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Field evaluation of two mosquito 
traps in Zhejiang Province, China
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Mosquito-borne Diseases are a common but severe public health threat. However, there is a lack of 
consensus on the effect of different mosquito trapping devices in China. This study firstly compared 
the BGM trap with the CDC light trap, commonly used in Chinese mosquito surveillance. Field trials 
of traps’ efficiency were conducted in Yiwu city, China, from May 21st, 2018 to November 31st, 2018. 
Sixty-five comparisons were completed in five different biotopes (an urban residential area, a rural 
residential area, a park, a hospital, and a pig shelter). Concerning the number of mosquitoes per trap, 
the BGM trap outperformed three out of five biotopes. In contrast, the CDC light trap only showed 
better performance in the pig shelter. For specific species, the BGM trap outperformed in capturing 
Ae. albopictus, while the CDC light trap caught significantly more Cx. tritaeniorhynchus. Regarding 
Ae. albopictus and Cx. pipiens s.l. surveillance, the BGM trap is more suitable. The BGM trap shows 
significantly higher or similar efficiency than the CDC light trap in trapping common mosquito species 
in China, except in the pig shelter. Therefore, we recommend that Chinese researchers and public 
health practitioners use the BGM trap in future mosquito surveillance.

Mosquitoes can transmit infectious pathogens to human through bites, serving as vectors of diverse diseases1. 
In the past three decades, China has identified a series of mosquito-borne disease cases, including Dengue, Chi-
kungunya fever, Yellow fever, Zika virus disease, Japanese encephalitis, and Malaria, etc2,3. These diseases occurs 
in a broad geographical range of China that cases have been reported in the coastal area, such as Guangdong 
Province, and plateau areas, like Tibet and Yunnan Province of this country4–6. Among all identified arbovirus 
disease, Dengue is the most severe public health threat to this nation, as over 650,000 cases had been reported 
from 1978 to 20087. To date, China has only vaccines, against Yellow fever and Japanese encephalitis, available; 
however, has no vaccines available for other mosquito-borne disease (i.e., Dengue). Therefore, given the medical 
importance of mosquitoes, vector surveillance and control is of critical importance in mosquito-borne disease 
prevention and control.

CDC light trap has been the primary tool of mosquito surveillance in China for decades. Before Dengue 
emerges, Japanese encephalitis and Malaria were the two heavy burdens of mosquito-borne diseases in China, 
the incidences of which were as high as 20.92 per 100,000 population and 3000 per 100,000 population in the 
1970s, respectively7,8. Culex mosquitoes are the vectors of Japanese encephalitis, while Anopheles mosquitoes 
are Malaria’s. The light traps show high efficiency in capturing these two mosquito species9. At that time, the 
CDC light trap can perfectly meet the need to monitor Culex mosquitoes and Anopheles mosquitoes in the five 
biotopes.

As Dengue emerges in these years, Aedes albopictus, the secondary vectors of Dengue virus, become the main 
target of mosquito surveillance in China, because the population of the primary vector, Aedes aegypti, decreased 
largely in mainland China in recent years10. Nevertheless, an analysis conducted by Chinese Center for Disease 
Control and Prevention reported that CDC light traps’ efficiency in trapping Ae. albopictus were only of 0.25 
individual per trap per night, lower than the efficiency of human-baited double net traps of 2.95 per trap per 
hour11. Given that, there is an urgent need to replace the current devices in order to improve the efficiency in 
capturing Aedes mosquitoes12.

With the technological development, the choice of mosquito surveillance is diversified. The Biogents company 
has produced a series of mosquito traps: BG-Sentinel (BGS), BG-GAT, BG-Suna, BG-Mosquitaire CO2 (BGM), 
etc. As the benchmark of Ae. albopictus trapping devices also showing high efficiency in multiple mosquito spe-
cies, the BG-Sentinel trap has been recommended by U.S. CDC for mosquito surveillance use over a decade13–16. 
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BGM trap is an adaption of BGS trap, which keeps the same mechanism but is more durable17. Therefore, BGM 
is supposedly suitable for long-term mosquito surveillance. However, there is no adequate evidence in China 
showing BGM’s effectiveness. Our study aims to examine the performance of the BGM and the CDC light trap 
on common mosquito species in China and determine whether BGM can replace CDC light traps in routine 
mosquito surveillance.

