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Arboviruses transmitted by mosquitoes, including Japanese encephalitis virus (JEV), present a 
substantial global health threat. JEV is transmitted by mosquitoes in the genus Culex, which are 
common in both urban and rural areas in Vietnam. In 2020, we conducted a 1-year survey of Culex 
mosquito abundance in urban, suburban, and peri-urban areas of Hanoi using CDC-light traps. 
Mosquitoes were identified to species and sorted into pools based on species, sex, and trap location. 
The mosquito pools were also investigated by RT-qPCR for detection of JEV. In total, 4829 mosquitoes 
were collected over a total of 455 trap-nights, across 13 months. Collected mosquitoes included 
Culex, Aedes, Anopheles, and Mansonia species. Culex mosquitoes, primarily Cx. quinquefasciatus, 
predominated, especially in peri-urban areas. Most Culex mosquitoes were caught in the early 
months of the year. The distribution and abundance of mosquitoes exhibited variations across urban, 
suburban, and peri-urban sites, emphasizing the influence of environmental factors such as degree of 
urbanization, temperature and humidity on Culex abundance. No JEV was detected in the mosquito 
pools. This study establishes baseline knowledge of Culex abundance and temporal variation, which is 
crucial for understanding the potential for JEV transmission in Hanoi.

Mosquitoes are key players in the spread of vector-borne diseases, such as Japanese encephalitis and West Nile 
fever, representing a significant global health concern. Vector-borne viruses collectively account for close to 
700,000 deaths each year and are rapidly emerging as prominent threats to local populations1,2. Factors that may 
change vector dynamics and can alter vector abundance, such as urbanization, changes in land-use, deforestation, 
and climate change contribute to the escalating prevalence of mosquito-borne illness worldwide3.Understandng 
the abundance and dynamics of mosquito vectors is crucial for assessing the risks of arboviral diseases and 
anticipating future outbreaks4–6, and to enable timely implementation of control measures to mitigate the risk 
of human infection4.

Mosquito-borne diseases are highly prevalent in South-East Asia, including Vietnam3, and Japanese Encepha-
litis virus (JEV), dengue virus (DENV), Zika virus (ZIKV), and chikungunya virus (CHIKV) are examples of 
viruses endemic in Vietnam2,3.JEV is a highly pathogenic mosquito-borne flavivirus, that causes encephalitis 
in humans and horses in tropical and temperate regions of Asia7,8. Pigs act as amplifying hosts and can be 
affected by the virus, mainly resulting in abortions and neonatal deaths7,8. The primary vectors responsible for 
JEV transmission are Culex mosquitoes, particularly Cx. tritaeniorhynchus, Cx. vishnui, and Cx. gelidus. Cx. 
quinquefasciatus sometimes act as an additional vector for JEV9–11. Occasionally, other mosquito genera are also 
reported to carry the virus12–14.
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A combination of increased urbanization and the rapidly expanding agricultural sector across Southeast Asia 
has contributed to the higher risk of JE infection, as people move closer to rice fields and livestock, where there 
is an increase in JEV vector mosquitoes and amplifying hosts15. The surge in meat production, particularly pork, 
throughout Asia, has exponentially escalated the number of amplifying hosts the past decades13. Furthermore, 
the rapid urbanization and expansion of peri-urban livestock rearing, especially urban pig farming, have brought 
amplifying hosts closer to urban, more densely populated areas13,16. Climate change and extreme weather phe-
nomena, such as floods, have likely facilitated the expansion of vector mosquitoes into previously untouched 
areas, including highland regions, and closer to urban areas16. While mosquitoes are active year-round in tropi-
cal areas, their activity in temperate zones may peak during specific seasons when conditions, such as warmer 
temperatures and increased precipitation, are favorable for mosquito breeding17.

Despite available JEV vaccines and vaccination campaigns, the virus remains endemic in 24 countries in South 
and Southeast Asia, where approximately three billion people are at risk of infection18,19. This study is motivated 
by the significant disease burden posed by JEV, and aims at increasing our knowledge of urban JEV vector popula-
tion dynamics in Hanoi, Vietnam. By collecting mosquitoes in three different environments throughout a whole 
year, we contribute to a comprehensive understanding of fluctuations in Culex mosquito abundance, which is 
critical for implementation of effective JEV disease control and prevention. Additionally, collected vector species 
were screened for the presence of JEV.

