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Wolbachia: a possible weapon for
controlling dengue in Nepal
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Abstract

Dengue, a mosquito-borne viral infectious disease, causes a high morbidity and mortality in tropical and subtropical
areas of the world. In Nepal, the first case of dengue was reported in 2004 followed by frequent outbreaks in
subsequent years, with the largest being in 2019 taking the death toll of six. It is reported that the number of
dengue fever cases are soaring in Nepal spreading from the plains to more hilly regions. This might have serious
public health implications in the future when combined with other factors, such as: global warming, lack of early
detection and treatment of dengue, lack of diagnostic facilities, poor healthcare systems and mosquito control
strategies. Nepal, thus, needs a cost-effective mosquito control strategy for the prevention and control of dengue.
The Wolbachia-mediated biological method of the dengue control strategy is novel, economic, and environment-
friendly. It has been successfully trialed in several areas of dengue-prone countries of the world, including Australia,
Malaysia, Vietnam etc. resulting in significant reductions in dengue incidence. Given the lack of effective vector
control strategy and weak economic condition of the country along with the persistence of climate and
environment conditions that favors the host (Aedes mosquito) for Wolbachia, this approach can be a promising
option to control dengue in Nepal.
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Dear Editor,
Dengue fever (DF) is the most common mosquito-

borne viral infection caused by the dengue virus of Flavi-
viridae family and transmitted primarily by Aedes aegypti
and A. albopictus [1]. There are four serotypes of dengue
virus: dengue virus type 1 (DENV-1), dengue virus type
2 (DENV-2), dengue virus type 3 (DENV-3), and dengue
virus type 4 (DENV-4) [1], and each serotype is associ-
ated with large-scale outbreaks causing serious public
health emergencies [2]. The symptoms of the dengue
range from non-specific viral syndrome (dengue fever)
to fatal hemorrhagic disease (dengue hemorrhagic fever
[DHF]) [2]. More than 3.9 billion people living in

tropical and subtropical areas in over 128 countries are
in risk of dengue [3], and each year around 100–400
millions of cases and several thousand deaths are experi-
enced globally [1].
In Southern Asian countries over the past few decades,

dengue virus has been reported with severe outbreaks as
experienced in India [4], China [5], and other nations,
showing that dengue is well established and is on the
rise in neighboring countries. Nepal is no exception to
this and has experienced several episodes of dengue out-
breaks each year [6]. Due to the long porous border with
India, there is always a high risk of the cross-country
spread of dengue in Nepal [7] (Fig. 1). A study has re-
ported that the nucleotide sequences of the Nepalese
dengue strain are similar to those circulating in India
suggesting that the dengue virus could have been intro-
duced from India [8]. Nepal encountered the largest out-
break of dengue in 2019 which cost the lives of six
people (Fig. 2) [9].
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The Ministry of Health and Population (MoHP) in
Nepal has established an Early Warning and Report-
ing System (EWARS) to alert the healthcare systems
on potential disease outbreaks [10]. However, EWARS
failed to alert the healthcare systems concerning po-
tential dengue fever outbreaks [6], and MoHP’s coun-
terstrategies to cope with dengue incidence were
insufficient. Lack of early detection and treatment of
dengue cases, limited diagnostic tools, and poor
healthcare systems are the major challenges to the
fight against dengue in Nepal [11]. From the view-
point of climate change, Nepal is one of the most
vulnerable countries which is warming at a higher
rate than the global average (1.5 °C in the last 25
years), and further, it is anticipated to be warmer and
rainier in the future [12]. As a result, dengue is more
likely to spread to higher elevations and outbreaks
might escalate in the future [13–15]. Actually, such
situation has already been evinced in the hilly and
mountainous regions of the country (Fig. 1). This
warrants for the need of developing an effective

dengue control strategy taking into account the effect
of climate change in the incidence of dengue in
Nepal.
Until now, the main strategy employed for controlling

dengue in Nepal has been reducing the abundance of
the primary vector mosquito Aedes sp. using insecticides
and clearing their breeding grounds [16]. However, lack
of full effectiveness of the aforementioned methods, the
emergence of insecticide resistance in vectors, and envir-
onmental pollution issues have motivated the search for
newer approaches [17]. Whereas biological control strat-
egies (such as use of fish, copepods, spiders and geckos)
have some promising results in the control of mosquito-
borne diseases including dengue in Vietnam [18, 19],
these methods are associated with a high cost, requiring
constant intercessions, and are unlikely to be introduced
in peri-urban and urban communities [18, 20]. Some mi-
crobial bio-insecticides such as Bacillus thuringiensis
subsp. israelensis (BTi), an entomo-pathogenic bacter-
ium, have been proven successful to eliminate mosqui-
toes with effective larvicidal activities [21]; however, a