Study site.  Field trials were carried out in Yiwu city, Zhejiang Province, China (119° 49′–120° 17′ E, 29° 02′ 
13″ 29° 33′ 40″ N, 56 m above sea level, m.a.s.l.) (Fig. 1). In 2005, the Chinese national disease vector surveillance 
system (CNDVSS) required that mosquito surveillance tools should be used to monitor five different biotopes—
urban residential areas, rural residential areas, hospitals, parks, and animal shelters18. Based on the guidance, we 
choose five different locations within Yiwu city to represent five different kinds of biotopes. Beilei (120° 03′ E, 
29° 16′ 55″ N) is a pig farm and hence represents the animal shelter; Quanbei (120° 08′ E, 29° 39′ 16″ N) where 
is a village represents the rural residential area; Danguiyuan (120° 06′ E, 29° 32′ 48″ N) is an urban neighbor-
hood in Yiwu city’s downtown and therefore represents the urban residential area; Children’s park (120° 07′ E, 
29° 29′ 83″ N) is selected as the biotope of park and Choucheng Hospital (120° 09′ E, 29° 33′ 81″ N) is selected as 
the biotope of hospital (The rural residential zone and the urban residential zone are abbreviated as Urban and 
Rural, respectively, in this article’s charts.). The least distance between any pair of biotopes is 3.44 km (Table 1). 
Yiwu city has a typical hilly landform located in the subtropical monsoon climate zone, with an average annual 
temperature of 17 °C and annual precipitation of 1100–1600 mm19. The local climate is ideal for mosquito breed-
ing, and adult mosquitoes are active from April to November each year20. Known as the largest wholesale market 

Figure 1.   Sampling locations and geographical information about Yiwu City.

Table 1.   Distance between biotopes. All distances in kilometers (km).

Urban Park Hospital Rural Pig shelter

Urban 3.44 3.56 7.65 17.89

Park 4.67 10.37 15.36

Hospital 6.10 20.02

Rural 25.50

Pig shelter
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globally, Yiwu city has approximately 500,000 foreign businessmen come for trade annually, and over 15,000 
foreigners hold permanent residency19. Population influx increases the population density of Yiwu city, which 
indirectly facilitating pathogens’ transmission and increasing the risk of mosquito-borne disease outbreaks21.  

The traps.  Two traps were compared: (1) BGM trap (Biogents HmGb, Regensburg, Germany); (2) CDC light 
traps (Lucky Star Environmental Protection Technology Co., Ltd., Wuhan, China). The BGM trap is baited with 
the BG-Sweetscent (Biogents HmGb, Regensburg, Germany) and CO2. BG-Sweetscent is an artificial odor that 
mimics scents found on human skin. The primary constituents of BG-Sweetscent are lactic acid, ammonia, and 
fatty acids. A gas cylinder supplies CO2 at a flow rate of 0.5 kg/day (the recommended flow rate by the Biogents 
company). The CDC light trap attracts mosquitoes with the UV light. BGM traps were placed on the ground 
following manufacturers’ instructions; the CDC trap was hung on trees or other supports (1.5 m above ground).

Experimental design.  Field trials started from May 21st, 2018 to November 31st, 2018. The sampling was 
conducted twice a month, with one on the 5st day of each month and the other on the 21st day of each month. 
Traps were set up 1 h before the sunset and removed 1 h after sunrise the next day; this was a sampling period. 
Each pair of traps (one BGM trap and one CDC lighting trap) were placed in five different biotopes in turn. At 
each biotope, two traps were separated 50 m from each other. In the next trapping period, the two traps rotate 
to the counterpart’s place to reduce sampling point specific differences. After the end of the trapping period, 
mosquitoes were brought back to the laboratory for classification and identification. By referring to Lu22, we 
identified morphologically all collected mosquitoes in the laboratory after the end of each trapping period. 
Due to the morphological similarity between Cx. pipiens pallens and Cx. quinquefasciatus, our research did not 
distinguish the two species, and instead, we summarized morphologically similar mosquitoes into Cx. pipiens 
sensu lato (s.l.).

