
Perspective
Arboviruses and Their Vectors
Zachary J. Madewell, PhD, MPH

Arthropod-transmitted viruses (arboviruses) pose important
public health challenges worldwide, and continue to do

so even while the world is contending with the 2019 coronavirus
disease (COVID-19) pandemic. The novel severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is spread by contact
with respiratory droplets from infected individuals. Arboviruses
pose a different threat to humanity because of their efficient trans-
mission by our formidable health adversary, the mosquito. There
is no evidence that mosquitoes are vectors for SARS-CoV-2 or the
two structurally related viruses causing SARS or Middle East
respiratory syndrome. There are >500 recognized arboviruses
worldwide, 150 of which are known to cause human disease.1

This figure may only represent <1% of all arboviruses, as most
are zoonotic infections among hosts other than humans.1 World-
wide, the most prevalent arboviral diseases per year are dengue
fever (DENV; 96 million cases), chikungunya virus (CHIKV;
693,000 cases), Zika virus (ZIKV; 500,000 cases), yellow fever
(130,000 cases), Japanese encephalitis (42,500 cases), and West
Nile virus (2,588 cases).2 Other emergent or reemergent arboviral
diseases are Eastern equine encephalitis, St Louis encephalitis,
La Crosse encephalitis, Rift Valley fever, Spondweni, Mayaro,
Usutu, O’nyong-nyong, and Sindbis. As such, arboviral diseases
also must remain a clinical focus for physicians beyond the
overwhelming concern for COVID-19. In fact, these diseases
may complicate efforts to identify COVID-19, especially in
underresourced environments, as they share some clinical and
laboratory features. This is exemplified by a recent report of
a patient in Thailand whowas initially diagnosed as having den-
gue fever, but was later confirmed to be co-infected with SARS-
CoV-2.3 Concurrent outbreaks of influenza and dengue viruses
also have been reported to cause challenges in underlying patho-
gen identification and delayed recognition of outbreaks of either
of the diseases in the community.4

DENV, CHIKV, and ZIKV viruses are of current concern
because of rising incidence, expanding geographic range, clin-
ically important disease spectrum, and public health burden.
These viruses share epidemiology, transmission pathways, and
clinical expressions, although their complications vary. The clinical
signs associated with infection from these arboviruses are often
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inapparent, mild, or nonspecific, but they may include serious
complications. Definitive diagnoses of DENV, CHIKV, and
ZIKV may be made with enzyme-linked immunosorbent assay
or reverse transcriptase-polymerase chain reaction, but these
tests may not be readily available in many underresourced lab-
oratory settings.

DENV
DENV is a single-stranded, lipid-enveloped, nonsegmented

RNA Flavivirus of the Flaviviridae family.5 More than half of the
viruses in the genus Flavivirus cause human diseases, including
yellow fever, West Nile, Japanese encephalitis, and St Louis
encephalitis viruses. DENV is the most prevalent and rapidly
spreading arbovirus, with community transmission occurring
in 128 countries, thereby creating risks for 4 billion people.6

There are 390 million DENV infections worldwide annually,
including 96 million clinical cases, 500,000 dengue hemor-
rhagic fever (DHF) cases, and 22,000 deaths, mostly children
5 years of age and younger.6 COVID-19 arrived during a major
DENVepidemic. There were >3.1 million cases in the Americas
alone in 2019, and >1.6 million cases in the first 21 weeks
of 2020.7

Dengue infections are caused by four serotypes (DENV-1 to
DENV-4), and infection from one serotype confers lifelong
immunity for that serotype but only limited protection for other
serotypes (and for only a few months after infection). A fifth
variant, DENV-5, was isolated in October 2013.8 Half of all
DENV infections are asymptomatic, but all DENV serotypes
may cause febrile illness, sudden-onset skin rash, myalgia, head-
ache, and vomiting.9 The complications of DENV include DHF
and dengue shock syndrome. Without proper treatment, 1% to
20% of DHF cases lead to death, whereas with treatment, the
case fatality rate is <1%.6 The risk of DHF may increase up to
15 to 500 times following a secondary infection with a different
serotype.10 DHF, however, is typically observed in only a small
percentage of secondary infections and is rare in primary DENV
infections.11 There is evidence of cross-immunity between DENV
and other Flaviviruses, including ZIKV12 and yellow fever,13

although these immunologic patterns are poorly understood.