Fig. 1 Map of the landlocked Nepal bordered by India and China and showing the total number of confirmed dengue cases reported from
different districts of Nepal from fiscal year 2014/2015 until 2019/2020. Data were retrieved from the Epidemiology and Disease Control Division,
Department of Health Services, Ministry of Health and Population, Government of Nepal
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short residual activity has reduced its efficacy in control-
ling mosquito-borne diseases [22]. Considering the
circumstances, there is an urgent need of novel, cost-
effective, and eco-friendly strategies to control dengue,
which could be possible by using Wolbachia, an intracel-
lular Gram-negative bacterium.
After the first introduction of Wolbachia in 1923, this

perceived as being successful in controlling the popula-
tion of harmful arthropods due to its effective vertical
transmission and ability of replication inside the arthro-
pods (Fig. 3) [25, 26]. The secrets of Wolbachia success
can be seen by its ability to infect both male and female
mosquitoes. Infected female mosquitoes lay eggs that
harbor Wolbachia, and when Wolbachia-free females
mate with Wolbachia-infected males, the eggs do not
hatch, thereby limiting the vector proliferation (which is
crucial for controlling dengue) (Fig. 3) [23]. Moreover,
once introduced into mosquitoes, Wolbachia interferes
with pathogen transmission and shortens the core life-
span of the host [24, 27]. Mosquito is crucial in the
transmission of dengue virus, as after the entry in the
mosquito’s body through an infected blood meal, dengue
virus needs 8–12 days to spread on the mosquito’s body
before migrating to the host’s salivary glands so it can be
transmitted to the healthy humans [28]. An infected
mosquito can transmit dengue virus for its entire life-
spans lasting for 3–4 weeks in general [28]. Furthermore,
when a Wolbachia-infected male mates with a female
that is uninfected or harboring a different Wolbachia
type, it induces cytoplasmic incompatibility (CI), also
known as reproductive abnormality, resulting in early

embryo death of the host [29]. Wolbachia-transfected
mosquitoes experience upregulation of aae-miR-2940 in
their cell lines, targeting metalloprotease genes and eases
colonization of bacterium inside the host [30]. Several
consequences are observed after the establishment of
Wolbachia inside the mosquito host which result in re-
productive abnormalities such as modifications within
male sperm, feminization, and developmental disorders
by altering the nutritional uptake in the mosquito (Fig.
3) [24]. Wolbachia indirectly nullifies the dengue virus
living inside the host by ROS Toll pathway [24, 31] and
exploits the miRNA of the host by altering the expres-
sion of methyltransferase gene DnmmtA2, thereby inhi-
biting the viral replication and enhancing its
establishment within the cells of vector mosquito [24].
This inhibition of replication of dengue virus along with
the propagation within the A. aegypti and A. albopictus
populations is effective in either partially or completely
blocking virus transfer to humans, which has, thus, a
vital role to halt the transmission of dengue virus.
Different strains of Wolbachia have already been

trialed in many dengue-affected areas of other countries
(such as Australia [32], Malaysia [33], and Vietnam [34])
where the results were primising. For example, in a
study at Belgian Gardens—an inner coastal suburb in
the City of Townsville, Queensland, Australia, after the
release of four million Wolbachia-infected mosquitoes in
2014, nearly 100% mosquitoes were infected with Wol-
bachia after 1 year and the cases of dengue plummeted
drastically [32]. Likewise, in another trial conducted by
releasing approximately half-million of Wolbachia-

Fig. 2 Confirmed dengue cases in Nepal recorded in each fiscal year starting from 2014/2015 until 2019/2020. Data were collected from
Epidemiology and Disease Control Division, Department of Health Services, Ministry of Health and Population, Government of Nepal
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infected mosquitoes in Vinh Luong (a crowded dengue-
prone district in southern Vietnam), cases of dengue
were reduced by 86% since the trial [34].
The climate in Nepal varies with its topography and

