

[image: image1]
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West Nile virus (WNV) is an arbovirus, which causes widespread zoonotic disease globally. In China, it was first isolated in Jiashi County, Kashgar Region, Xinjiang in 2011. Determining the vector competence of WNV infection has important implications for the control of disease outbreaks. Four geographical strains of Aedes Albopictus (Ae. Albopictus) in China were allowed to feed on artificial infectious blood meal with WNV to determine the infection and transmission rate. The results indicated that four strains of Ae. Albopictus mosquitoes could infect and transmit WNV to 1- to 3-day-old Leghorn chickens. The infection rates of different strains were ranged from 16.7 to 60.0% and were statistically different (χ2 = 12.81, p < 0.05). The highest infection rate was obtained from the Shanghai strain (60.0%). The transmission rates of Ae. Albopictus Shanghai, Guangzhou, Beijing, and Chengdu strains were 28.6, 15.2, 13.3, and 6.7%, respectively. Furtherly, the results reveal that Ae. Albopictus Beijing strain infected orally can transmit WNV transovarially even the eggs are induced diapausing. The study confirmed that WNV could survive in the diapause eggs of Ae. Albopictus and could be transmitted to progeny after diapause termination. This is of great significance for clarifying that the WNV maintains its natural circulation in harsh environments through inter-epidemic seasons.
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INTRODUCTION

West Nile virus (WNV) is an important zoonotic arbovirus of the family Flaviviridae (Heinz et al., 2000). It was first isolated in Africa in 1937 and circulated in a transmission cycle involving mosquitoes and birds (Gray and Webb, 2014; Chancey et al., 2015). West Nile fever is a global emerging disease. There are a large variety of habitats for migrating birds and resident birds in mainland China. Infectious migrating birds likely were important in WNV amplification (Julian et al., 2002). Therefore, there would be an endemic risk of WNV in China. Serological results for WNV infection in birds and humans suggested that enzootic transmission existed in China (Li et al., 2013). The human infections of WNV were reported in 2013 in Xinjiang (Lu et al., 2014; Cao et al., 2017, 2019). WNV was isolated from mosquitoes firstly in Xinjiang in western China (Lu et al., 2014; Zhang et al., 2021). Therefore, increasing geographic distribution and circulation of WNV infection in mainland China should be noted.

West Nile virus has been isolated in 43 different ornithophilic Culex mosquito species that include Aedes and Ochlerotatus (Centers for Disease Control and Prevention [CDC], 2003). In China, four Culex mosquitoes were confirmed to be capable of WNV infection and transmission (Jiang et al., 2010). Aedes Albopictus (Ae. Albopictus) Skuse is widely distributed in mainland China with a range extending from south to Hainan Island, north to Shenyang in Liaoning Province, west to Tianshui and Longnan in Gansu Province, and southwest to Motuo in Tibet in China (Lu, 1990). Viral isolation and vector competence studies have established the efficiency of Ae. Albopictus in the transmission of more than 20 arboviruses (Paupy et al., 2009). Ae. Albopictus is considered a classic bridge vector between zoonotic arboviruses and humans due to its opportunistic feeding behavior (Paupy et al., 2009; Fortuna et al., 2015).

The study on the susceptibility of three North American Ae. Albopictus strains (Frederick County, Maryland, FRED strain; Cheverly, MD, CHEV strain; Chambers and Liberty counties, Texas, TAMU strain) to WNV revealed that the susceptibility of the strain from a Hawaiian source (OAHU strain) and TAMU was similar, but different from the FRED and CHEV strains (Sardelis et al., 2002). Currently, little is known about whether Ae. Albopictus plays a role in WNV transmission in China. Due to the widespread distribution in China, along with its opportunistic feeding behavior, ecological adaptability, and propensity, the aim of the present study was to evaluate the vector competence of Ae. Albopictus. The study presents the oral susceptibility and vector competence of four geographical strains of Ae. Albopictus to WNV. Four Ae. Albopictus strains are crossing subtropical and temperate regions of China. The results would deepen to the understanding of WNV infection and transmission in different mosquito strains. It would enhance the system of surveillance and control of vectors to prevent the outbreak of WNV in China.