Methods
Field sampling and speciation
Mosquitoes were collected in Hanoi, Vietnam, using CDC miniature light traps (Bioquip), with incandescent 
bulbs and motorized fans, placed at five sites (Fig. 1). CDC miniature light traps were employed as they have 
shown to be effective in collecting Culex mosquitoes, the main JEV vector genus20,21. Due to local restrictions, 
dry ice was not available as a CO2 bait. The selected sites included three different environments, including urban 
(Ngoc Ha, Kim Ma), suburban (Gia Quat, Cu Khoi), and peri-urban (An Khanh) areas, that were approximately 
10–20 km apart from each other. Geo-coordinates are provided in Supplementary Table S1. Two traps were 
placed in different households in the same suburban neighbourhood in Cu Khoi. Urban areas were character-
ized by high population density (~ 24,000 people/km2), non-agricultural environments, and numerous human 
structures, while peri-urban areas had lower population density (~ 3000 people/km2), agricultural landscapes 
including rice fields and grasslands, and various agricultural water sources. Suburban regions had a semi-dense 
population (~ 5400 people/km2) with parks and green spaces, but no agriculture, along with a moderate number 
of small, isolated water basins. Individual traps were repeatedly placed in the same location. One trap per site and 
trapping night was positioned outside human settlements (in the garden or on the terrasse), 150 cm above the 
ground, and were activated twice weekly (Monday and Thursday) from 6 pm to 7 am the next morning, over a 
thirteen-month period, from January 2020 to January 2021. Daily catches were stored at − 20 °C immediately after 
collection and brought to − 80 °C within one month for preservation until identification and sorting. Collected 
mosquitoes were identified to species at the National Institute of Hygiene and Epidemiology (NIHE), under the 
Ministry of Health of Vietnam, using the morphological key by Stojanovich and Scott and stored at − 80 °C until 
further analysis. In addition, temperature and humidity were recorded with analogue thermo- and hygrometers 
at each trap site at each sampling occasion.

Figure 1.   Location of CDC Light Traps for Mosquito Collection. The CDC light traps were strategically placed 
in different locations to capture mosquito populations from diverse settings. The traps were positioned in An 
Khanh (Peri-urban 1), representing peri-urban Hanoi (green); Gia Quat (Suburban 1) and Cu Khoi (Suburban 
2 and 3) (blue), representing suburban areas; and Ngoc Ha (Urban 1) and Kim Ma (Urban 2) (orange), 
representing urban Hanoi. Two traps were placed in adjacent houses in Cu Khoi, one to the north (N) and one 
to the south (S). The map is based on OpenStreetMap (https://​www.​opens​treet​map.​org/​about/) data, and the 
locators were added using Mapbox GL (https://​www.​mapbox.​com/​about/​maps).

https://www.openstreetmap.org/about/
https://www.mapbox.com/about/maps
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Extraction and RT‑qPCR
The frozen mosquito samples were transported by air on dry ice from Vietnam to the Zoonosis Science Centre 
(ZSC) at Uppsala University, Sweden. The mosquitoes were then pooled, each pool containing a maximum of 
50 individuals, based on species, sex, trap location, and collected within two consecutive weeks of each other 
(Table 1). A detailed pooling scheme can be found in Supplementary Table S2. Mosquito homogenization and 
inactivation of potentially infectious viruses were conducted at biosafety level (BSL) 3, and downstream applica-
tions was performed at BSL2. Homogenization was achieved through bead beating the mosquito pools in phos-
phate buffered saline (PBS) (Gibco™, Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum (FBS) (Gibco™, 
Thermo Fisher Scientific, Inc.), 1% Penicillin–Streptomycin (PenStrep) (Gibco™, Thermo Fisher Scientific, Inc.), 
and 0.1% Amphotericin B (AmphB) (Gibco™, Thermo Fisher Scientific, Inc.). Five hundred microliter of buffer 
were added for pools containing < 15 mosquitoes, 750 µL for pools with 15–30 mosquitoes, and 1000 µL for 
pools containing 30–50 mosquitoes. Samples were homogenized using 5 mm stainless steel beads in the Minilys® 
personal homogenizer (Bertin Corp., MD, USA) bead mill set to a frequency of 25 Hz for 2 min.

Viral RNA extraction was performed using the QIAampⓇ Viral RNA Mini Kit (Qiagen, Hilden, Germany) 
following the manufacturer’s instructions. Elution was conducted in water, and RNA samples were temporarily 
stored at − 20 °C until RT-qPCR analysis, after which they were transferred to − 80 °C for long-term storage. For 
the detection of viral RNA, a one-step quantitative reverse transcription PCR (RT-qPCR) assay were employed.

Inhouse designed JEV primers were designed: forward 5′-GGC​TAG​CCT​ACA​AGG​TGG​CG-3′ and reverse 
5′-CTC​TCG​CCC​ATT​CGG​GTG​AC-3′22. They amplify a 110 bp long sequence in the NS5 gene region of the viral 
genome. The detection limit of the assay was determined to be between one and 10 copies/µl.

The RT-qPCR assays were conducted using the QuantiTect® SYBR® Green RT-PCR kit (Qiagen, Hilden, Ger-
many). The PCR reaction mix contained 12.5 μL 2 × QuantiTect SYBR RT-PCR Master Mix (HotStarTaq® DNA 
Polymerase, QuantiTect SYBR RT-PCR Buffer, dNTP mix, including dUTP, ROX™ passive reference dye, 8 mM 
MgCl2, and SYBR Green I dye), RNAse-free water, 10 µM forward primer, 10 µM reverse primer, and 0.25 μL 
QuantiTect RT Mix (Omniscript® Reverse Transcriptase and Sensiscript® Reverse Transcriptase) per reaction. 
A total of 20 μL master mix was pipetted in each reaction well and 5 µL extracted RNA were used as template in 
all reactions. The PCRs were run using the CFX Connect Real-Time PCR Detection System (Bio-Rad, Hercules, 
California, USA). PCRs were run with 30 min reverse transcription (RT) at 50 °C, 15 min initial activation at 
95 °C, followed by 45 cycles of 15 s at 94 °C, 30 s at 58 °C, and 30 s at 72 °C, followed by a melting curve. All 
amplicons giving a signal were used for gel electrophoresis. As positive control a synthetic DNA gene fragment 
(gBLOCKs; IDT®, San Jose, CA, USA) with three-base pair insertion in the corresponding amplified regions of 
the viral genome diluted in deionized, nuclease-free water were used.