CHIKV
First identified in Tanzania in 1952, CHIKV is an enveloped

plus-strand RNA Alphavirus.14 The word chikungunya in the
Kimakonde language means “that which bends up,” which
may have derived from the hunched posture among infected
individuals with severe joint and arthritic pain.15 CHIKV is
of the Togaviridae family, which includes O’nyong-nyong,
Mayaro, Ross River, and Semliki Forest viruses. Outbreaks
in 2004 in Africa and Asia were followed by outbreaks in
the Americas in 2015.14 Local transmission of CHIKV was
described in the United States in 2014 and has been identified
in >60 countries in Asia, Africa, Europe, and the Americas.14 In
contrast to DENV and ZIKV, most people infected with CHIKV
are symptomatic.15 CHIKV causes severe arthralgia and
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persistent rheumatic symptoms.15 Symptoms may last months
to years, especially in those 35 years of age and older.16 Other
complications include prolonged arthritis, meningoencepha-
litis, nephritis, retinitis, uveitis, myelitis, cranial nerve palsies,
and acute encephalopathy.17

ZIKV
ZIKV is a single-stranded enveloped RNA Flavivirus of the

Flaviviridae family. First identified in Uganda in 1947, ZIKV
expanded into the South Pacific region and the Americas, with
48 countries reporting active ZIKV by 2017 and 86 by 2019.18,19

Like other arboviruses, ZIKV infection confers lifelong immunity
to reinfection.20 Although 60% to 80% of infected individuals
are asymptomatic,21 ZIKVmay cause fever, rash, conjunctivitis,
arthralgia, myalgia, headache, dysesthesia, retroorbital pain,
asthenia, and arthritis.20,22 ZIKV infection has also been linked
to Guillain-Barré syndrome.23

Other horizontal (eg, sexual, blood transfusions) and ver-
tical (mother-to-fetus) transmissions have been reported for
ZIKV.19 Sexual transmission of ZIKV has been reported up to
44 days after onset of symptoms, and the viral RNAmay remain
in semen for 180 days after symptom onset.24,25 An estimated
5% to 15% of women infected with ZIKV during pregnancy
give birth to infants with congenital abnormalities.23 Congenital
Zika syndrome encompasses a range of disorders, including
microcephaly, encephalitis, craniofacial disproportion, cere-
bral palsy, hearing loss, brainstem dysfunctions, spasticity,
joint deformities, clubfoot, and developmental and inflammatory
ocular diseases.20,22

Vectors
Aedes aegypti are small, dark mosquitoes with white mark-

ings on their legs. They have four life stages (egg, larva, pupa,
adult), a process that takes 8 to 10 days, depending on temper-
ature, food availability, and larval density.26 Males may mate
frequently throughout their lifetimes, but only one sperm dose
is needed by females to produce numerous batches of eggs.
Females lay 100 eggs at a time and need as little as a bottle
cap full of water to lay eggs, which may hatch and develop into
adults in 1 week.26 The eggs are durable, capable of remaining
viable after freezing, and surviving in desiccated settings for
>1 year.27 Males survive 2 to 3 weeks in the field, whereas females
may survive 4 to 5 weeks.28

Male mosquitoes do not bite humans, but females are vora-
cious daytime feeders seeking blood for protein to make eggs. A.
aegypti have a strong preference for human blood, whereas A.
albopictus are less discriminate, feeding on both humans and
animals.29 A. aegyptimay ingest 3 to 4 μL blood, twice its body
weight, and may become infected with an arbovirus after feeding
on a viremic human. Once infected, A. aegypti remains infected
for life.30 Viruses in A. aegypti saliva may be transmitted to
humans by bites from infected females. A. aegypti are capable
of transmitting >1 arbovirus during a single feeding episode.31

Females may take multiple blood meals to complete the 2- to
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8-day gonotrophic cycle that begins with blood meals and ends
with egglaying.32