Statistical analysis.  The dataset includes 1300 sex-specific observations, and 917 among 1300 recorded no 
mosquito, which indicates a risk of zero-inflation influence existing in buildings. To eliminate the effect of zero-
inflation, a zero-inflated generalized linear mixed model was used to analyze the effect of the BGM trap device 
and the CDC trap device on total counts of mosquitoes caught per trap, counts of mosquitoes caught by species 
per trap, counts of mosquitoes caught by sex per trap, and counts of mosquitoes caught per trap in different 
biotopes. The dependent variable of our model is count data, which might fit Poisson distribution. However, the 
overdispersion test indicates our model is over-dispersed (p value < 0.001). To counteract the count data’s over-
dispersion, zero-inflated negative binomial regression models were built in our study. We treat the test timing 
and biotopes as random variables to account for the variations in temperature, humidity, and other confounding 
effects during the study periods. All analyses and model examinations were conducted in R 3.6.3, with functions 
from the packages glmmTMB, tidyverse, emmeans, multcomp, ggplot2, DHARMa23–29. Sex ratio difference of 
trapped mosquitoes between CDC light traps and BGM traps were calculated by X2-test.

Results
A total of 13 sampling periods were completed across the study, with 65 trap comparisons evenly conducted 
in 5 different biotopes. We, with two different-type traps, collected 7406 mosquitoes in total during the study 
process, including 4636 Cx. pipiens s.l., 1183 Cx. tritaeniorhynchus, 1511 Ae. albopictus, 26 An. sinensis, and 50 
Ar. subalbatus (Table 2). Both traps caught all five species by the end of this study, but the proportion of different 
mosquito species caught varied by traps (Table 2). The overall female-to-male sex ratios of individuals caught 
in the BGM trap, and CDC light trap, were both 4:1. Only for the Cx. pipiens s.l., the female-to-male sex ratio of 
the BGM trap was significantly higher than the CDC light trap (Table 2). During each trapping period, the BGM 
trap caught significantly more mosquito individuals than the CDC trap, in an urban residential area, park, and 
hospital (Table 3, Fig. 2). In contrast to comparisons in the other four biotopes, the CDC trap has a significantly 
better performance in the pig shelter (Table 3, Fig. 2).

The performance of the BGM trap and CDC trap in catching mosquitoes varies by mosquito species 
(Table 4a,b, Fig. 3). In terms of capturing Cx. pipiens s.l., An. Sinensis, Ar. subalbatus, no significant difference 
between the BGM trap and the CDC trap was observed. As for Ae. albopictus, the BGM trap caught significantly 
more individuals than the CDC trap per trapping period (p < 0.001). By contrast, for Cx. tritaeniorhynchus, the 
CDC trap caught significantly more individuals each time (p = 0.0188). Due to the fact that adult male mosquitos 
do not bite humans, mosquito-borne disease transmission should be mainly attributed to adult female mosquitos. 
Therefore, our study separated the female and analyzed BGM and CDC traps’ effect on trapping female mosqui-
toes specifically. Results show that the BGM trap’s overall performance across all biotopes is better in trapping 
Ae. albopictus than the CDC trap (Table 4b).  

Also, even for the same species, the CDC trap and the BGM trap’s performance can vary by biotopes (Fig. 4, 
Table 5a,b). Of note, for capturing Ae. albopictus (both sexes and female only), the BGM trap had a significantly 
better performance in all biotopes except the pig shelter. The population changes of Cx. pipiens s.l. and Ae. 
albopictus over time was shown in Fig. 5. For Cx. pipiens s.l., the number of captures by BGM traps does not 
significantly differ that by CDC traps, while more mosquitoes distribute in the hospital, the rural residential area, 
and the Pig shelter (Z = 5.258, 3.620, 2.484; p = 1.46e−07, 0.0003, 0.013, Table 6). Also, two traps depicted similar 
trends of population changes of Cx. pipiens s.l. (Fig. 5). For Ae. albopictus, the capture number of BGM traps is 
significantly more than the number of CDC traps (Z = −4.587; p = 4.50e−06; Table 6). Meanwhile, Ae. albopictus 
were less likely to be trapped in the pig shelter than the other four places (Z = −1.7575; p = 0.00128; Table 6, 
Fig. 5). The population change of Ae. albopictus is more conspicuous in BGM traps than in CDC traps (Fig. 5).
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Discussion
Field evaluations of BGS traps have been conducted in studies all over the world, and most results show that BGS 
traps with CO2 baits and attractants are efficient in capturing multiple mosquito species including Ae. Aegypti, 
An. Darlingi, Anopheles atroparvus, Aedes caspius, etc30–34.

Researchers in mainland China also conducted researches with BGS traps, however, the trap’s performances 
are not consistent across studies. Liu et al.35 placed 20 BGS traps in Jinghong for a total of 240 h and only cap-
tured 26 mosquitoes. Chen et al.36 compared four adult mosquito monitoring methods in Yongcheng city, Henan 
province, and found BGS traps were inferior than CDC light trap in terms of Cx. tritaeniorhynchus, An. sinensis, 
Ae. albopictus and Ar. Subalbatus. In contrast, Li et al.37 found that the BGS is more effective than the CDC light 
trap in sampling adult Ae. albopictus (Z = −25.13, p < 0.001).