Case data
Cases of viral encephalitis in the northern Vietnam region (Đông Bắc Bộ, Tây Bắc Bộ, and Đồng Bằng Sông 
Hồng) were obtained from the weekly announcements on the infectious disease epidemic in the northern region 
by NIHE. JE cases are not reported separately since diagnostics are not always available, however, according to 

Table 1.   Number of pools containing the different mosquito species, sex (F = female mosquitoes, M = male 
mosquitoes), and number of mosquitoes.

Species Sex Pools Mosquitoes

Cx. quinquefasciatus F 156 3701

Cx. quinquefasciatus M 109 665

Cx. tritaeniorhynchus F 38 185

Ae. albopictus M 20 26

Ae. albopictus F 14 19

Cx. gelidus F 13 108

Cx. vishnui F 3 6

Ma. annulifera F 3 4

Ma. uniformis F 3 4

Cx. gelidus M 2 3

Armigeres M 2 2

Cx. pseudovishnui F 1 1

Ae. vexans F 1 1

Ae. aegypti F 1 2

Ma. indiana F 1 1

Armigeres F 1 1

Cx. tritaeniorhynchus M 1 3

Cx. vishnui M 1 1

Ae. aegypti M 1 1

Total 371 4734
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NIHE, JEV is the primary cause of acute encephalitis syndrome (AES) in rural plains and mountainous areas 
of Vietnam. Additionally, viruses such as intestinal virus ECHO 30, Banna virus, Nam Dinh virus, and herpes 
virus are identified as causes of AES in Vietnam23.

Data analysis
To identify significant differences (**** = p < 0.0001, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns = not significant) 
in mosquito counts, Chi-square and ANOVA tests were performed using GraphPad Prism (version 10.0.0 for 
MacOS, GraphPad Software, Boston, Massachusetts USA, www.​graph​pad.​com). The map for visualising the 
locations for mosquito trapping was produced using mapbox (v. 3.1.2) and OpenStreetMap.

Results
Mosquitoes, temperature, and humidity
A total of 4829 mosquitoes were collected from six traps over a 13-month period, for a total of 106 ± 1 trap 
nights per site for five traps, and for 33 nights for the sixth trap (Urban 2—Kim Ma) that had to be discontinued 
due to government regulations during the COVID-19 pandemic. The species distribution is presented in Fig. 2 
and in Supplementary Table S3. Among the collected mosquitoes, the genus Culex dominated, accounting for 
96.5% of the total count. Specifically, Cx. quinquefasciatus was the most abundant species, followed by Cx. 
tritaeniorhynchus, Cx. gelidus, Cx. vishnui, and Cx. pseudovishnui. Mosquitoes belonging to the genera Aedes, 
Anopheles, and Mansonia each comprised 1% of the collected specimens, while mosquitoes from the genera 
Armigeres and Ficalbia constituted 0.45% and 0.04%, respectively, of the total collection (Fig. 2, Supplementary 
Table S3). Throughout the year, we collected 4641 Culex, 49 Aedes, 22 Armigeres, and 49 Anopheles mosquitoes 
in varying quantities over the months (Supplementary Figure S1). Additionally, 46 Mansonia mosquitoes were 
collected, but only between August through November in the Peri-urban 1 and Suburban 1 traps (Supplementary 
Figure S1). The Culex count, and the total mosquito count were similar in the Peri-urban 1 and the combined 
Suburban traps (Fig. 3, Supplementary Figure S1). Overall, the Peri-urban 1 trap recorded the highest number 
of total mosquitoes caught, followed by the Suburban trap 1, then the other two Suburban traps. In the Urban 2 
trap, numbers were similar to the Suburban 2 and 3 traps before trapping was discontinued. Urban 1 recorded 
the lowest number of mosquitoes over time.

Throughout the year, we collected 4641 Culex mosquitoes. In the two Urban traps, 241 Culex mosquitoes 
were collected over the year (Fig. 3C). In the three Suburban traps a total of 2054 mosquitoes were caught 
(Fig. 3B) and a total of 2346 mosquitoes were collected in the Peri-urban trap (Fig. 3A, Supplementary Table S3). 
Considering that we had three Suburban traps, partially two Urban traps and one Peri-urban trap, the average 
number of Culex mosquitoes per trap and area were compared. There was no significant difference between 
the amount of caught Culex mosquitoes in the Urban and Suburban traps (p = 0.4742), but the Peri-urban trap 
captured significantly more Culex mosquitoes than both the Suburban (p = 0.0031) and Urban (p = 0.0002) traps 
on average (Supplementary Table S3).