Once a forest-dwelling zoophilic mosquito,A. aegypti adapted
into an anthropophilic highly domesticated species, preferring
urban areas in and around households, whereas A. albopictus
prefer rural, suburban, and urban settings.28,29 A. aegypti rarely
disperse beyond 30 to 40 m of the household where they devel-
oped as larvae and fly a total of 40 to 80 m throughout their life-
times.33,34 Ideal larval habitats for A. aegypti are dark-colored
containers with stagnant water and organic material in shaded
areas around houses.35 Productive container types include flow-
erpots, tires, vases, buckets, cans, rain gutters, fountains, bottles,
and birdbaths.35 Single containers may be extremely productive;
one septic tank in Puerto Rico produced >1500 A. aegypti per
day.36 A. albopictus can live in a broader temperature range and
cooler temperatures than A. aegypti.37 A. aegypti prefer to rest
inside houses on walls, in closets, or underneath furniture,
whereas A. albopictus generally rest outdoors. Stay-at-home
COVID-19 requirements may increase household A. aegypti
bites, as there is a there is a demonstrated association between
household crowding and arbovirus infections.38,39 Upon arrival
to newareas, the invasive A. aegypti and A. albopictus have dem-
onstrated an ability to replace resident mosquito populations via
competitive exclusion.40

Climate change, urbanization, migration, human behavior,
and ecosystem alterations are among the myriad factors influenc-
ing the geographic spread of Aedes spp. and their viruses. In
2014, 54% of people lived in urban areas worldwide, which is
expected to increase to 66% by 2050.41 Greater human popula-
tion densities provide more feeding opportunities for A. aegypti.
Global temperatures are expected to increase 2°C to 4.5°C by
2100, potentially exposing an additional 2 billion people to arbovi-
ruses, including higher-latitude US states.42 More than 60% of the
world’s population will be at risk for DENV by 2080.43

Approximately 6.01 billion people live in areas suitable for
A. aegypti transmission and 6.33 billion live in areas suitable for
A. albopictus.44,45 To date, A. aegypti has been frequently, albeit
sporadically, reported in California, Texas, Florida, Louisiana,
Mississippi, Georgia, and Arizona.46 The potential range of A.
aegypti in the United States is enormous, encompassing the entire
US southern tier.47 Other Aedes spp. may spread arboviruses in
Africa, Asia, and the Pacific Rim.48 For example, ZIKV has
been identified in 16 different Aedes species.18 Fewer A. aegypti
or A. albopictus are required to cause local arbovirus transmis-
sion in immunologically naïve communities where herd immu-
nity is low or nonexistent and ambient temperature is high.44

Vector Control
Other than for DENV, yellow fever, and Japanese enceph-

alitis viruses, there are no commercially available vaccines for
arboviruses. TheDENVvaccine has been licensed in >20 countries
including the United States, but has not been incorporated into
any national program because of difficult logistical requirements
for prevaccination.49 As such, vector control and human behavior
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modification, to maintain mosquitoes below the local transmis-
sion density threshold, are the most widely used preventive
strategies.44

Integrated vector management, promoted by theWorld Health
Organization, recommends a combination of vector control
strategies that target different stages of the mosquito life cycle
and may be biological, chemical, or environmental.50 Immature
mosquito control strategies include larval source-reduction cam-
paigns and treating water containers with bleach, insecticides,
copepods, larvivorous fish, or entomopathogenic fungi.51 Adult
mosquito control strategies target different mosquito behaviors
such as mating (eg, release of insects with dominant lethality),
sugar feeding (eg, toxic sugar traps), blood feeding (eg, personal
protection such as repellents, protective clothing, bed nets),
resting (eg, indoor residual spraying), or egglaying (eg, lethal
ovitraps).51 Other vector management efforts include mass
deployment of gravid ovitraps or releasing A. aegypti transfected
with the endosymbiont bacterium Wolbachia.52,53 A. aegypti
have developed resistance to commonly used insecticides,
including pyrethroids.54