Since the BGM trap has the same mechanism as the BGS trap, the performance of the BGM trap in China 
needs to be studied. To now, only one research in China conducted a field evaluation of BGM traps and human-
baited double net traps in trapping Ae. Albopictus, and the results show BGM traps are more efficient than the 
human-baited double net traps (t = 2.786, p = 0.006)38.

In our study, the different results depending on biotope could be partially explained by the difference in the 
two traps’ working mechanism. The BGM trap captures mosquitoes by emitting CO2 with human skin odor, 
while the CDC trap uses light to attract mosquitoes. Pig shelters are usually dark and full of smell, and hogs 
within the shelter will produce a massive amount of CO2 through metabolism. In this environment, the BGM 
trap’s odor can be largely diluted, and the gas would conceal CO2 emission from the trap within the pig shelter. 
In contrast, the CDC trap’s light can easily catch mosquitoes’ attention in the dark environment. Thus, it seems 
clear that CDC light trap should be used to collect mosquitoes in pig shelters, while the BGM trap can be used 
in other biotopes where the trap’s odor and CO2 emission will not be interrupted.

Table 2.   Number and percentage of mosquitoes caught by species and by sex with two types of trapping 
devices. Significance level in the two-tailed test sets as 0.05.

Species

BGM trap CDC light trap

Sex ratio differenceCount Proportion (%) Count Proportion (%)

Cx. pipiens s.l

Female 1749 47.05% 1903 52.28% X2 = 69.263

Male 325 8.74% 659 16.73% p < 2.2e−16

Cx. tritaeniorhynchus

Female 157 4.22% 906 24.89% X2 = 3.794

Male 10 0.27% 110 3.05% p = 0.0514

Ae. albopictus

Female 993 26.72% 57 1.57% X2 = 1.1458

Male 442 11.89% 19 0.55% p = 0.2844

An. sinensis

Female 10 0.27% 15 0.38%
NA

Male 0 0.00% 1 0.03%

Ar. subalbatus

Female 31 0.83% 19 0.52%
NA

Male 0 0.00% 0 0.00%

Total

Female 2940 79.10 2900 79.64 X2 = 0.33578

Male 777 20.90 789 20.36 p = 0.5623

Total 3717 100% 3689 100%

Table 3.   Statistical difference of numbers of mosquitoes caught per sampling period by locations between two 
types of trapping devices. S.E. standard error. Significance level in the two-tailed test sets as 0.05.

Species Method Estimate S.E. t-value p value

Urban BG trap versus CDC trap 1.1183 0.3981 − 2.809 0.00497

Park BG trap versus CDC trap 0.8828 0.3554 − 2.484 0.01300

Hospital BG trap versus CDC trap 1.7706 0.5073 − 3.490 0.00048

Rural BG trap versus CDC trap 0.2186 0.2629 − 0.831 0.40600

Pig shelter BG trap versus CDC trap − 1.9180 0.2866 6.692 2.2E−11
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Figure 2.   Average number of mosquitoes caught per sampling period by two types of trapping devices among 
five different biotopes.

Table 4.   Statistical differences of (a) numbers of mosquitoes per sampling period, (b) numbers of female 
mosquitoes per sampling period by species between two types of trapping devices. S.E. standard error. 
Significance level in the two-tailed test sets as 0.05.

Species Method Estimate S.E. t-value p value

(a)

Cx. pipiens s.l BG trap versus CDC trap 0.07515 0.25658 0.293 1

Cx. tritaeniorhynchus BG trap versus CDC trap − 1.45339 0.45891 − 3.167 0.0188

Ae. albopictus BG trap versus CDC trap 2.16439 0.35104 6.166  < 0.0010

An. sinensis BG trap versus CDC trap − 0.14678 0.57030 − 0.257 1

Ar. subalbatus BG trap versus CDC trap 0.44874 0.45575 0.985 1

(b)