Figure 2.   Mosquitoes collected over a 13-month period, sorted by species and trap. Species with over ten 
specimens collected throughout the traps are specified, species with less than ten specimens in all traps are 
summarized as “Other”. “Other” comprises Cx. pseudovishnui, Cx. vishnui, Ae. vexans, Ae. aegypti, Ma. indiana, 
Ma. uniformis, Ma. spp. and Armigeres kuchingensis. 

http://www.graphpad.com
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Culex mosquitoes showed a peak in abundance during the early months of the year, from February to May, 
with fewer mosquitoes collected during the rest of the year (Fig. 3).

The average monthly temperature was significantly higher in the Urban traps when compared to the Subur-
ban (p < 0.0001) and Peri-urban (p < 0.0001) traps respectively (Fig. 3, Supplementary Table S4). There was no 
significant difference in average monthly temperature between the Suburban and Peri-urban traps throughout 
the year (p = 0.1063) (Fig. 3, Supplementary Table S4). The summer and early autumn months (May to Septem-
ber) were significantly warmer compared to the rest of the year (p < 0.0001) (Fig. 3, Supplementary Table S4).

The average monthly humidity was significantly lower in the Urban traps when compared to the Suburban 
(p = 0.0089) and Peri-urban (p < 0.0001) traps respectively. There was no significant difference in average monthly 
humidity between the Suburban and Peri-urban traps (p = 0.2166) (Fig. 3, Supplementary Table S4). June and 
July were on average significantly more humid (p < 0.0001), whereas November, December and January were 
significantly less humid (p < 0.0001), compared to the other months (Fig. 3, Supplementary Table S4).

Seasonal variation in viral encephalitis cases
Cases of viral encephalitis in the northern Vietnam region were reported by NIHE. In total 1478 cases of viral 
encephalitis were reported between 2019 and 2023 (329 [2019], 468 [2020], 344 [2021], 123 [2022], 214 [2023]). 
Cases do not show clear seasonality (Fig. 4). In 2018 and 2023 however, more cases were recorded in the summer 
months. In 2019, 2020, 2021, and 2022 a similar number of cases were reported throughout the year (Fig. 4). 
Considering the population of 36,931,761 [2019] inhabitants in northern Vietnam24, this results in an incidence 
of 0.9 [2019], 1.3 [2020], 0.9 [2021], 0.3 [2022], 0.6 [2023] per 100,000 per year.

Screening of viral RNA in vector mosquito pools
Out of the total 4829 collected mosquitoes, 4673 were from the genus Culex and therefore potential JEV vec-
tor species (Table 1). In total 324 pools with Culex mosquitoes were analysed and JEV viral RNA could not be 
detected in any of the pools.

Figure 3.   Seasonal variation in Culex mosquitos, temperature, and humidity in three different areas. The graphs 
display the number of Culex mosquitoes collected, and the average monthly temperature and humidity recorded 
at the (A) peri-urban, (B) suburban, and (C) urban trapping sites in the different months throughout the year. 
The table in (D) summarizes the Culex mosquito counts.
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Discussion
In this study, Culex mosquitoes were collected throughout a whole year in Hanoi, Vietnam, to investigate their 
seasonality and distribution at different levels of urbanisation. In total, 4829 mosquitoes over collected over 
13 months from six traps, with Culex mosquitoes dominating the catch (96.5%), particularly Cx. quinquefasciatus 
with peak abundance from February to May.

Previous studies have identified Culex mosquitoes as important vectors for JEV9–14. Cx. tritaeniorhynchus is 
the primary vector of JEV in most endemic areas13,25. It is closely associated with rice cultivation and wetlands, 
which are ideal breeding sites for this mosquito species13,25. In the current study, Cx. tritaeniorhynchus was the 
second most collected species. Instead, Cx. quinquefasciatus vastly dominated the catch throughout the year at 
all sites, which is not uncommon in urban areas 26–28.

This species breeds in a variety of artificial and natural water bodies and is commonly found in both urban 
and rural environments5. In this study, most mosquitoes were collected in the peri-urban area followed by the 
suburban area, and the fewest mosquitoes were collected in the urban area. This is consistent with another study 
conducted in September and October 2018 in the same area around Hanoi, which also found that there were 
fewer mosquitoes in urban areas than in peri-urban areas21. This could be due to higher awareness in urbanized 
settings, leading to better implementation of mosquito control, or less availability of breeding sites and blood-
meal hosts3. Additionally, we found that the average monthly temperatures in the urban area were higher and 
the average monthly humidity was lower when compared to both the suburban and peri-urban areas. Lower 
humidity and higher temperatures shorten mosquito lifespan and could lead to reduced reproduction resulting 
in fewer mosquitoes29,30. In addition, the different trapping results between urban and peri-urban areas suggest 
that urbanization and habitat characteristics, as shown previously, could also play an important role in mosquito 
abundance and distribution patterns31–33.

Cx. quinquefasciatus is able to transmit JEV in laboratory experiments34,35, and is also an important vector of 
West Nile virus36, and it is the main vector of Bancroftian lymphatic filariasis in tropical and subtropical regions. 
It commonly feeds from mammals, including humans. A blood-meal analysis study found that 93.3% of Mexico 
Cx. quinquefasciatus had consumed mammalian blood, with human blood accounting for the majority at 65.4%. 
Other sources included dog (23.2%), chicken (5.4%), goat (2.2%), and cat (1.8%) blood37. In Benin, the vast 
majority had also fed on humans (88.5%), with the rest feeding on goats (6.5%), cattle (3%), and pigs (2%)38.