altitude with monsoon season starting from June and
lasting until August. During this season, rainfall deposits
the water in household containers, ditches, old automo-
bile tires, buckets, blocked gutters, trash, buildings under
construction, etc., creating a favorable environment for
the multiplication and proliferation of Aedes mosquito
[16]. Since the stable population of the host (Aedes sp.)
(needed for proper multiplication of Wolbachia) are
abundantly distributed in most of the areas in Nepal
[35], several strains of Wolbachia can be effectively used
to infect mosquito population with minimal cost. Apart
from its cost-effectiveness, Wolbachia-mediated control
method is eco-friendly [24]; therefore, it is one of the

best possible options for low-income and resource-poor
countries like Nepal. Although the initiation of this Wol-
bachia-mediated control method in Nepal might de-
crease its reliance on currently employed dengue control
methods such as clearing the mosquito breeding sites,
using anti-mosquito strategies (using mosquito nets and
repellents, applying screens on windows and doors to
stop mosquitoes from entering the house, wearing long-
sleeved and light-colored clothes, and using household
insecticide aerosol, mosquito coils, and vaporizers), and
public awareness program in control of dengue, these
techniques should not be discouraged in the initial stage
of this new technique, which might jointly help to tackle
the problem of dengue in Nepal. However, to implement
this strategy, there is the need for the Government of
Nepal to develop and prioritize Wolbachia-mediated
dengue control including the (1) development and

Fig. 3 Vertical transmission of Wolbachia, its role in controlling dengue [23], and consequences within the infected host [24]. Note: red colored
mosquitoes are infected with Wolbachia while green colored mosquitoes are uninfected. ♀ indicates female mosquito and ♂ symbolizes
male mosquito
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establishment of effective laboratory networks to early
diagnose, detect, quickly respond, and report dengue; (2)
development of qualified manpower to perform surveil-
lance, track, check, and carry out data analysis to deter-
mine dengue-affected areas; (3) establishment of
laboratories to grow Wolbachia-infected mosquitoes;
and (4) inculcating sanitary habits and maintaining a
clean environment.
Controlling dengue in Nepal is challenging yet pos-

sible. It requires a high degree of scientific, political, so-
cial and economic commitment. Wolbachia could be the
best possible eco-friendly weapon for controlling dengue
in Nepal posing no direct risk to human and environ-
mental health.

Abbreviations
BTi: Bacillus thuringiensis subsp. israelensis; CI: Cytoplasmic incompatibility;
DF: Dengue fever; DHF: Dengue hemorrhagic fever; DENV: Dengue virus;
MoHP: Ministry of Health and Population; EWARS: Early Warning and
Reporting System

Acknowledgements
The authors would like to thank the anonymous reviewers of this manuscript
for their support, Prof. Bruce Edmonds and Mr. Sanjib Adhikari for checking
the paper consistency and correcting the language, and Mr. Daya Sagar
Subedi for helping to construct Fig. 1.

Authors’ contributions
SK conceived the idea and wrote the initial draft. RP, AT, KPA, and TK revised
the manuscript in collaboration with SK. All authors read and approved the
final manuscript.

Funding
Not applicable.

Availability of data and materials
Data included in Figs. 1 and 2 are retrieved from the Epidemiology and
Disease Control Division, Department of Health Services, Ministry of Health
and Population, Government of Nepal. Dengue Control Program [Internet]
[cited April 2, 2020]. Available from http://www.edcd.gov.np/section/dengue-
control-program.

Ethics approval and consent to participate
Not applicable (NA).

Consent for publication
Not applicable (NA).

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Microbiology, Birendra Multiple Campus, Tribhuvan
University, Bharatpur, Chitwan 44200, Nepal. 2State Key Laboratory of
Environmental Aquatic Chemistry, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China. 3Key
Laboratory of Mountain Surface Process and Ecological Regulation, Institute
of Mountain Hazards and Environment, Chinese Academy of Sciences,
Chengdu 610041, China. 4State Key Laboratory of Alpine Ecology and
Biodiversity, Institute of Tibetan Plateau Research, Chinese Academy of
Sciences, Beijing 100101, China. 5University of Chinese Academy of Sciences,
Beijing 100049, China. 6Animal Quarantine Office (AQO), Budhanilkantha,
Kathmandu, Nepal. 7Department of Emergency Management, Patuakhali
Science and Technology University, Patuakhali, Bangladesh.

Received: 16 April 2020 Accepted: 10 June 2020

References
1. WHO (World Health Organization). Dengue and severe dengue. 2020.

https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-
dengue. Accessed 12 May 2020.

2. WHO (World Health Organization). Dengue guidelines for diagnosis,
treatment, prevention and control. A joint publication of the World Health
Organization (WHO) and the Special Programme for Research and Training
in Tropical Diseases (TDR). 2009. doi: https://doi.org/10.1176/pn.41.1.0029b.

3. Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, et al.
Refining the global spatial limits of dengue virus transmission by evidence-
based consensus. PLoS Negl Trop Dis. 2012;6. https://doi.org/10.1371/
journal.pntd.0001760.

4. Mutheneni SR, Morse AP, Caminade C, Upadhyayula SM. Dengue burden in
India: recent trends and importance of climatic parameters. Emerg Microbes
Infect. 2017;6. https://doi.org/10.1038/emi.2017.57.

5. Zhang H, Mehmood K, Chang YF, Zhao Y, Lin W, Chang Z. Increase in cases
of dengue in China, 2004–2016: a retrospective observational study. Travel
Med Infect Dis, September. 2020, 2019:101674. https://doi.org/10.1016/j.
tmaid.2020.101674.

6. Acharya KP, Chaulagain B, Acharya N, Subramanya SH. Establishment and
recent surge in spatio-temporal spread of dengue in Nepal. Emerg
Microbes Infect. 2020;9:676–9. https://doi.org/10.1080/22221751.2020.
1740062.

7. Adhikari N, Subedi D. The alarming outbreaks of dengue in Nepal. Trop
Med Health. 2020;48:5–7.

8. Takasaki T, Kotaki A, Nishimura K, Sato Y, Tokuda A, Lim CK, et al. Dengue
virus type 2 isolated from an imported dengue patient in Japan: first
isolation of dengue virus from Nepal. J Travel Med. 2008;15:46–9. https://doi.
org/10.1111/j.1708-8305.2007.00165.x.

9. EDCD (Epidemiology and Disease Control Division). Updates on dengue
fever. Epidemiol Dis Control Div. 2019. http://edcd.gov.np/resources/
download/dengue-update-as-of-1st-ashoj-2076. Accessed 12 May 2020.

10. EDCD (Epidemiology and Disease Control Division), Department of Health
Services, Ministry of Health and Population, Government of Nepal. Early
Warning and Reporting System (EWARS). Weekly Bulletin (15th
Epidemiological Week). 2020. https://reliefweb.int/sites/reliefweb.int/files/
resources/ewars-weekly-bulletin-15th-week-2020.pdf. Accessed 12 May 2020.

11. Gupta BP, Tuladhar R, Kurmi R, Das MK. Dengue periodic outbreaks and
epidemiological trends in Nepal. Ann Clin Microbiol Antimicrob. 2018;17:1–
6. https://doi.org/10.1186/s12941-018-0258-9.

12. Khadka D, Pathak D. Climate change projection for the marsyangdi river
basin, Nepal using statistical downscaling of GCM and its implications in
geodisasters. Geoenvironmental Disasters. 2016;3. https://doi.org/10.1186/
s40677-016-0050-0.

13. Dhimal M, Gautam I, Kreß A, Müller R, Kuch U. Spatio-temporal distribution
of dengue and lymphatic filariasis vectors along an altitudinal transect in
central Nepal. PLoS Negl Trop Dis. 2014;8. https://doi.org/10.1371/journal.
pntd.0003035.

14. Dhimal M, Ahrens B, Kuch U. Climate change and spatiotemporal
distributions of vector-borne diseases in Nepal - a systematic synthesis of
literature. PLoS One. 2015;10:1–31. https://doi.org/10.1371/journal.pone.
0129869.

15. Pandey BD, Costello A. The dengue epidemic and climate change in Nepal.
Lancet. 2019;394:2150–1. https://doi.org/10.1016/S0140-6736(19)32689-3.

16. EDCD (Epidemiology and Disease Control Division). National Guidelines on
Prevention, Management and Control of Dengue in Nepal. 2019. https://
www.who.int/docs/default-source/nepal-documents/national-guidelines-on-
prevention-management-and-control-of-dengue-in-nepal.pdf?sfvrsn=e02216
fd_2. Accessed 12 May 2020.

17. World Health Organization. Dengue: prevention and control. Executive
136th session, provisional agenda item 9.2, EB136/24, Report by the
Secretariat. 2014. https://apps.who.int/gb/ebwha/pdf_files/EB136/B136_24-
en.pdf. Accessed 12 May 2020.

18. Frentiu FD, Walker T, O’Neil SL. Biological control of dengue and Wolbachia-
based strategies. In: Dengue and dengue hemorrhagic fever. Second: CAB
International; 2014. p. 537–47.