Aedes Albopictus egg undergoes facultative diapause as the mechanism for surviving unfavorable environments, such as winter or arid and frigid environments (Hong et al., 1971). Therefore, the egg diapause mechanism may contribute to arbovirus preservation. A previous study has confirmed that the Japanese encephalitis virus can survive in dried infected Ae. Albopictus eggs for 2 months (Rosen et al., 1978). Additionally, dengue virus 2 was detected in diapause eggs of Ae. Albopictus (Guo et al., 2007) and transmitted to progeny after diapause termination (Guo et al., 2004). Diapausing behavior may provide an important mechanism for the maintenance of arbovirus under adverse climatic conditions. This work is aimed to confirm the possibility of WNV surviving in the cold season and playing a possible role in an endemic cycle in the next year.



MATERIALS AND METHODS


Ethics Statement

The study was conducted in the Animal Biosafety Level 3 (ABSL-3) facility. All of the experimental protocols involving animals were approved by the Laboratory Animal Center of the State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology, and Epidemiology Institutional Animal Care and Use Committee (IACUC, the permit number is BIME 2011-2009). The animals were performed in strict accordance with the recommendations of the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health.



Mosquitoes

Four geographical strains of Ae. Albopictus were originally collected in Guangzhou city (GPS location: 23°08′N and 113°14′W) in 1996, Shanghai city (GPS location: 31°15′N and 121°30′W) in 1995, Chengdu city (GPS location: 30°05′N and 102°54′W) in 1996, and Beijing city (GPS location: 39°56′N and 116°20′W) in 1997, respectively. Mosquitoes were maintained at 25 ± 1°C and 75 ± 5% relative humidity (RH) under a 14-h light/10-h dark (LD) photoperiod. F30 generation of Ae. Albopictus mosquitoes was used in this study. In addition, the Guangzhou strain and Beijing strain of Ae. Albopictus were collected in the wild in 2004 and 2005, separately. Mosquitoes were domesticated to F3 generation in the laboratory for transmission efficiency evaluation.



Virus Strain and Cell Line

The WNV strain (GenBank AY490240) was provided by the Microbial Culture Collection Center, Beijing Institute of Microbiology and Epidemiology. It had been passaged six times in Vero cells. Viral titer was 107.0–107.5 PFU/ml. Vero cells were cultivated in Dulbecco’s modified Eagle’s medium (DMEM) (GIBCO™, Invitrogen, Beijing, China) containing 10% fetal bovine serum (FBS) and placed in an incubator of 37°C and 5% CO2.



Mosquito Infection

Three- to five-day-old female mosquitoes were deprived of glucose solution and water for 24 h prior to infection. The infectious blood meal was composed of 1:1:1 mouse blood and virus and an 8% sugar solution. The viral titer of infectious blood meals was 106.7–106.9 PFU/ml. Mosquitoes were offered a WNV infectious blood meal for 1 h using a Hemotek membrane feeding system housed in a feeding chamber that was constantly warmed to 37°C. One hundred and fifty engorged female mosquitoes were selected under CO2 sedation for each geographical strain and transferred to three small cages (50 mosquitoes/cage), respectively. Engorged mosquitoes were reared under CO2 sedation and incubated under 29 ± 1°C and 80 ± 5% RH with a 14:10 (light:dark) photocycle.