Cx. pipiens s.l BG trap versus CDC trap 0.56394 0.28113 2.006 0.679357

Cx. tritaeniorhynchus BG trap versus CDC trap − 1.20605 0.47850 − 2.520 0.287196

Ae. albopictus BG trap versus CDC trap 2.15010 0.39352 5.363 2.69E–06

An. sinensis BG trap versus CDC trap 0.09139 1.05571 0.087 1

Ar. subalbatus BG trap versus CDC trap 0.90617 0.93322 0.971 1
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Consistent with a comparative evaluation in Guangdong Province, China that compares the BGS trap to 
other-brand traps, our study found that the BGM trap caught significantly more Ae. albopictus than the CDC 
trap37. Our further analysis found that in all biotopes except pig shelter, BGM traps all outperformed CDC 
traps in terms of amount of Ae. albopictus trapped. The exception could still be explained by pig shelter’s unique 
characteristics, which impeded the BGM trap mechanism. Moreover, our finding that the number of individuals 
caught differs by sex is similar to other field evaluation’ findings in Guangdong Province37. This phenomenon 
could be explained by the biological difference between female and male mosquitoes that the human-skin odor 
is more attractive to females than males. The male mosquitoes usually stay in the wild and eat nectar, rather than 
suck human blood in areas where humans live39.

In our study, the overall performance of the BGM trap is not significantly different from that of the CDC trap 
in trapping Cx. pipiens s.l. (p = 0.5623) (Table 3). This result is inconsistent with a Germany study that the BG 
trap is superior to any other traps, including CDC light traps, in capturing Cx. pipiens s.l., but consistent with 
a Spanish study and a Dutch study30,40,41. The performance of traps varies across biotopes. We found the same 
situation that the CDC trap outperformed in the pig shelter environment. However, the BGM traps inversely 
outperformed in the hospital environment. The former phenomenon can still be attributed to the mechanism 

Figure 3.   Average number of mosquitoes caught per sampling period per specie or all species by two types of 
trapping devices.
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difference between two traps, while the latter mechanism remains unclear. We researchers speculated that numer-
ous lighting devices in the hospital would keep turning on even at midnight, which indirectly helps BGM traps 
intrigue mosquitoes.

To represent the population dynamics of the most common mosquito species in Yiwu city (Cx. pipiens s.l. 
and Ae. albopictus), our study used both BGM traps and CDC traps to monitor the populations’ fluctuation of 
these two mosquito species in five biotopes (Fig. 5, Table 6). Our study shows that BGM traps were more sensi-
tive to the population change of Ae. albopictus, except in the pig shelter; while BGM traps can depict better, or 
at least equivalent, fluctuations of Cx. pipiens s.l. numbers than CDC traps do, except in the pig shelter. All these 
findings suggest the BGM trap is suitable for mosquito surveillance in China.

The price of BG-Mosquitaire CO2 Bundle, consisting of a BGM trap, a BG-Sweetscent (lasting for 2 months), 
and a BG-Booster CO2, is $ 279.0042. Since the Bundle does not include a CO2 gas cylinder which costs about 
$70.00 for 5 lb., the total price of operating a BGM trap is $350.00. By contrast, the price of a domestic CDC light 
trap is only $30.00. Due to the high cost and relatively late development, the BGM trap has not been ever used 
in Chinese mosquito surveillance until now. However, our study has shown that the BGM trap is more effective 
than the CDC light trap in collecting Ae. albopictus, the recognized vector of Dengue virus, therefore should 

Figure 4.   Average number of mosquitoes caught per sampling period per species in different biotopes by two 
types of trapping devices. Only comparisons including at least one value no less than 1.0 were shown.
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can be used in the dengue surveillance. Furthermore, for the other four common mosquito species in China, no 
significant difference in effectiveness between the BGM trap and CDC trap was detected in four out of the five 
typical biotopes (except in Pig shelter). Given the limited involvement of pig shelters, compared to urban/rural 
residential areas, parks, and hospitals, we can say the BGM trap is more suitable than the CDC light trap to be 
used in daily mosquito surveillance.

Our study has several limitations: (1) Our study did not set replicates for the field evaluation in five biotopes 
over the study periods due to limited human resources. Thus, the representativeness of mosquito distribution in 
five biotopes and the and external validity of the effectiveness of mosquito trapping devices in each biotope was 
decreased. (2) Our study aims to compare the effectiveness of mosquito trapping methods commonly used in 
Chinese mosquito surveillance to BGM traps. In other words, we simulate the operation by not adding CO2 bait 
to CDC light traps. However, in this study, to maximize BGM traps’ function, we added both BG-Sweetescent 
bait and CO2 bait to BGM traps. The difference in equipped bait could potentially influence the results by intrin-
sically larger attractant effect of BGM traps. Thus, future study should also include a group of CDC light traps 
with CO2 bait as a comparison.