Diversion of support to combat SARS-CoV-2 may com-
promise mosquito control programs. For example, Sri Lanka;
Regina, Canada; and East Baton Rouge, Louisiana temporarily
suspended mosquito larviciding programs to increase support
for combating SARS-CoV-2.55–57 A poll by the National Asso-
ciation of County and City Health Officials demonstrated that
40% of vector control programs had moderate reductions to
complete shutdowns of vector control programs because of
the COVID-19 pandemic, with large portions of staff being
reassigned to the pandemic response.58 Proactive community-
wide and household measures must be taken to eliminate
domestic mosquito breeding sites. Vector control measures
should be implemented and practiced alongside COVID-19
prevention strategies such as handwashing, cleaning surfaces,
and social distancing.
Conclusions
With global warming, the mosquito’s range will continue to

expand north and south into areas that were previously free of
mosquito-borne diseases, including higher altitudes.2,45 The
rapid emergences of DENV, CHIKV, and ZIKV underscore the
reality that new pathogens causing dangerous epidemics may
emerge at any time. The introduction ofWest Nile virus in North
America and its rapid spread throughout the western hemisphere
provide a vivid example of the ability of an emerging arbovirus
to cause a significant public health impact in a new environment.
Other arboviruses, including Mayaro, Nipah, and Spondweni
may be emerging threats.59,60 Recent outbreaks of yellow fever
in Brazil and Africa foreshadow the reemergence of previously
controlled diseases.61 Until safe, effective, and affordable vac-
cines are available worldwide, robust surveillance programs
and aggressive vector control efforts are the best methods for
limiting their spread.
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Copyright © 2020 The Southern Medical Association. Un
References
1. Young PR. Arboviruses: a family on the move. In:Dengue and Zika: Control

and Antiviral Treatment Strategies, Hilgenfeld R, Vasudevan S, eds. New
York: Springer; 2018:1–10.

2. Franklinos LH, Jones KE, Redding DW, et al. The effect of global change on
mosquito-borne disease. Lancet Infect Dis 2019;19:E302–E312.

3. Ratnarathon AC, Pongpirul K, Pongpirul WA, et al. Potential dual dengue and
SARS-CoV-2 infection in Thailand: a case study. Heliyon 2020;6:e04175.

4. Hussain R, Al-Omar I, Memish ZA. The diagnostic challenge of pandemic
H1N1 2009 virus in a dengue-endemic region: a case report of combined
infection in Jeddah, Kingdom of Saudi Arabia. J Infect Public Health
2012;5:199–202.

5. Westaway E, Brinton M, Gaidamovich SY, et al. Flaviviridae. Intervirology
1985;24:183–192.

6. World Health Organization. Dengue and severe dengue. https://www.who.
int/news-room/fact-sheets/detail/dengue-and-severe-dengue. Accessed July
26, 2019.

7. Pan American Health Organization. Epidemiological update: dengue and
other arboviruses. https://www.paho.org/en/documents/epidemiological-
update-dengue-and-other-arboviruses-10-june-2020. Published June 10, 2020.
Accessed June 23, 2020.

8. Mustafa M, Rasotgi V, Jain S, et al. Discovery of fifth serotype of dengue
virus (DENV-5): a new public health dilemma in dengue control. Med J
Armed Forces India 2015;71:67–70.

9. Gubler DJ. Epidemic dengue/dengue hemorrhagic fever as a public health,
social and economic problem in the 21st century. Trends Microbiol
2002;10:100–103.

10. Sangkawibha N, Rojanasuphot S, Ahandrik S, et al. Risk factors in dengue
shock syndrome: a prospective epidemiologic study in Rayong, Thailand:
I. The 1980 outbreak. Am J Epidemiol 1984;120:653–669.

11. Martina BE, Koraka P, Osterhaus AD. Dengue virus pathogenesis: an integrated
view. Clin Microbiol Rev 2009;22:564–581.

12. Gordon A, Gresh L, Ojeda S, et al. Prior dengue virus infection and risk of
Zika: a pediatric cohort in Nicaragua. PLoS Med 2019;16:e1002726.

13. Izurieta RO, Macaluso M, Watts DM, et al. Anamnestic immune response
to dengue and decreased severity of yellow fever. J Glob Infect Dis
2009;1:111–116.

14. World Health Organization. Chikungunya 2017. https://www.who.int/news-
room/fact-sheets/detail/chikungunya. Accessed June 23, 2020.