JEV has previously been isolated from several Culex species in the field. In central and southern Thailand, 
the minimum infection rate (MIR) per 1000 collected mosquitoes was 2.0 for JEV in Cx. quinquefasciatus and 
in West Bengal, India, the MIR was 2.539,40. In Vietnam JEV has been isolated from Cx. tritaeniorhynchus mos-
quitoes between 2006 and 200826. In this study, we also analysed the collected mosquitoes for JEV. With the 
limited number of mosquitoes collected (4673 Culex mosquitoes, 4001 females), detection of JEV was unlikely 
but possible, as the median field infection rate in Culex species from other countries in Southeast Asia, China, 
and Japan was 0.71 mosquitoes per 1000 specimens tested26,27,39–49. At a similar field infection rate, we would 
have expected 2.8 infected female mosquitoes in our collected material. However, reported infection rates vary 
between 0.05 and 5.29, depending on the country, season, and site of collection, and in a study conducted in 2002 
and 2004 in northern Vietnam, JEV was also not detected in the 20,615 mosquitoes tested50.

Seasonal variations in field infection rates as well as in vector abundance are important to consider when 
implementing mosquito surveillance and control strategies. Our study shows peak activity of Culex mosquitoes 
in the early months of the year, suggesting control would be best implemented before and during observed peak 
season. Similar patterns of abundance have been observed in other studies. Studies investigating the seasonal 

Figure 4.   Reported cases of viral encephalitis in the northern Vietnam region between 2019 and 2023. The 
figure is based on reported cases of disease by the National Institute of Hygiene and Epidemiology, Vietnam. 
Viruses such as JEV, intestinal virus ECHO 30, Banna virus, Nam Dinh virus, and herpes virus could cause viral 
encephalitis, but JEV is the most common causative agent in northern Vietnam.
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abundance of Culex mosquitoes in Southeast Asia found, similar to our results, that these mosquitoes mainly 
occur in the early months of the year through late summer, with a dip in the fall. In 2009, Ohba et al. caught 
ten times as many Culex mosquitoes in Hanoi in July compared to October, but did not sample in spring51, 
and in 2017, Boyer et al. collected most Culex mosquitoes in Cambodia in June, followed by December and 
March, with the fewest mosquitoes collected in September52. Soh et al.53 found that from 2009 to 2018, Culex 
larva in Singapore were mainly found between February and June, and in 2010 Zhang et al.54 found that Culex 
adults in China`s Yunnan Province were most abundant between March and August. Thus, the timing of peak 
abundance of Culex may differ slightly between years, perhaps due to regional differences in climate or due to 
annual fluctuations in weather conditions. Soh et al.53 found in their study, that larval activity increased at higher 
temperatures and decreased at higher rainfall, suggesting that intra-annual climate variability may play a role 
in shifting the window of highest mosquito abundance. Our study year 2020 was generally a warmer year than 
usual, with increased precipitation in the winter and spring and dryer summer when compared to the mean 
temperatures and precipitation in Hanoi between 1979 and 202355. Meteoblue, a meteorological service created 
at the University of Basel, Switzerland, reports increased temperatures and decreased precipitation in Hanoi 
over the past 50 years55. These trends could change the mosquito population dynamics further and additional 
surveillance will be needed to monitor the effects on vector abundance.

The reported annual incidence of AES in Vietnam ranged from 3.0 to 1.4 cases per 100,000 population 
between 1998 and 2007, and the national monthly incidence of AES declined by 63.3% between 1998 and 
201656–58. The incidence of AES however increased in some provinces, particularly in the Northwest region, and 
it has been reported that the incidence peaked in the summer months in northern Vietnam, in contrast to the 
southern provinces where incidence remained relatively constant throughout the year58. This correlates to the 
higher number of Culex mosquitoes in the earlier summer months as reported here and in other studies51,52. In 
our study, the viral encephalitis incidence in the northern Vietnam region ranged from 0.6 to 1.3, which would 
indicate a further decline when compared to earlier reported cases of AES56–58. Laboratory testing, however, is not 
consistently available to differentiate JE from other causes, so viral encephalitis cases are counted and reported 
as a surrogate for JE surveillance.

Conclusion
Our study contributes to the understanding of Culex mosquito abundance in Hanoi, Vietnam. We show that 
Cx. quinquefasciatus dominated the collections and peaked in abundance from February to May, and was more 
common in the peri-urban area, which were characterized by being less densely populated with an increase in 
green spaces, gardens, and urban farms. Our findings provide vital baseline data on Culex mosquito abundance 
throughout a whole year in a large metropolitan area in Southeast Asia. Additionally, we highlight the need for 
ongoing surveillance efforts, to better comprehend the interplay between mosquitoes and arboviruses. Ultimately, 
this knowledge will be crucial in formulating targeted interventions and strategies to mitigate the impact of 
vector-borne diseases on public health.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 13 February 2024; Accepted: 11 July 2024