Table 5.   Statistical differences of (a) numbers of mosquitoes per sampling period, (b) numbers of female 
mosquitoes per sampling period by species by different locations between two types of trapping devices. S.E. 
standard error. Significance level in the two-tailed test sets as 0.05. Only significant differences were shown.

Method Specie Biotope Estimate S.E. t-value p value

(a)

BG trap VS. CDC trap

Cx. pipiens s.l
Hospital 1.4660 0.3797 3.861 0.00388

Pig shelter − 1.8230 0.3852 − 4.733 2.21E–06

Cx. tritaeniorhynchus Pig shelter − 1.8342 0.5379 − 3.410 0.02064

Ae. albopictus

Urban 2.5596 0.4784 5.351 5.01E−06

Park 2.5803 0.4640 5.561 1.89E−06

Rural 3.0048 0.5239 5.735 8.71E−07

(b)

BG trap VS CDC trap

Cx. pipiens s.l
Hospital 1.7627 0.4392 4.013 0.00260

Pig shelter − 1.6286 0.4484 − 3.632 0.00811

Cx. tritaeniorhynchus

Hospital − 2.5851 0.9627 − 2.685 0.06451

Rural 2.7734 0.6556 4.230 0.00076

Pig shelter − 1.7856 0.3411 − 5.235 2.15E−05

Ae. albopictus

Urban 2.3234 0.6871 3.382 0.0300

Park 3.1234 0.5523 5.655 5.32E−06

Hospital 3.2534 0.8947 3.636 0.01399

Rural 3.1268 0.6522 4.794 0.00020

Table 6.   Results of zero-inflated negative binomial regression analysis in the field study (for Cx. pipiens s.l. 
and Ae. albopictus).

Species Coefficients Estimate S.E. Z-value p value

Cx. pipiens s.l

Intercept 2.0758 0.3466 5.989 2.12e−09

CDC light trap − 0.3412 0.4277 − 0.798 0.425070

Habitat (Park) 0.1614 0.4328 0.373 0.70917

Habitat (Hospital) 2.2344 0.4250 5.258 1.46e−07

Habitat (Rural) 1.5171 0.4191 3.620 0.000295

Habitat (Pig Shelter) 1.2171 0.4538 2.484 0.013006

Ae. albopictus

Intercept 2.5870 0.4678 5.530 3.21e−08

CDC light trap − 2.5802 0.5625 − 4.587 4.50e−06

Habitat (Park) 0.1464 0.4963 0.295 0.76809

Habitat (Hospital) 0.8037 0.5087 1.580 0.11411

Habitat (Rural) − 0.2112 0.5380 − 0.393 0.69465

Habitat (Pig Shelter) − 1.7575 0.5458 − 3.220 0.00128
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Conclusion
We recommend that researchers and institutions with enough financial capacity to take advantage of the BGM 
trap to monitor mosquito and further control local arbovirus transmission.

Received: 22 September 2020; Accepted: 23 December 2020

References
	 1.	 Ab, F. Mosquitoes as vectors of arboviruses: an endless story. Biol. Aujourdhui. 212, 89–99 (2018).
	 2.	 Ying, W. Strategies, achievements and challenges of mosquito control in China. China Trop. Med. 19, 807–811 (2019).
	 3.	 Liu, Q. Y. Epidemic profile of vector-borne diseases and vector control strategies in the new era. Chin J. Vector Biol. Control 30, 

1–6 (2019).
	 4.	 Wu, D. et al. Chikungunya outbreak in Guangdong Province, China, 2010. Emerg. Infect. Dis. 18, 493–495 (2012).
	 5.	 Liu, Q. Y. et al. Mosquitoes established in Lhasa city, Tibet China. Parasites Vectors 6, 224 (2013).
	 6.	 Wang, J. L. et al. Distribution of mosquitoes and mosquito-borne arboviruses in Yunnan Province near the China–Myanmar–Laos 

border. Am. J. Trop. Med. Hyg. 84, 738–746 (2011).
	 7.	 Wu, J. Y., Lun, Z. R., James, A. A. & Chen, X. G. Dengue fever in mainland China. Am. J. Trop. Med. Hyg. 83, 664–671 (2010).
	 8.	 Wang, H. Y., Li, Y. X., Liang, X. F. & Liang, G. D. Japanese encephalitis in mainland China. Jpn. J. Infect. Dis. 62, 331–336 (2009).
	 9.	 Gao, J. R. et al. Attracting effects of carbon dioxide lamps versus ultraviolet light on mosquitoes. Chin. J. Hyg. Insect Equip. 21, 

375–377 (2015).
	10.	 Guzman, M. G., Gubler, D. J., Izquierdo, A., Martinez, E. & Halstead, S. B. Dengue infection. Nat. Rev. Dis. Primer 2, 16055 (2016).

