A.E.; Akaratovic, K.I.; 

Kiser, J.; Gordon, S.W. Evaluation of the New Modular Biogents Bg-pro Mosquito Trap in Comparison to 

Cdc, Evs, Bg-Sentinel, and Bg-Mosquitaire Traps. J. Am. Mosq. Control Assoc. 2021, 37, 224–241, 

doi:10.2987/21-7003. 

15. Coulibaly, Z.I.; Gowelo, S.; Traore, I.; Mbewe, R.B.; Ngulube, W.; Olanga, E.A.; DePina, A.J.; Sanou, A.; 

Coleman, S.; Tangena, J.A.A. Strengthening Adult Mosquito Surveillance in Africa for Disease Control: 

Learning from the Present. Curr. Opin. Insect Sci. 2023, 60, 101110, doi:10.1016/j.cois.2023.101110. 

16. Gorsich, E.E.; Beechler, B.R.; Van Bodegom, P.M.; Govender, D.; Guarido, M.M.; Venter, M.; Schrama, M. 

A Comparative Assessment of Adult Mosquito Trapping Methods to Estimate Spatial Patterns of 

Abundance and Community Composition in Southern Africa. Parasites and Vectors 2019, 12, 1–12, 

doi:10.1186/s13071-019-3733-z. 

17. Kosgei, J.; Gimnig, J.E.; Moshi, V.; Omondi, S.; McDermott, D.P.; Donnelly, M.J.; Ouma, C.; Abong’o, B.; 

Ochomo, E. Comparison of Different Trapping Methods to Collect Malaria Vectors Indoors and Outdoors 

in Western Kenya. Malar. J. 2024, 23, 1–12, doi:10.1186/s12936-024-04907-0. 

18. Githeko, A.K.; Service, M.W.; Mbogo, C.M.; Atieli, F.K.; Juma, F.O. Plasmodium Falciparum Sporozoite 

and Entomological Inoculation Rates at the Ahero Rice Irrigation Scheme and the Miwani Sugar-Belt in 

Western Kenya. Ann. Trop. Med. Parasitol. 1993, 87, 379–391, doi:10.1080/00034983.1993.11812782. 

19. Nzioki, I.; Machani, M.G.; Onyango, S.A.; Kabui, K.K.; Githeko, A.K.; Ochomo, E.; Yan, G.; Afrane, Y.A. 

Differences in Malaria Vector Biting Behavior and Changing Vulnerability to Malaria Transmission in 

Contrasting Ecosystems of Western Kenya. Parasites and Vectors 2023, 16, 1–12, doi:10.1186/s13071-023-

05944-5. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0910.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0910.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 9 

 

20. Bukhari, T.; Gichuhi, J.; Mbare, O.; Ochwal, V.A.; Fillinger, U.; Herren, J.K. Willingness to Accept and 

Participate in a Microsporidia MB-Based Mosquito Release Strategy: A Community-Based Rapid 

Assessment in Western Kenya. Malar. J. 2024, 23, 1–15, doi:10.1186/s12936-024-04941-y. 

21. Cohnstaedt, L.E.E.; Gillen, J.I.; Munstermann, L.E. Light Emitting Diode Technology Improves Insect 

Trapping. J. Am. Mosq. Control Assoc. 2008, 24, 331–334. 

22. Hope, A.; Gubbins, S.; Sanders, C.; Denison, E.; Barber, J.; Stubbins, F.; Baylis, M.; Carpenter, S. A 

Comparison of Commercial Light-Emitting Diode Baited Suction Traps for Surveillance of Culicoides in 

Northern Europe. Parasites and Vectors 2015, 8, 239, doi:10.1186/s13071-015-0846-x. 

23. L.C. Passos, M.; M.F.S. Saraiva, M.L. Detection in UV-Visible Spectrophotometry: Detectors, Detection 

Systems, and Detection Strategies. Meas. J. Int. Meas. Confed. 2019, 135, 896–904, 

doi:10.1016/j.measurement.2018.12.045. 

24. Miron, R.J.; Pinto, N.R.; Quirynen, M.; Ghanaati, S. Standardization of Relative Centrifugal Forces in 

Studies Related to Platelet-Rich Fibrin. J. Periodontol. 2019, 90, 817–820, doi:10.1002/JPER.18-0553. 

25. Coetzee, M. Key to the Females of Afrotropical Anopheles Mosquitoes (Diptera: Culicidae). Malar. J. 2020, 

19, 1–20, doi:10.1186/s12936-020-3144-9. 

26. Amugune, B.L.; Matharu, A.K.; Ouma, P.; Mutebi, F.; Elson, L.; Fillinger, U.; Krücken, J. Cost-Effective PCR-

Based Identification of Tunga Penetrans (Siphonaptera) Larvae Extracted from Soil Samples Containing 

PCR Inhibitor-Rich Material. Insects 2022, 14, 5, doi:10.3390/insects14010005. 

27. Scott, J.A.; Brogdon, W.G.; Collins, F.H. Identification of Single Specimens of the Anopheles Gambiae 

Complex by the Polymerase Chain Reaction. Am. J. Trop. Med. Hyg. 1993, 49, 520–529, 

doi:10.4269/ajtmh.1993.49.520. 

28. Hawkes, F.; Gibson, G. Seeing Is Believing: The Nocturnal Malarial Mosquito Anopheles Coluzzii 

Responds to Visual Host-Cues When Odour Indicates a Host Is Nearby. Parasites and Vectors 2016, 9, 1–13, 

doi:10.1186/s13071-016-1609-z. 

29. Wu, Y.; Wang, J.; Li, T.; Liu, Q.; Gong, Z.; Hou, J. Effect of Different Carbon Dioxide (CO2) Flows on 

Trapping Aedes Albopictus with BG Traps in the Field in Zhejiang Province, China. PLoS One 2020, 15, 1–

11, doi:10.1371/journal.pone.0243061. 

30. Zhang, C.; Geng, D.; Xu, H.; Li, X.; Ming, J.; Li, D.; Wang, Q. Experimental Study on the Influence of 

Working Parameters of Centrifugal Fan on Airflow Field in Cleaning Room. Agriculture 2023, 13, 1368. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0910.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0910.v1
http://creativecommons.org/licenses/by/4.0/