References
	 1.	 WHO. Vector-borne diseases: World Health Organization; 2020 [Available from: https://​www.​who.​int/​news-​room/​fact-​sheets/​

detail/​vector-​borne-​disea​ses.
	 2.	 Nguyen-Tien, T. et al. The distribution and composition of vector abundance in Hanoi city, Vietnam: Association with livestock 

keeping and Flavivirus detection. Viruses 13(11), 2291 (2021).
	 3.	 Huynh, L. N. et al. Mosquitoes and mosquito-borne diseases in Vietnam. Insects. 13(12), 1076 (2022).
	 4.	 Balingit, J. C. et al. Surveillance of dengue virus in individual Aedes aegypti mosquitoes collected concurrently with suspected 

human cases in Tarlac City, Philippines. Parasit Vectors. 13(1), 594 (2020).
	 5.	 Pham Thi, K. L. et al. Incidence of dengue and chikungunya viruses in mosquitoes and human patients in border provinces of 

Vietnam. Parasit Vectors. 10(1), 556 (2017).
	 6.	 Ewing, D. A., Purse, B. V., Cobbold, C. A., Schäfer, S. M. & White, S. M. Uncovering mechanisms behind mosquito seasonality 

by integrating mathematical models and daily empirical population data: Culex pipiens in the UK. Parasites & Vectors. 12(1), 74 
(2019).

	 7.	 WHO. Japanese encephalitis who.int2019 [Available from: https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​japan​ese-​encep​
halit​is.

	 8.	 Ladreyt, H. et al. Comparison of Japanese encephalitis force of infection in pigs, poultry and dogs in Cambodian villages. Pathogens. 
9(9), 719 (2020).

	 9.	 Oliveira, A. R. S. et al. Assessment of data on vector and host competence for Japanese encephalitis virus: A systematic review of 
the literature. Prev. Vet. Med. 154, 71–89 (2018).

	10.	 Oliveira, A. R. S. et al. Meta-analyses of the proportion of Japanese encephalitis virus infection in vectors and vertebrate hosts. 
Parasit Vectors 10(1), 418 (2017).

	11.	 Oliveira, A. R. S. et al. Meta-analyses of Japanese encephalitis virus infection, dissemination, and transmission rates in vectors. 
Am. J. Trop. Med. Hyg. 98(3), 883–890 (2018).

	12.	 Oliveira, A. R., Cohnstaedt, L. W. & Cernicchiaro, N. Japanese encephalitis virus: Placing disease vectors in the epidemiologic 
triad. Ann. Entomol. Soc. Am. 111(6), 295–303 (2018).

	13.	 Pearce, J. C., Learoyd, T. P., Langendorf, B. J. & Logan, J. G. Japanese encephalitis: The vectors, ecology and potential for expansion. 
J. Travel. Med. 25(supp_1), S16-s26 (2018).

	14.	 Sudeep, A. B. Culex gelidus: an emerging mosquito vector with potential to transmit multiple virus infections. J. Vector Borne Dis. 
51(4), 251–258 (2014).

https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis


8

Vol:.(1234567890)

Scientific Reports |        (2024) 14:16573  | https://doi.org/10.1038/s41598-024-67438-3

www.nature.com/scientificreports/

	15.	 Lindahl, J., Chirico, J., Boqvist, S., Thu, H. T. V. & Magnusson, U. Occurrence of Japanese encephalitis virus mosquito vectors in 
relation to urban pig holdings. Am. J. Trop. Med. Hyg. 87(6), 1076–1082 (2012).

	16.	 Shah, H. A., Huxley, P., Elmes, J. & Murray, K. A. Agricultural land-uses consistently exacerbate infectious disease risks in Southeast 
Asia. Nat. Commun. 10(1), 4299 (2019).

	17.	 Do, T. T. T., Martens, P., Luu, N. H., Wright, P. & Choisy, M. Climatic-driven seasonality of emerging dengue fever in Hanoi, 
Vietnam. BMC Public Health. 14(1), 1078 (2014).

	18.	 Mackenzie, J. S. Emerging zoonotic encephalitis viruses: Lessons from Southeast Asia and Oceania. J. Neurovirol. 11(5), 434–440 
(2005).

	19.	 Heffelfinger, J. D. et al. Japanese Encephalitis Surveillance and Immunization: Asia and Western Pacific Regions, 2016. MMWR 
Morb.Mortal. weekly Rep. 66(22), 579–583 (2017).

	20.	 Wilke, A. B. B. et al. Community composition and year-round abundance of vector species of mosquitoes make Miami-Dade 
County, Florida a receptive gateway for Arbovirus entry to the United States. Scientific Reports. 9(1), 8732 (2019).

	21.	 Ha, T. V. et al. Spatial distribution of Culex mosquito abundance and associated risk factors in Hanoi, Vietnam. PLoS Negl. Trop. 
Dis. 15(6), e0009497 (2021).

	22.	 Krambrich, J., Akaberi, D., Lindahl, J. F., Lundkvist, Å. & Hesson, J. C. Vector competence of Swedish Culex pipiens mosquitoes 
for Japanese encephalitis virus. Paras. Vectors 17(1), 220 (2024).

	23.	 Hien, D.T. Several viral etiologies cause acute encephalitis syndrom in bacgiang province, 2004–2017. Hanoi: National Institute 
of Hygiene & Epidemiology 2020.

	24.	 GSO. Area, population and population density by province. In: Investment MoPa, editor. Hanoi, Vietnam: General statistics office; 
2019.