19. Kay B, Nam VS. New strategy against Aedes aegypti in Vietnam. Lancet.
2005;365:613–7. https://doi.org/10.1016/S0140-6736(05)17913-6.

Khadka et al. Tropical Medicine and Health           (2020) 48:50 Page 5 of 6

http://www.edcd.gov.np/section/dengue-control-program
http://www.edcd.gov.np/section/dengue-control-program
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://doi.org/10.1176/pn.41.1.0029b
https://doi.org/10.1371/journal.pntd.0001760
https://doi.org/10.1371/journal.pntd.0001760
https://doi.org/10.1038/emi.2017.57
https://doi.org/10.1016/j.tmaid.2020.101674
https://doi.org/10.1016/j.tmaid.2020.101674
https://doi.org/10.1080/22221751.2020.1740062
https://doi.org/10.1080/22221751.2020.1740062
https://doi.org/10.1111/j.1708-8305.2007.00165.x
https://doi.org/10.1111/j.1708-8305.2007.00165.x
http://edcd.gov.np/resources/download/dengue-update-as-of-1st-ashoj-2076
http://edcd.gov.np/resources/download/dengue-update-as-of-1st-ashoj-2076
https://reliefweb.int/sites/reliefweb.int/files/resources/ewars-weekly-bulletin-15th-week-2020.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/ewars-weekly-bulletin-15th-week-2020.pdf
https://doi.org/10.1186/s12941-018-0258-9
https://doi.org/10.1186/s40677-016-0050-0
https://doi.org/10.1186/s40677-016-0050-0
https://doi.org/10.1371/journal.pntd.0003035
https://doi.org/10.1371/journal.pntd.0003035
https://doi.org/10.1371/journal.pone.0129869
https://doi.org/10.1371/journal.pone.0129869
https://doi.org/10.1016/S0140-6736(19)32689-3
https://www.who.int/docs/default-source/nepal-documents/national-guidelines-on-prevention-management-and-control-of-dengue-in-nepal.pdf?sfvrsn=e02216fd_2
https://www.who.int/docs/default-source/nepal-documents/national-guidelines-on-prevention-management-and-control-of-dengue-in-nepal.pdf?sfvrsn=e02216fd_2
https://www.who.int/docs/default-source/nepal-documents/national-guidelines-on-prevention-management-and-control-of-dengue-in-nepal.pdf?sfvrsn=e02216fd_2
https://www.who.int/docs/default-source/nepal-documents/national-guidelines-on-prevention-management-and-control-of-dengue-in-nepal.pdf?sfvrsn=e02216fd_2
https://apps.who.int/gb/ebwha/pdf_files/EB136/B136_24-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB136/B136_24-en.pdf
https://doi.org/10.1016/S0140-6736(05)17913-6


20. Iturbe-Ormaetxe I, Walker T, O’Neill SL. Wolbachia and the biological control
of mosquito-borne disease. EMBO Rep. 2011;12:508–18. https://doi.org/10.
1038/embor.2011.84.

21. Boyce R, Lenhart A, Kroeger A, Velayudhan R, Roberts B, Horstick O. Bacillus
thuringiensis israelensis (Bti) for the control of dengue vectors: systematic
literature review. Trop Med Int Heal. 2013;18:564–77. https://doi.org/10.1111/
tmi.12087.

22. Margalith Y, Ben-Dov E. Biological control by Bacillus thuringiensis subsp.
israelensis. Insect pest management: techniques for environmental
protection. Boca Ratonv: CRC Press; 2000.

23. O’Neill S. The dengue stopper. Sci Am. 2015;312:72–7. https://doi.org/10.
1038/scientificamerican0615-72.

24. Tahir U, Khan UH, Zubair MS. Bahar-e-Mustafa. Wolbachia pipientis: a
potential candidate for combating and eradicating dengue epidemics in
Pakistan. Asian Pac J Trop Med. 2015;8:989–98. https://doi.org/10.1016/j.
apjtm.2015.11.012.

25. Hertig M, Wolbach SB. Studies on Rickettsia-like micro-organisms in insects.
J Med Res. 1924;44:329–74 http://www.ncbi.nlm.nih.gov/pubmed/
19972605%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
PMC2041761.

26. Cowdry EV. The distribution of Rickettsia in the tissues of insects and
arachnids. J Exp Med. 1923;37:431–56.

27. McMeniman CJ, Lane RV, Cass BN, Fong AWC, Sidhu M, Wang YF, et al.
Stable introduction of a life-shortening Wolbachia infection into the
mosquito Aedes aegypti. Science. 2009;323:141–4. https://doi.org/10.1126/
science.1165326.