Virus Assay and Reverse Transcription-Polymerase Chain Reaction

West Nile virus-exposed samples were detected by reverse transcription-polymerase chain reaction (RT-PCR). The PCR primers included a pair of universal primers, Primer 1 (P1): P1:5′-TTG TGT TGG CTC TCT TGG CGT TCTT and Primer 2 (P2): 5′-CAG CCG ACA GCA CTG GAC ATT CATA. The RNA extraction was performed using TRIzol reagent (Invitrogen) according to the recommendations of manufacturers. Viral RNA extract was transcribed into cDNA using RNA PCR Kit (AMV) version 2.1 [Takara Biotechnology (Dalian) Co., Ltd., Shiga, Japan]. The resulting cDNA was used as a template in the subsequent PCR reaction. The PCR amplifications were carried out through 45 cycles at 94°C for 30 s, 58°C for 30 s, 72°C for 1 min, and final extension at 72°C for 7 min. Furtherly, some WNV-exposed samples were selected randomly to identify by C6/36 culture isolation. Virus isolation was processed as described in Jiang et al.’s (2006) study. That is, the supernatants of infected mosquitoes or Leghorn chicken blood were passed through a filter with pores of 0.22 μm in diameter and inoculated into duplicate wells of C6/36 cell microplate cultures. After 1.5 h incubation at 37°C, cells were maintained at 37°C in DMEM supplemented with penicillin (100 U/ml), streptomycin (100 μg/ml), and 5% FBS for 7 days.



Transmission Experiment of Four Geographic Strains of Aedes Albopictus to West Nile Virus

Mosquitoes were deprived of glucose solution and water for 24 h after a 14-day incubation period. One mosquito was allowed to feed on one 1- to 3-day-old Leghorn chicken individually for 30 min. After sucking blood, mosquitoes were killed by freezing at 20°C and were ground individually in 1.0 ml of mosquito diluents to test for the presence of the virus by RT-PCR. Then RNA positive samples were inoculated into C6/36 cells to isolate WNV. On day 2 post-sucking, the chicken blood was collected and serum was separated. The serum was then used to detect viral RNA by RT-PCR and to isolate WNV by inoculation into C6/36 cells.

The infection rate describes the number of mosquitoes infected with WNV in their body in relation to the total number of mosquitoes examined. The transmission rate was calculated as the ratio of the number of mosquitoes that can transmit the virus by biting to the total number of infected mosquitoes (Goddard et al., 2002; Tiawsirisup et al., 2005). The transmission efficiency is the percentage of WNV-positive mosquitoes that can transmit the virus by biting in relation to the total number of engorged mosquitoes.



Mosquito Egg Collection

Eggs from the second and third gonotrophic cycles of Ae. Albopictus Beijing strain were used in this study. Filter paper used as an oviposition substrate was placed in a small container of water after blood meal. After 3 days, filter papers were removed and kept in humid environment for 48 h. Then, eggs were held in desiccators at 25 ± 1°C, 90% RH with a daily photoperiod of 14-h light/10-h dark (LD) for 6 days to permit embryonation (Hanson and Craig, 1994). A schematic representation of the experimental design and infection, transmission, and diapause induction is shown in Figure 1.


[image: image]

FIGURE 1. A schematic representation of the experimental design.




Diapause Induction and West Nile Virus Detection

Following embryonation, eggs were placed into a light cultivation chamber (HPG-280H) (Guangdong Medical Instrument Factory Co., Ltd.) and subjected to a 10-h light/14-h dark (LD) photoperiod and 75% RH was controlled constantly with a supersaturated salt solution (Winston and Bates, 1960). The temperature was decreased 5°C every 2 days from 25 to 10°C. At last, eggs were held at a daily photoperiod of 8-h light/16-h dark (LD) and thermoperiod of 10°C:4°C (LD) and 50% RH for 6 weeks. The diapause induction procedure for uninfected eggs was the same. The control group not in diapause (non-diapause) was maintained at 25 ± 1°C and 14-h light/10-h dark (LD) photoperiod and 75% RH.

Reverse transcription-PCR and virus isolation in C6/36 cells were used to detect WNV in diapausing eggs from the second and third gonotrophic cycles of infected Ae. Albopictus. Pools of diapausing eggs (200 eggs per pool) were detected. Minimum infection rates (MIRs) were calculated using Centers for Disease Control and Prevention (CDC) protocols.1



Diapausing Egg Hatch

Diapausing eggs of Ae. Albopictus Beijing strain were submerged in deoxygenated solution (500 mg larval food was added into 500 ml water for 24 h, the dissolved oxygen concentration was about 0.3–0.5 ppm) to terminate diapause. After 24 h, the number of larvae was counted. All samples then were transferred to non-diapausing conditions [25 ± 1°C and 14-h light/10-h dark (LD)] and hatch was attempted weekly. Unhatched eggs were bleached to clear the chorion to determine embryonation. The bleach solution consisted of 40 g sodium hypochlorite, 10 ml acetic acid, and 1 L of water (Hanson and Craig, 1994). Pools of F1 generation larvae from diapausing and non-diapausing eggs were detected by RT-PCR and virus isolation with C6/36. MIRs were calculated.