	25.	 Faizah, A. N. et al. Evaluating the competence of the primary vector, Culex tritaeniorhynchus, and the invasive mosquito species, 
Aedes japonicus japonicus, in transmitting three Japanese encephalitis virus genotypes. PLOS Negl. Trop. Dis. 14(12), e0008986 
(2021).

	26.	 Kuwata, R. et al. Surveillance of Japanese encephalitis virus infection in mosquitoes in Vietnam from 2006 to 2008. Am. J. Trop. 
Med. Hyg. 88(4), 681–688 (2013).

	27.	 Yap, G. et al. Detection of Japanese Encephalitis Virus in Culex Mosquitoes in Singapore. Am. J. Trop. Med. Hyg. 103(3), 1234–1240 
(2020).

	28.	 Mavale, M. et al. Venereal transmission of chikungunya virus by Aedes aegypti mosquitoes (Diptera: Culicidae). Am. J. Trop. Med. 
Hyg. 83(6), 1242–1244 (2010).

	29.	 Brown, J. J., Pascual, M., Wimberly, M. C., Johnson, L. R. & Murdock, C. C. Humidity - The overlooked variable in the thermal 
biology of mosquito-borne disease. Ecol Lett. 26(7), 1029–1049 (2023).

	30.	 Martin, L. E. & Hillyer, J. F. Higher temperature accelerates the aging-dependent weakening of the melanization immune response 
in mosquitoes. PLOS Pathog. 20(1), e1011935 (2024).

	31.	 Schrama, M. et al. Human practices promote presence and abundance of disease-transmitting mosquito species. Sci. Rep. 10(1), 
13543 (2020).

	32.	 Wilke, A. B. B. et al. Urbanization creates diverse aquatic habitats for immature mosquitoes in urban areas. Sci. Rep. 9(1), 15335 
(2019).

	33.	 Boerlijst, S. P. et al. Biting the hand that feeds: Anthropogenic drivers interactively make mosquitoes thrive. Sci. Total Environ. 
858, 159716 (2023).

	34.	 Huang, Y. S. et al. Differential Infectivities among Different Japanese Encephalitis Virus Genotypes in Culex quinquefasciatus 
Mosquitoes. PLoS Negl. Trop. Dis. 10(10), e0005038 (2016).

	35.	 Hernández-Triana, L. M. et al. Susceptibility of Aedes albopictus and Culex quinquefasciatus to Japanese encephalitis virus. 
Parasites Vectors 15(1), 210 (2022).

	36.	 Walker, T., Jeffries, C. L., Mansfield, K. L. & Johnson, N. Mosquito cell lines: history, isolation, availability and application to assess 
the threat of arboviral transmission in the United Kingdom. Parasites Vectors 7(1), 382 (2014).

	37.	 Janssen, N. et al. Mammalophilic feeding behaviour of Culex quinquefasciatus mosquitoes collected in the cities of Chetumal and 
Cancun, Yucatán Peninsula, Mexico. Trop. Med. Int. Health 20(11), 1488–1491 (2015).

	38.	 Anges, Y. et al. Origin of blood meal sources in Culex quinquefasciatus in northern Benin. Int. J. Mosquito Res. 9(2), 100–103. 
https://​doi.​org/​10.​22271/​23487​941.​2022.​v9.​i2b.​605 (2022).

	39.	 Nitatpattana, N. et al. First isolation of Japanese encephalitis from Culex quinquefasciatus in Thailand. Southeast Asian J. Trop. 
Med. Public Health. 36(4), 875 (2005).

	40.	 Thenmozhi, V. et al. A first note on Japanese encephalitis virus isolation from Culex quinquefasciatus Say in Northern West Bengal. 
Int. J. Mosquito Res. 1(1), 1–4 (2014).

	41.	 Lindahl, J. F. et al. Circulation of Japanese encephalitis virus in pigs and mosquito vectors within Can Tho city Vietnam. PLoS Negl. 
Trop. Dis. 7(4), e2153 (2013).

	42.	 Gingrich, J. B. et al. A longitudinal study of Japanese encephalitis in suburban Bangkok, Thailand. Southeast Asian J. Trop. Med. 
Public Health 18(4), 558–566 (1987).

	43.	 Thu, H., Loan, H., Thao, H., Tu, T., editors. Isolation of Japanese Encephalitis Virus From Mosquitoes Collected in Can Tho City. 
Proceedings of International Workshop on Biotechnology in Agriculture; 2006 20–21 October 2006; Nong Lam University, Ho 
Chi Minh City, Vietnam.

	44.	 Kuwata, R. et al. Isolation of Japanese encephalitis virus and a novel insect-specific flavivirus from mosquitoes collected in a 
cowshed in Japan. Arch. Virol. 160(9), 2151–2159 (2015).

	45.	 Obara, M. et al. Continuity and change of Japanese encephalitis virus in Toyama Prefecture, Japan. Am. J. Trop. Med. Hyg. 84(5), 
695–708 (2011).

	46.	 Turell, M. J. et al. Isolation of Japanese Encephalitis and Getah Viruses from Mosquitoes (Diptera: Culicidae) Collected near Camp 
Greaves, Gyonggi Province, Republic of Korea. J. Med. Entomol. 40(4), 580–584 (2003).