15. Brasil P, Gabaglia CR. The story of chikungunya virus. Lancet Infect Dis
2019;19:702.

16. Weaver SC, Charlier C, Vasilakis N, et al. Zika, chikungunya, and other
emerging vector-borne viral diseases. Annu Rev Med 2018;69:395–408.

17. Centers for Disease Control and Prevention. Chikungunya virus: information
for health care providers. https://www.cdc.gov/chikungunya/hc/index.
html. Accessed March 17, 2019.

18. Gutiérrez-Bugallo G, Piedra LA, Rodriguez M, et al. Vector-borne transmission
and evolution of Zika virus. Nat Ecol Evol 2019;3:561–569.

19. Paixão ES, Teixeira MG, Rodrigues LC. Zika, chikungunya and dengue: the
causes and threats of new and re-emerging arboviral diseases. BMJ Glob
Health 2018;3(suppl 1):e000530.

20. Baud D, Gubler DJ, Schaub B, et al. An update on Zika virus infection.
Lancet 2017;390:2099–2109.

21. Mitchell PK, Mier-y-Teran-Romero L, Biggerstaff BJ, et al. Reassessing
serosurvey-based estimates of the symptomatic proportion of Zika virus
infections. Am J Epidemiol 2018;188:206–213.

22. Musso D, Gubler DJ. Zika virus. Clin Microbiol Rev 2016;29:487–524.

23. World Health Organization. Zika virus: key facts 2018. https://www.who.int/
news-room/fact-sheets/detail/zika-virus. Published July 20, 2018. Accessed
July 24, 2019.

24. Paz-Bailey G, Rosenberg ES, Doyle K, et al. Persistence of Zika virus in
body fluids. N Engl J Med 2018;379:1234–1243.

25. Medina FA, Torres G, Acevedo J, et al. Duration of the presence of infectious
Zika virus in semen and serum. J Infect Dis 2018;219:31–40.
© 2020 The Southern Medical Association

authorized reproduction of this article is prohibited.

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://www.paho.org/en/documents/epidemiological-update-dengue-and-other-arboviruses-10-june-2020
https://www.paho.org/en/documents/epidemiological-update-dengue-and-other-arboviruses-10-june-2020
https://www.who.int/news-room/fact-sheets/detail/chikungunya
https://www.who.int/news-room/fact-sheets/detail/chikungunya
https://www.cdc.gov/chikungunya/hc/index.html
https://www.cdc.gov/chikungunya/hc/index.html
https://www.who.int/news-room/fact-sheets/detail/zika-virus
https://www.who.int/news-room/fact-sheets/detail/zika-virus


Perspective
26. Centers for Disease Control and Prevention. Mosquito life cycle: Aedes aegypti.
https://www.cdc.gov/dengue/resources/factSheets/MosquitoLifecycleFINAL.
pdf. Published July 20, 2018. Accessed October 3, 2018.

27. Day J. Mosquito oviposition behavior and vector control. Insects 2016;7:65.

28. World Health Organization. Comprehensive guideline for prevention and
control of dengue and dengue haemorrhagic fever. https://apps.who.int/iris/
handle/10665/204894. Accessed July 29, 2019.

29. Braack L, de Almeida APG, Cornel AJ, et al. Mosquito-borne arboviruses
of African origin: review of key viruses and vectors. Parasit Vectors
2018;11:29.

30. Brady OJ, Johansson MA, Guerra CA, et al. Modelling adult Aedes aegypti
and Aedes albopictus survival at different temperatures in laboratory and
field settings. Parasit Vectors 2013;6:351.

31. Rückert C, Weger-Lucarelli J, Garcia-Luna SM, et al. Impact of simultaneous
exposure to arboviruses on infection and transmission by Aedes aegypti
mosquitoes. Nat Commun 2017;8:15412.

32. Goindin D, Delannay C, Ramdini C, et al. Parity and longevity of Aedes
aegypti according to temperatures in controlled conditions and consequences
on dengue transmission risks. PLoS One 2015;10:e0135489.

33. TeurlaiM,Menkes CE, Cavarero V, et al. Socio-economic and climate factors
associated with dengue fever spatial heterogeneity: a worked example in New
Caledonia. PLoS Negl Trop Dis 2015;9:e0004211.