Figure 5.   Population dynamics of Cx. pipiens s.l. and Ae. albopictus trapped by two types of trapping devices 
in five different biotopes. Points are mean values of numbers of individuals caught in specific month with 95% 
confidence intervals.



10

Vol:.(1234567890)

Scientific Reports |          (2021) 11:294  | https://doi.org/10.1038/s41598-020-80618-1

www.nature.com/scientificreports/

	11.	 Guo, Y. H. et al. National vectors surveillance report on mosquitoes in China, 2018. Chin. J. Vector Biol. Control 30, 128–133 (2019).
	12.	 Liu, Q. Y. Research progress on the vector surveillance and early-warning. Disease Surveill. 33, 123–128 (2018).
	13.	 Williams, C. R., Long, S. A., Russell, R. C. & Ritchie, S. A. Field efficacy of the BG-sentinel compared with CDC backpack aspira-

tors and CO2-baited EVS traps for collection of adult Aedes aegypti in Cairns, Queensland Australia. J. Am. Mosq. Control Assoc. 
22, 296–300 (2006).

	14.	 Lacroix, R., Delatte, H., Hue, T., Dehecq, J. S. & Reiter, P. Adaptation of the BG-sentinel trap to capture male and female Aedes 
albopictus mosquitoes. Med. Vet. Entomol. 23, 160–162 (2009).

	15.	 Akaratovic, K. I. & Kiser, J. P. First record of Culex coronator in Virginia, with notes on its rapid dispersal, trapping methods, and 
biology. J. Am. Mosq. Control Assoc. 33, 225–228 (2017).

	16.	 Schmidt, T. L. et al. Local introduction and heterogeneous spatial spread of dengue-suppressing Wolbachia through an urban 
population of Aedes aegypti. PLoS Biol. 15, e2001894 (2017).

	17.	 Degener, C. M. et al. Field trials to evaluate the effectiveness of the Biogents®-Sweetscent lure in combination with several com-
mercial mosquito traps and to assess the effectiveness of the biogents-mosquitaire trap with and without carbon dioxide. J. Am. 
Mosq. Control Assoc. 35, 32–39 (2019).

	18.	 National Health Commission of the People’s Republic of China. Chinese National Pilot Program for Vector Surveillance (2005).
	19.	 Yiwu Statistics Bureau. National Economic and Social Development Statistical Bulletin (2018).
	20.	 Liu, Q. M. et al. Surveillance of insecticide resistance and density of the dengue vector Aedes albopictus in four prefectures of 

Zhejiang province, China, 2018. Chin. J. Vector Biol. Control 31, 263–267 (2020).
	21.	 Sun, J. M. et al. Dengue virus serotype 3 subtype III, Zhejiang Province China. Emerg. Infect. Dis. 17, 321–323 (2011).
	22.	 Lu, B. L. Diptera Culicidae 1: Fauna Sinica Insecta Vol. 8, 200–289 (Science Press, Beijing, 1997).
	23.	 R Core Team. R: the R project for statistical computing (2013).
	24.	 Brooks, M. E. et al. glmmTMB balances speed and flexibility among packages for zero-inflated generalized linear mixed modeling. 

R J. 9, 378 (2017).
	25.	 Wickham, H. and RStudio. tidyverse: easily install and load the ‘Tidyverse’ (2019).
	26.	 Lenth, R. et al. emmeans: Estimated marginal means, aka least-squares means. R Package Version 1, 3 (2020).
	27.	 Hothorn, T. et al. multcomp: Simultaneous inference in general parametric models. Biom. J. J. Math. Methods Biosci. 50, 346–363 

(2020).
	28.	 Wickham, H. ggplot2: elegant graphics for data analysis (Springer Publishing Company, Incorporated, 2009).
	29.	 Hartig, F. & Lohse, L. DHARMa: residual diagnostics for HierArchical (multi-level/mixed) regression models. R Package Version 

1, 5 (2020).
	30.	 Roiz, D. et al. Efficacy of mosquito traps for collecting potential West Nile mosquito vectors in a natural Mediterranean wetland. 