Statistical Analysis

The significance of any differences in infection and transmission rates between four geographical strains of Ae. Albopictus were tested with Chi-square and Fisher’s exact tests implemented in the SPSS (GraphPad Software, San Diego, CA, United States) Version 10.0. Values of p < 0.05 were considered significant.




RESULTS


Oral Susceptibility of Four Geographical Strains of Aedes Albopictus

Four geographical strains of Ae. Albopictus were susceptible to infection with WNV after imbibing the virus dose of 106.7–106.9 PFU/ml. The infection rates of four different geographical strains of Ae. Albopictus are shown in Table 1. The infection rates of different strains tested in the study were ranged from 16.7 to 60.0%. There were significant differences in infection rates between the four strains (χ2 = 12.81, p < 0.05). The highest infection rate was found in the Shanghai strain, which was 60.0%. There was no significant difference between the Ae. Albopictus 30 generations and 3 generations mosquito (χ2 = 2.73, p > 0.05) of Guangzhou and Beijing strains. Four RNA-positive samples were inoculated into C6/36 cells to isolate WNV. Cytopathic effect (CPE) was observed on the fifth day after inoculation.


TABLE 1. Infection rate and transmission rate and transmission efficiency of four geographical Aedes Albopictus strains after oral exposure to West Nile virus (WNV).
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Transmission Experiment of Four Geographical Strains of Aedes Albopictus to West Nile Virus

Four geographical strains of Ae. Albopictus were able to transmit WNV to 1- to 3-day-old Leghorn chicken by biting. Transmission rates varied from 40.0 to 47.6% (Table 1). There were no significant differences in transmission rates between the different strains (χ2 = 4.49, p > 0.05). However, there were significant differences in transmission efficiency between the four geographical strains of Ae. Albopictus (χ2 = 103.2, p < 0.05). The transmission efficiency of the Shanghai and Chengdu strains was significantly different (χ2 = 5.149, p < 0.05). The Leghorn chickens were bled on the second day for virus assay by RT-PCR. Leghorn chickens had viral RNA in their blood. The serum of three Leghorn chickens was inoculated into C6/36 cells. CPE was observed on the seventh day after inoculation.



West Nile Virus Detection in Diapausing Eggs

Pools of diapausing and non-diapausing eggs (200 eggs per pool) from the second and third gonotrophic cycles were tested by RT-PCR. An amplification product of the predicted size of 408 bp was evident in diapausing eggs. All RNA-positive homogenates of diapausing and non-diapausing eggs were inoculated in C6/36 cells for virus isolation. CPE was observed 4-day post-inoculation in diapausing and non-diapausing eggs. Both the PCR amplification results and virus isolation in C6/36 cells confirmed that WNV infected diapausing eggs (Table 2).


TABLE 2. West Nile virus (WNV) detection in diapausing eggs of Ae. Albopictus Beijing strain.
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West Nile Virus Detection in F1 Generation Larvae

West Nile virus was detected in F1 generation larvae from diapausing eggs. An amplification product of the predicted size of 408 bp was evident in F1 generation larvae. RNA-positive samples were inoculated into C6/36 cells to isolate the virus. CPE was observed 6-day post-inoculation in F1 generation larvae. The results showed that WNV can be detected in the larvae hatched from diapausing eggs. The MIR of F1 generation larvae from diapausing eggs was 1:1180 in the second gonotrophic cycle and 1:1120 in the third gonotrophic cycle (Table 3). There were no significant differences in the MIR of F1 generation larvae between diapausing and non-diapausing eggs (1:960 and 1:1120, respectively; p > 0.05). There was no significant difference in the MIR in larvae between the second and third gonotrophic cycles (p > 0.05).