34. LaCon G, Morrison AC, Astete H, et al. Shifting patterns of Aedes aegypti
fine scale spatial clustering in Iquitos, Peru. PLoS Negl Trop Dis 2014;8:
e3038.

35. Centers for Disease Control and Prevention. Dengue and the Aedes aegypti
mosquito. https://www.cdc.gov/dengue/resources/30Jan2012/aegyptifactsheet.
pdf. Accessed October 4, 2018.

36. Barrera R, Amador M, Diaz A, et al. Unusual productivity of Aedes aegypti
in septic tanks and its implications for dengue control. Med Vet Entomol
2008;22:62–69.

37. Abilio AP, Abudasse G, Kampango A, et al. Distribution and breeding sites
of Aedes aegypti and Aedes albopictus in 32 urban/peri-urban districts of
Mozambique: implication for assessing the risk of arbovirus outbreaks.
PLoS Negl Trop Dis 2018;12:e0006692.

38. Soghaier MA, Himatt S, Osman KE, et al. Cross-sectional community-based
study of the socio-demographic factors associated with the prevalence
of dengue in the eastern part of Sudan in 2011. BMC Public Health
2015;15:558.

39. Braga C, Luna CF, Martelli CM, et al. Seroprevalence and risk factors for
dengue infection in socio-economically distinct areas of Recife, Brazil.
Acta Trop 2010;113:234–240.

40. Juliano SA, Lounibos LP. Ecology of invasive mosquitoes: effects on
resident species and on human health. Ecol Lett 2005;8:558–574.

41. United Nations. Theworld population prospects: 2015 revision. https://www.
un.org/en/development/desa/publications/world-population-prospects-2015-
revision.html. Published July 29, 2015. Accessed August 3, 2020.

42. McMichael AJ, Woodruff RE, Hales S. Climate change and human health:
present and future risks. Lancet 2006;367:859–869.

43. Messina JP, Brady OJ, Golding N, et al. The current and future global
distribution and population at risk of dengue. Nat Microbiol 2019;4:
1508–1515.
Southern Medical Journal • Volume 113, Number 10, October 2020

Copyright © 2020 The Southern Medical Association. Un
44. Focks DA, Brenner RJ, Hayes J, et al. Transmission thresholds for dengue in
terms of Aedes aegypti pupae per person with discussion of their utility in
source reduction efforts. Am J Trop Med Hyg 2000;62:11–18.

45. Ryan SJ, Carlson CJ, Mordecai EA, et al. Global expansion and redistribution
of Aedes-borne virus transmission risk with climate change. PLoS Negl Trop
Dis 2019;13:e0007213.

46. National Association of County and City Health Officials. Aedes aegypti
and local vector control: mapping out a plan for Zika vector surveillance
and control. http://essentialelements.naccho.org/archives/3405. Accessed
July 30, 2019.

47. Centers for Disease Control and Prevention. Potential range in US: estimated
potential range of Aedes aegypti and Aedes albopictus in the United States,
2017. https://www.cdc.gov/zika/vector/range.html. Accessed July 30, 2019.

48. Weetman D, Kamgang B, Badolo A, et al. Aedes mosquitoes and Aedes-borne
arboviruses in Africa: current and future threats. Int J Environ Res Public
Health 2018;15:220.

49. Centers for Disease Control and Prevention. Dengue vaccine. https://www.
cdc.gov/dengue/prevention/dengue-vaccine.html. Accessed August 8, 2019.

50. World Health Organization. Neglected tropical diseases: integrated vector
management (IVM). https://www.who.int/neglected_diseases/vector_
ecology/ivm_concept/en. Accessed December 9, 2019.

51. Achee NL, Gould F, Perkins TA, et al. A critical assessment of vector control
for dengue prevention. PLoS Negl Trop Dis 2015;9:e0003655.

52. Mains JW, Brelsfoard CL, Rose RI, et al. Female adult Aedes albopictus
suppression byWolbachia-infected male mosquitoes. Sci Rep 2016;6:33846.

53. Barrera R, Amador M, Acevedo V, et al. Use of the CDC autocidal gravid
ovitrap to control and prevent outbreaks of Aedes aegypti (Diptera:
Culicidae). J Med Entomol 2014;51:145–154.