Am. J. Trop. Med. Hyg. 86, 642–648 (2012).
	31.	 Maciel-de-Freitas, R., Eiras, A. E. & Lourenço-de-Oliveira, R. Field evaluation of effectiveness of the BG-Sentinel, a new trap for 

capturing adult Aedes aegypti (Diptera: Culicidae). Mem. Inst. Oswaldo Cruz. 101, 321–325 (2006).
	32.	 Bhalala, H. & Arias, J. R. The Zumba mosquito trap and BG-sentinel trap: novel surveillance tools for host-seeking mosquitoes. 

J. Am. Mosq. Control Assoc. 25, 134–139 (2009).
	33.	 Hiwat, H., De Rijk, M., Andriessen, R., Koenraadt, C. J. & Takken, W. Evaluation of methods for sampling the malaria vector 

Anopheles darlingi (Diptera, Culicidae) in suriname and the relation with its biting behavior. J. Med. Entomol. 48, 1039–1046 (2011).
	34.	 Marco, P. et al. Evaluation of a protocol for remote identification of mosquito vector species reveals BG-sentinel trap as an efficient 

tool for Anopheles gambiae outdoor collection in Burkina Faso. Malar. J. 14, 161 (2015).
	35.	 Liu, X. B. et al. Surveillance of adult Aedes mosquitoes in response to the outbreakof dengue fever in Xishuangbanna using BG-

sentinel mosquito trap. Chin. J. Vector Biol. Control 25, 97–100 (2014).
	36.	 Chen, C. W. et al. Comparative efficacy of four adult mosquito surveillance tools in Yongcheng city. Chin. J. Vector Biol. Control 

28, 526–529 (2017).
	37.	 Li, Y. J. et al. Comparative evaluation of the efficiency of the BG-sentinel trap, CDC light trap and Mosquito-oviposition trap for 

the surveillance of vector mosquitoes. Parasites Vectors 9, 446 (2016).
	38.	 Wei, L. Y. et al. Effectiveness of double mosquito net and BG-trap for emergency vector surveillance during dengue fever epidem-

ics: a comparative study. Chin. J. Vector Biol. Control 30, 65–68 (2019).
	39.	 Zhou, M. & Chu, H. Application for Vector Biological Control (Suzhou University Publishing House, Suzhou, 2014).
	40.	 Lühken, R. et al. Field evaluation of four widely used mosquito traps in Central Europe. Parasites Vectors 7, 268 (2014).
	41.	 Reusken, C., De Vries, A., Ceelen, E., Beeuwkes, J. & Scholte, E.-J. A study of the circulation of West Nile virus, Sindbis virus, Batai 

virus and Usutu virus in mosquitoes in a potential high-risk area for arbovirus circulation in the Netherlands, “De Oostvaarder-
splassen”. Eur. Mosq. Bull. 29, 66–81 (2011).

	42.	 BG-Mosquitaire CO2 gegen sämtliche Stechmückenarten. Biogents Webshop EU. https​://eu-shop.bioge​nts.com/produ​cts/bg-mosqu​
itair​e-co2-br-small​-gegen​-alle-stech​mucke​narte​n-small​-gegen​-alle-stech​mucke​narte​n.

Acknowledgements
This work was granted by the National Critical Project for Science and Technology on Infectious Diseases of P. R. 
China (No. 2017ZX10303404). We thank Cai Jian and He Fan of Zhejiang Provincial Center for Disease Control 
and Prevention for their guidance on the data analysis of this experiment.

Author contributions
Z.G., Z.W. and X.D. guaranted the integrity of entire study. J.H. and Y.W. designed experiments. Y.W. and X.Z. 
carried out experiments. Y.W, Q.L., J.W. and T.L. identified the mosquito. Z.M. analyzed experimental data and 
wrote the drafts of the manuscript with J.H.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Z.G., X.D. or Z.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://eu-shop.biogents.com/products/bg-mosquitaire-co2-br-small-gegen-alle-stechmuckenarten-small-gegen-alle-stechmuckenarten
https://eu-shop.biogents.com/products/bg-mosquitaire-co2-br-small-gegen-alle-stechmuckenarten-small-gegen-alle-stechmuckenarten
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |          (2021) 11:294  | https://doi.org/10.1038/s41598-020-80618-1

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Field evaluation of two mosquito traps in Zhejiang Province, China
	Study site. 
	The traps. 
	Experimental design. 
	Statistical analysis. 
	Results
	Discussion
	Conclusion
	References
	Acknowledgements