TABLE 3. West Nile virus (WNV) detection in F1 generation larvae hatched from diapausing eggs of Aedes Albopictus (Ae. Albopictus) Beijing strain.
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DISCUSSION

West Nile virus is a re-emerging infectious disease and expands its geographic range in Europe and in other parts of the world (Weaver and Reisen, 2010; Koray et al., 2014). In mainland China, the first WNV isolation from mosquitos in Xinjiang and the prevalence of fever of viral encephalitis caused by WNV infection has been recorded (Li et al., 2013; Cao et al., 2017, 2019). Therefore, monitoring WNV infection is important for public health in China.

Vector competence refers to the intrinsic permissiveness of an arthropod vector to infection, replication, and transmission of the virus. In the present study, the infection rate, transmission rate, and transmission efficiency of WNV in four geographical strains of Ae. Albopictus from China were evaluated. Our results showed that four geographical strains of Ae. Albopictus were susceptible to infect with WNV after imbibing the virus dose of 106.7–106.9 PFU/ml. In nature, wild birds (e.g., crows) can produce viral titers of 108 PFU/ml (Cao et al., 2019), and the viral titers 106.7–106.9 PFU/ml are used in this study should be representative of the dose exposed to mosquitoes in nature. Therefore, Ae. Albopictus is able to infect WNV by bloodsucking. The Leghorn chicken bitten by infectious mosquitoes can be infected with WNV, which is the direct evidence for Ae. Albopictus as a potential vector. Current studies mostly agree that the main vector of WNV is Culex, most Culex species are bloodthirsty for bird and play an important role in the WNV maintenance and spread in nature. However, the habit of bloodthirsty birds may reduce the danger of transmitting the virus to mammals, such as humans and horses. The opportunistic feeding behavior of Ae. Albopictus could transmit WNV from the amplifying bird hosts to mammalians and act as “bridge vectors.” Currently, both virus isolation in the field and transmission experiments in the laboratory indicate that Ae. Albopictus is able to transmit WNV and is a possible bridge vector for WNV (Turell et al., 2001; Sardelis et al., 2002). Once the number of virus-infected birds and the population of Aedes mosquitoes increased, the danger of WNV transmission from the natural cycle of mosquito to bird to susceptible animals, such as humans and horses, is heightened.

The latitude of Ae. Albopictus distribution is also extremely wide, being present in regions south of 41°N and with the highest density of south 32°N (Lu, 1990). Different geographic strains of Ae. Albopictus have been shown to vary in their susceptibility to the dengue virus (Woodring et al., 1996). The present study found that four geographic Ae. Albopictus strains from both south and north of China were able to infect and spread WNV, with significantly higher transmission rates for the Shanghai strain, and a lower transmission rate for the Beijing, Chengdu, Guangzhou strains. There were significant differences in transmission efficiency between the four geographical strains of Ae. Albopictus (p < 0.05). Ae. Albopictus should therefore be considered a WNV vector in regions of China. The results indicated that Ae. Albopictus exhibits geographic variation in vector competence to WNV. A further study on the genetic basis of vector infection and the competence of different geographic strains to transmit WNV should be conducted. In addition, statistical analysis indicated that there were no significant differences between a laboratory strain and field strain on WNV susceptibility (p > 0.05). The results showed that there was no significant effect of generation on susceptibility to WNV.