28. Scitable by nature Education. Dengue Transmission. 2014. https://www.
nature.com/scitable/topicpage/dengue-transmission-22399758/. Accessed 9
May 2020.

29. Bian G, Xu Y, Lu P, Xie Y, Xi Z. The endosymbiotic bacterium Wolbachia
induces resistance to dengue virus in Aedes aegypti. PLoS Pathog. 2010;6:
1–10. https://doi.org/10.1371/journal.ppat.1000833.

30. Hussain M, Frentiu FD, Moreira LA, O’Neill SL, Asgari S. Wolbachia uses host
microRNAs to manipulate host gene expression and facilitate colonization
of the dengue vector Aedes aegypti. Proc Natl Acad Sci U S A. 2011;108:
9250–5. https://doi.org/10.1073/pnas.1105469108.

31. Pan X, Zhou G, Wu J, Bian G, Lu P, Raikhel AS, et al. Wolbachia induces
reactive oxygen species (ROS)-dependent activation of the Toll pathway to
control dengue virus in the mosquito Aedes aegypti. Proc Natl Acad Sci U S
A. 2012;109. https://doi.org/10.1073/pnas.1116932108.

32. Callaway E. Dengue rates plummet in Australian city after release of
modified mosquitoes. Nature. 2018. https://www.nature.com/articles/d415
86-018-05914-3. Accessed 12 May 2020.

33. Nazni WA, Hoffmann AA, NoorAfizah A, Cheong YL, Mancini MV, Golding N,
et al. Establishment of Wolbachia strain wAlbB in Malaysian populations of
Aedes aegypti for dengue control. Curr Biol. 2019;29:4241–4248.e5. https://
doi.org/10.1016/j.cub.2019.11.007.

34. The Japan Times. In bid to stamp out dengue, mosquitoes carrying disease-
resistant bacteria released in Vietnam | The Japan Times. 2019. https://www.
japantimes.co.jp/news/2019/09/13/asia-pacific/science-health-asia-pacific/
dengue-vietnam-mosquitoes-resistant/#.XnyKV9MzY0o. Accessed 8 May
2020.

35. Dhimal M, Gautam I, Joshi HD, O’Hara RB, Ahrens B, Kuch U. Risk factors for
the presence of chikungunya and dengue vectors (Aedes aegypti and
Aedes albopictus), their altitudinal distribution and climatic determinants of
their abundance in central Nepal. PLoS Negl Trop Dis. 2015;9:1–20. https://
doi.org/10.1371/journal.pntd.0003545.

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

Khadka et al. Tropical Medicine and Health           (2020) 48:50 Page 6 of 6

https://doi.org/10.1038/embor.2011.84
https://doi.org/10.1038/embor.2011.84
https://doi.org/10.1111/tmi.12087
https://doi.org/10.1111/tmi.12087
https://doi.org/10.1038/scientificamerican0615-72
https://doi.org/10.1038/scientificamerican0615-72
https://doi.org/10.1016/j.apjtm.2015.11.012
https://doi.org/10.1016/j.apjtm.2015.11.012
https://doi.org/10.1126/science.1165326
https://doi.org/10.1126/science.1165326
https://www.nature.com/scitable/topicpage/dengue-transmission-22399758/
https://www.nature.com/scitable/topicpage/dengue-transmission-22399758/
https://doi.org/10.1371/journal.ppat.1000833
https://doi.org/10.1073/pnas.1105469108
https://doi.org/10.1073/pnas.1116932108
https://www.nature.com/articles/d41586-018-05914-3
https://www.nature.com/articles/d41586-018-05914-3
https://doi.org/10.1016/j.cub.2019.11.007
https://doi.org/10.1016/j.cub.2019.11.007
https://www.japantimes.co.jp/news/2019/09/13/asia-pacific/science-health-asia-pacific/dengue-vietnam-mosquitoes-resistant/#.XnyKV9MzY0o
https://www.japantimes.co.jp/news/2019/09/13/asia-pacific/science-health-asia-pacific/dengue-vietnam-mosquitoes-resistant/#.XnyKV9MzY0o
https://www.japantimes.co.jp/news/2019/09/13/asia-pacific/science-health-asia-pacific/dengue-vietnam-mosquitoes-resistant/#.XnyKV9MzY0o
https://doi.org/10.1371/journal.pntd.0003545
https://doi.org/10.1371/journal.pntd.0003545

	Abstract
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