54. Kandel Y, Vulcan J, Rodriguez SD, et al.Widespread insecticide resistance in
Aedes aegypti L. from New Mexico, USA. PloS One 2019;14:e0212693.

55. News CKOM. Regina reducing mosquito control program to save money.
https://www.ckom.com/2020/04/26/regina-reducing-mosquito-control-
program-to-save-money. PublishedApril 26, 2020. Accessed April 29, 2020.

56. Jones TL. Coronavirus shuts down residential mosquito spraying for two
weeks in East Baton Rouge. https://www.theadvocate.com/baton_rouge/
news/coronavirus/article_794e4dba-7042-11ea-9b9a-dbda68edd5a1.
html. Published March 27, 2020. Accessed April 29, 2020.

57. Ghosal A, Milko V. Coronavirus could erode global fight against other
diseases. https://abcnews.go.com/Health/wireStory/coronavirus-erode-
global-fight-diseases-70176539. Published April 16, 2020. Accessed
April 29, 2020.

58. Grenadier A. The impact of COVID-19 on local vector control response.
https://www.naccho.org/blog/articles/the-impact-of-covid-19-on-local-
vector-control-response. Published May 4, 2020. Accessed June 23, 2020.

59. Acosta-Ampudia Y,Monsalve DM, RodríguezY, et al. Mayaro: an emerging
viral threat? Emerg Microbes Infect 2018;7:163.

60. White SK, Lednicky JA,OkechBA, et al. Spondweni virus in field-caught Culex
quinquefasciatus mosquitoes, Haiti, 2016. Emerg Infect Dis 2018;24:1765.

61. Jácome R, Carrasco-Hernández R, Campillo-Balderas JA, et al. A yellow
flag on the horizon: the looming threat of yellow fever to North America.
Int J Infect Dis 2019;87:143–150.
523

authorized reproduction of this article is prohibited.

https://www.cdc.gov/dengue/resources/factSheets/MosquitoLifecycleFINAL.pdf
https://www.cdc.gov/dengue/resources/factSheets/MosquitoLifecycleFINAL.pdf
https://apps.who.int/iris/handle/10665/204894
https://apps.who.int/iris/handle/10665/204894
https://www.cdc.gov/dengue/resources/30Jan2012/aegyptifactsheet.pdf
https://www.cdc.gov/dengue/resources/30Jan2012/aegyptifactsheet.pdf
https://www.un.org/en/development/desa/publications/world-population-prospects-2015-revision.html
https://www.un.org/en/development/desa/publications/world-population-prospects-2015-revision.html
https://www.un.org/en/development/desa/publications/world-population-prospects-2015-revision.html
http://essentialelements.naccho.org/archives/3405
https://www.cdc.gov/zika/vector/range.html
https://www.cdc.gov/dengue/prevention/dengue-vaccine.html
https://www.cdc.gov/dengue/prevention/dengue-vaccine.html
https://www.who.int/neglected_diseases/vector_ecology/ivm_concept/en
https://www.who.int/neglected_diseases/vector_ecology/ivm_concept/en
https://www.ckom.com/2020/04/26/regina-reducing-mosquito-control-program-to-save-money
https://www.ckom.com/2020/04/26/regina-reducing-mosquito-control-program-to-save-money
https://www.theadvocate.com/baton_rouge/news/coronavirus/article_794e4dba-7042-11ea-9b9a-dbda68edd5a1.html
https://www.theadvocate.com/baton_rouge/news/coronavirus/article_794e4dba-7042-11ea-9b9a-dbda68edd5a1.html
https://www.theadvocate.com/baton_rouge/news/coronavirus/article_794e4dba-7042-11ea-9b9a-dbda68edd5a1.html
https://abcnews.go.com/Health/wireStory/coronavirus-erode-global-fight-diseases-70176539
https://abcnews.go.com/Health/wireStory/coronavirus-erode-global-fight-diseases-70176539
https://www.naccho.org/blog/articles/the-impact-of-covid-19-on-local-vector-control-response
https://www.naccho.org/blog/articles/the-impact-of-covid-19-on-local-vector-control-response