Egg diapause is an essential condition for Ae. Albopictus to overwinter and/or survive in harsh environments through inter-epidemic seasons. Eggs from two gonotrophic cycles of WNV-infected mosquitoes were collected and inducted diapause. The present study confirmed that WNV can live in the overwintering diapause eggs of Ae. Albopictus and transmit to the offspring, which plays a positive role in maintaining the survival and long-distance transmission of the virus under adverse conditions. At the same time, Ae. Albopictus is widely distributed in China, and China’s climate conditions are complex. Most areas in the north are cold and dry in winter, and the RH is basically maintained at about 50%, while most areas in the south are cold and humid in winter, and the RH is maintained at about 75%. The results of this study show that WNV can survive in the diapause eggs of Ae. Albopictus at 50% RH and transmit to the offspring, which suggests that WNV may maintain its transmission cycle in nature through the diapause eggs of Ae. Albopictus in both cold and dry areas. This may be of great significance in the natural epidemic of diseases. Accordingly, more attention should be paid to Ae. Albopictus eggs in vector control for WNV outbreak management at temperate latitudes.
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FOOTNOTES
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REFERENCES

Cao, L., Fu, S., Lu, Z., Tang, C., Gao, X., Li, X., et al. (2019). Detection of West Nile virus infection in viral encephalitis cases, China. Vector Borne Zoonotic Dis. 19, 45–50. doi: 10.1089/vbz.2018.2275

Cao, L., Fu, S., Lv, Z., Tang, C., Cui, S., Li, X., et al. (2017). West Nile virus infection in suspected febrile typhoid cases in Xinjiang, China. Emerg. Microbes Infect. 6:e41. doi: 10.1038/emi.2017.27

Centers for Disease Control and Prevention [CDC] (2003). Entomology. Atlanta, GA: Centers for Disease Control and Prevention.

Chancey, C., Grinev, A., Volkova, E., and Rios, M. (2015). The global ecology andepidemiology of West Nile virus. Biomed. Res. Int. 2015:376230. doi: 10.1155/2015/376230

Fortuna, C., Remoli, M. E., Severini, F., Di Luca, M., Toma, L., Fois, F., et al. (2015). Evaluation of vector competence for West Nile virus in Italian tegomyia albopicta (=Aedes albopictus) mosquitoes. Med. Vet. Entomol. 29, 430–433. doi: 10.1111/mve.12133

Goddard, L. B., Roth, A. E., Reisen, W. K., and Scott, T. W. (2002). Vector competence of California mosquitoes for West Nile virus. Emerg. Infect. Dis. 8, 1385–1391. doi: 10.3201/eid0812.020536

Gray, T., and Webb, C. E. (2014). A review of the epidemiological and clinical aspects of West Nile virus. Int. J. Gen. Med. 7, 193–203. doi: 10.2147/IJGM.S59902

Guo, X. X., Zhao, T. Y., Dong, Y. D., Jiang, S., and Lu, B. L. (2004). Transmission of dengue-2 virus by diapausing eggs of Aedes albopictus. Acta Entomol. Sin. 47, 424–428.

Guo, X. X., Zhao, T. Y., Dong, Y. D., and Lu, B. L. (2007). Survival and replication of dengue-2 virus in diapausing eggs of Aedes albopictus (Diptera: Culicidae). J. Med. Entomol. 44, 492–497. doi: 10.1603/0022-2585(2007)44[492:sarodv]2.0.co;2

Hanson, S. M., and Craig, G. B. (1994). Cold acclimation, diapause and geographic origin affect cold hardiness in eggs of Aedes albopictus (Diptera: Culicidae). J. Med. Entomol. 31, 192–201. doi: 10.1093/jmedent/31.2.192

Heinz, F. X., Collett, M. S., Purcell, R. H., Gould, E. A., Howard, C. R., and Houghton, M. (2000). “Family Flaviviridae,” in Virus Taxonomy: Classification and Nomenclature of Viruses, eds M. H. van Regenmorteel, C. M. Fauquet, D. H. Bishop, E. B. Carstens, M. K. Estes, S. M. Lemon, et al. (SanDiego, CA: Academic Press), 859–878.

Hong, H. K., Shim, J. C., and Young, H. Y. (1971). Hibernation studies of forest mosquitoes in Korea. Korean J. Entomol. 1, 13–16.