	47.	 Feng, Y. et al. Distribution of Mosquitoes and Mosquito-Borne Viruses along the China-Myanmar Border in Yunnan Province. 
Jpn. J. Infect. Dis. 65(3), 215–221 (2012).

	48.	 Duong, V. et al. Isolation and full-genome sequences of Japanese encephalitis virus genotype I strains from Cambodian human 
patients, mosquitoes and pigs. J. Gener. Virol. 98(9), 2287–2296 (2017).

	49.	 Shi, Q. et al. Potential risks associated with Japanese encephalitis prevalence in shandong Province, China. Vector-Borne Zoonotic 
Dis. 19(8), 640–645 (2019).

	50.	 Bryant, J. E. et al. Isolation of arboviruses from mosquitoes collected in northern Vietnam. Am. J. Trop. Med. Hyg. 73(2), 470–473 
(2005).

	51.	 Ohba, S.-Y., Van Soai, N., Van Anh, D. T., Nguyen, Y. T. & Takagi, M. Study of mosquito fauna in rice ecosystems around Hanoi 
Northern Vietnam. Acta Tropica. 142, 89–95 (2015).

	52.	 Boyer, S. et al. Host-feeding preference and diel activity of mosquito vectors of the japanese encephalitis virus in rural cambodia. 
Pathogens 10(3), 376 (2021).

	53.	 Soh, S. & Aik, J. The abundance of Culex mosquito vectors for West Nile Virus and other flaviviruses: A time-series analysis of 
rainfall and temperature dependence in Singapore. Sci. Total Environ. 754, 142420 (2021).

https://doi.org/10.22271/23487941.2022.v9.i2b.605


9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:16573  | https://doi.org/10.1038/s41598-024-67438-3

www.nature.com/scientificreports/

	54.	 Zhang, H.-L. et al. Mosquitoes of Western Yunnan Province, China: Seasonal Abundance, Diversity, and Arbovirus Associations. 
PLOS ONE. 8(10), e77017 (2013).

	55.	 meteoblue. Climate Change Hanoi 2024 [cited 2024 25. January]. Available from: https://​www.​meteo​blue.​com/​en/​clima​te-​change/​
hanoi_​vietn​am_​15811​30?​month=1.

	56.	 Yen, N. T. et al. Surveillance for Japanese encephalitis in Vietnam, 1998–2007. Am. J. Trop. Med. Hyg. 83(4), 816–819 (2010).
	57.	 Tam, N. & Yen, N. Japanese encephalitis in Vietnam 1985–93. Southeast Asian J. Trop. Med. Public Health 26(suppl 3), 47–50 (1995).
	58.	 Brindle, H. E. et al. The spatio-temporal distribution of acute encephalitis syndrome and its association with climate and landcover 

in Vietnam. BMC Infect. Dis. 23(1), 403 (2023).

Acknowledgements
We extend our gratitude to the dedicated team who set up and maintained the CDC-light traps, as well as col-
lected these invaluable samples twice weekly over the course of an entire year. Our sincere appreciation goes out 
to Vũ Văn Duy and Lê Mỹ Hạnh.

Author contributions
Conceptualization J.K., J.F.L., Å.L.; Data Curation J.K., T.N.T., J.H.O.P.; Formal Analysis J.K., J.H.O.P., J.H.; Fund-
ing Acquisition J.F.L., Å.L.; Investigation J.K., T.N.T., L.P.T., S.D.X., E.A., P.H., D.T.V., S.H.T., L.T.V.; Methodology 
J.K., J.H.O.P., J.H., J.F.L., Å.L.; Project Administration J.K., T.N.T., J.F.L.; Resources J.F.L., Å.L.; Supervision J.K., 
T.N.T., J.F.L., Å.L., Validation J.K., J.H., J.F.L., Å.L.; Visualization J.K.; Writing—Original Draft Preparation J.K.; 
Writing—Review & Editing All authors.

Funding
Open access funding provided by Uppsala University. This study was a part of the “Metropolitan Mosquitoes Pro-
ject” funded by the Swedish Research Council for Environment, Agricultural Sciences, and Spatial Planning (For-
mas, grant number 2016-00364). It was also supported by the INFECT project funded by the Swedish Research 
Council (grant number 2022-01166) and the European Union’s Horizon 2020 research innovation program 
(Grant no. 874735 (VEO)), and the SciLifeLab Pandemic Preparedness projects (LPP1-007 and REPLP1:005).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​67438-3.

Correspondence and requests for materials should be addressed to J.K.

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.

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) 2024

https://www.meteoblue.com/en/climate-change/hanoi_vietnam_1581130?month=1
https://www.meteoblue.com/en/climate-change/hanoi_vietnam_1581130?month=1
https://doi.org/10.1038/s41598-024-67438-3
https://doi.org/10.1038/s41598-024-67438-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Study on the temporal and spatial distribution of Culex mosquitoes in Hanoi, Vietnam
	Methods
	Field sampling and speciation
	Extraction and RT-qPCR
	Case data
	Data analysis

	Results
	Mosquitoes, temperature, and humidity
	Seasonal variation in viral encephalitis cases
	Screening of viral RNA in vector mosquito pools

	Discussion
	Conclusion
	References
	Acknowledgements