Jiang, S. F., Zhang, Y. M., Guo, X. X., Dong, Y. D., Xing, D., Xue, R. D., et al. (2010). Experimental studies on comparison of the potential vector competence of four species of culex mosquitoes in China to transmit West Nile Virus. J. Med. Entomol. 47, 788–790. doi: 10.1603/ME08292

Jiang, S. F., Zhao, T. Y., Zhang, Y. M., Dong, Y. D., and Guo, X. X. (2006). Detection of West Nile virus in experimentally infected mosquitoes and Leghorn chicken by RTPCR. Acta Parasitol. Med. Entomol. Sin. 13, 21–24.

Julian, K. G., Eidson, M., Kipp, A. M., Weiss, E., and Petersen, L. R. (2002). Early season crow mortality as a sentinel for West Nile virus disease in humans, northeastern United States. Vector Borne Zoonotic Dis. 2, 145–155. doi: 10.1089/15303660260613710

Koray, E., Filiz, G., Ozge, E. K., Kerem, O., Sepandar, G., Taner, K., et al. (2014). Serological, molecular and entomological surveillance demonstrates widespread circulation of West Nile virus in Turkey. PLoS Negl. Trop. Dis. 8:e3028. doi: 10.1371/journal.pntd.0003028

Li, X. L., Fu, S. H., Liu, W. B., Wang, H. Y., Lu, Z., Tong, S. X., et al. (2013). West Nile virus infection in Xinjiang, China. Vector Borne Zoonotic Dis. 13, 131–133. doi: 10.1089/vbz.2012.0995

Lu, B. L. (1990). Vector of Dengue Fever and its Prevention and Control in Mainland China. GuiZhou: Gui Zhou People’s Press, 51–55.

Lu, Z., Fu, S. H., Cao, L., Tang, C. J., Zhang, S., Li, Z. X., et al. (2014). Human Infection with West Nile Virus, Xinjiang, China, 2011. Emerg. Infect. Dis. 20, 1421–1423. doi: 10.3201/eid2008.131433

Paupy, C., Delatte, H., Bagny, L., Corbel, V., and Fontenille, D. (2009). Aedes albopictus, an arbovirus vector: from the darkness to the light. Microbes Infect. 11, 1177–1185. doi: 10.1016/j.micinf.2009.05.005

Rosen, L., Tesh, R. B., Lien, J. C., and Cross, J. H. (1978). Transovarial transmission of Japanese encephalitis virus by mosquitoes. Science 199, 909–911. doi: 10.1126/science.203035

Sardelis, M. R., Turell, M. J., O’Guinn, M. L., Andre, R. G., and Roberts, D. R. (2002). Vector competence of three North American strains of Aedes albopictus for West Nile virus. J. Am. Mosq. Control Assoc. 18, 284–289.

Tiawsirisup, S., Platt, K. B., Evans, R. B., and Rowley, W. A. (2005). A Comparision of West Nile Virus transmission by Ochlerotatustrivittatus (COQ), Culexpipirns (L.), and Aedes albopictus(Skuse). Vector Borne Zoonotic Dis. 5, 40–47. doi: 10.1089/vbz.2005.5.40

Turell, M. J., O’Guinn, M. L., Dohm, D. J., and Jones, J. W. (2001). Vector competence of North American mosquitoes (Diptera: Culicidae) for West Nile virus. J. Med. Entomol. 38, 130–134. doi: 10.1603/0022-2585-38.2.130

Weaver, S. C., and Reisen, W. K. (2010). Present and future arboviral threats. Antiviral Res. 85, 328–345. doi: 10.1016/j.antiviral.2009.10.008

Winston, P. W., and Bates, D. H. (1960). Saturated solutions for control of humidity in biological research. Ecology 41, 232–237. doi: 10.2307/1931961

Woodring, J. L., Higgs, S., and Beaty, B. J. (1996). “Natural cycles of vector borne pathogens,” in Biology of Diease Vectors, eds W. C. Marquardt and B. J. Beaty (Boulder, CO: University of Colorado Press), 51–72.

Zhang, Y. P., Lei, W. W., Wang, Y., Sui, H. T., Liu, B., Li, F., et al. (2021). Surveillance of West Nile virus infection in Kashgar Region, Xinjiang, China, 2013–2016. Sci. Rep. 11:14010. doi: 10.1038/s41598-021-93309-2


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhang, Guo, Jiang, Li, Xing, Zhang, Dong and Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Potential Vector Competence and Overwintering of West Nile Virus in Vector Aedes Albopictus in China



		INTRODUCTION



		MATERIALS AND METHODS



		Ethics Statement



		Mosquitoes



		Virus Strain and Cell Line



		Mosquito Infection



		Virus Assay and Reverse Transcription-Polymerase Chain Reaction



		Transmission Experiment of Four Geographic Strains of Aedes Albopictus to West Nile Virus



		Mosquito Egg Collection



		Diapause Induction and West Nile Virus Detection



		Diapausing Egg Hatch



		Statistical Analysis







		RESULTS



		Oral Susceptibility of Four Geographical Strains of Aedes Albopictus



		Transmission Experiment of Four Geographical Strains of Aedes Albopictus to West Nile Virus



		West Nile Virus Detection in Diapausing Eggs



		West Nile Virus Detection in F1 Generation Larvae







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		FOOTNOTES



		REFERENCES

















OPS/images/cover.jpg
& frontiers | Frontiers in Microbiology

The Potential Vector
Competence and Overwintering
of West Nile Virus in Vector
Aedes Albopictus in China







OPS/images/fmicb-13-888751-t003.jpg
Mosquito Gonotrophic  No. pools (total WNV-positive MIR?
stage cycle number) pools
Larvae from Second 13 (1180) 1 1:1180
diapausing
eggs

Third 12 (1120 2 1:4920
Larvae from Second 10 (960) 1 1:960
non-diapausing
eggs

Third 13 (1300) 2 1:650

a8Minimum infection rate (MIR) is the ratio of the number of positive pools to the
total number of individuals (larvae) tested.







OPS/images/fmicb-13-888751-t001.jpg
Strains Generations No. tested No. infected Infection rate No. infected Leghorn Transmission Transmission
mosquito mosquito (%) chicken rate (%) efficiency (%)
Shanghai 30 35 21 60.0 (21/35) 10 47.6 (10/21) 28.6 (10/35)
Chengdu 30 30 5 17.9 (5/28) 2 40 (2/5) 7.1 (2/28)
Guangzhou 30 33 11 36.7 (11/30) 8 45.5 (5/11) 16.7 (5/30)
3 30 7 23.3 (7/30) 3 42.9 (3/7) 10 (3/30)
Beijing 30 30 9 30.0 (9/30) 4 44.4 (4/9) 13.3 (4/30)
3 30 5 16.7 (6/30) 2 40 (2/5) 6.7 (2/30)






OPS/images/fmicb-13-888751-t002.jpg
Eggs Gonotrophic No. pools (200 WNV-positive pools MIR?

cycle eggs/pool)
Diapause Second 6 1 1:1200
Third 8 2 1:800
Non-diapause  Second 5 1 1:1000
Third 6 2 1:600

aMinimum infection rate (MIR) is the ratio of the number of positive pools to the
total number of individuals (eggs) tested.





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Microbiology





OPS/images/fmicb-13-888751-g001.jpg
o ~ \

Three-to-five-day old
female mosquitoes

U

Suck WN V-infectious
blood meal

v

Suck non-infectious
blood meal

\\

Infected mosqhito ]

~ -
q
Q
=
w
3
w
7
=4
O
S
q
Q
=
fD

One 1- to 3-d-old Leghorn chicken
was bitten by one mosquito

Diapause

and hatch
Oviposition —_— ‘I\',’/'

Suck non-infectious
blood meal

@ Oviposition 2hdhatch |,\ /"

Mosquito tested for
WNV

i MIR and virus
! isolation of egg

Diapause

MIR and virus
isolation of egg

Infection
experiment

Transmission
experiment

p k|
MIR and virus 1
isolation of larvae !

T
O
O
7

Transovarial
transmission in the 2
gonotrophic cycle

: i MIR and virus
; 1 isolation of larvae !
1 !

Transovarial
transmission in the 3
gonotrophic cycle






