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Arboviruses consist of a diverse family of pathogens that can infect a wide range of animals and humans.

Arboviruses are a diverse family of vector-borne pathogens that include members of the Flaviviridae, Togaviridae,

Phenuviridae, Peribunyaviridae, Reoviridae, Asfarviridae, Rhabdoviridae, Orthomyxoviridae and Poxviridae

families.

isothermal amplification  arboviral diagnostics  point of care

1. Introduction

Arboviral disease in humans can range from asymptomatic to life-threatening conditions, such as hemorrhagic

fevers and encephalitis. Arboviruses are distributed worldwide  with some viruses showing restricted

geographical distribution (Figure 1). However, as a result of environmental destruction, the travel boom,

deforestation, urbanization and failure of vector control programs, arboviruses have expanded into areas not

previously seen . Due to the severity and global distribution of arboviral disease, it is vital to have sensitive and

rapid diagnostics tests available to determine the causative agent responsible for infection and the implementation

of control strategies. Traditionally, serological methods have been the mainstay for the diagnosis of arboviral

disease. Methods such as direct and indirect enzyme-linked immunosorbent assays (ELISAs) and lateral flow

assays (LFAs) have been widely used to diagnose many arboviral diseases, including Zika, dengue, chikungunya

and yellow fever virus. More recently, next-generation sequencing (NGS) approaches have been applied for the

detection of arboviruses, including Western bluetongue virus , chikungunya, Zika , West Nile virus  and, in

some cases, NGS methods, which have been shown to have a sensitivity similar to that of conventional RT-PCR.

Although NGS is well suited for surveillance approaches, these methods are more time consuming and costly, and

they require dedicated equipment and computing networks. They are also unsuitable for routine screening when

compared to traditional methods. RT-PCR assays tend to be carried out at centralized testing facilities due to the

need for thermal cycling systems and related equipment. Advances in molecular biology have led to the discovery

of several isothermal nucleic acid amplification technologies (INAATs) that can amplify nucleic acids at a constant

temperature without the need for expensive thermal cycling equipment. These newer approaches offer the

prospect of decentralizing molecular diagnostic testing and the potential of rapid, cheap point of care (POC)

screening and in-field testing applicable to resource-limited settings.

Over the last 150 years, a number of notable epidemics and pandemics have occurred. The influenza A H1N1

pandemic of 1918–1920 resulted in an estimated 50–100 million deaths, the HIV pandemic beginning in the 1980s

has affected over 40 million people, and the SARS-CoV-1 epidemic of 1983 and the swine flu pandemic starting in
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2009 have caused significant morbidity and mortality. The Ebola outbreaks of 2014–2016 resulted in over 11,000

fatalities, and the Zika outbreaks in 2015–2016 caused a substantial burden of disease globally . Finally, the

SARS-CoV-2 pandemic beginning in 2019 has infected nearly 700 million individuals, resulting in nearly 7 million

deaths. These outbreaks highlight the importance of novel diagnostics and POC devices that can detect infectious

agents in an accurate and timely manner as they arise.

Arboviruses will continue to emerge and re-emerge over time, a notable example being Zika virus which, until

recent epidemics, was considered a virus that caused relatively mild infection in humans, but it has since been

shown to cause microcephaly and Guillain–Barré syndrome . It has been suggested that one of the more obscure

viruses of the Flaviviridae family, such as Spondweni virus (SPOV), Usutu virus (USUV), Ilheus virus (ILHV), Rocio

virus (ROCV) and Wesselsbron virus (WSLV), or one of the tick-borne family of flaviviruses could emerge into the

human population and cause significant health concerns . Rift Valley fever virus (RVFV) may be one of the next

Phleboviruses to emerge as an important human threat due to its continued geographical spread . Alphaviruses

such as Mayaro virus (MAYV), which is native to the Americas, may over time adapt to different mosquito

populations, such as Aedes, and emerge as a more significant human pathogen . Many arboviruses are found in

resource-limited settings that in some cases have inadequate infrastructure for diagnostic testing, emphasizing the

importance of inexpensive, rapid and sensitive POC tests that can be used for field deployment.

Figure 1. The global distribution of a number of important arboviruses (this map was prepared using information in

Socha et al.  and references  using the free

web-based MapChart software). Table legend abbreviations: tick-borne encephalitis virus (TBEV; West Nile virus

(WNV); Japanese encephalitis virus (JEV); Zika Virus (ZIKV); dengue virus (DENV); Rift Valley fever virus (RVFV);

Ross River virus (RRV); and chikungunya (CHIKV).
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2. Arbovirus Disease in Humans and Animals

Arboviruses consist of a diverse family of pathogens that can infect a wide range of animals and humans.

Arboviruses are predominantly positive or negative single-stranded or double-stranded RNA containing viruses

from the Flaviviridae, Togaviridae, Phenuviridae, Peribunyaviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae

and Gammaentomopoxvirus families. The only significant DNA-containing virus is the African swine fever virus that

belongs to the Asfarviridae family. The 1992 International Catalogue of Arboviruses registered 535 species of virus

belonging to 14 families; however, this number is continually increasing due to improvements in isolation and

molecular methods for virus discovery and surveillance .

Arboviruses must infect their insect vector prior to transmission to a susceptible host . Arboviruses are generally

spread as a result of a bite from infected mosquitoes, ticks or other biting flies. Arboviruses circulate among wild

animals and birds and are then transmitted as a spill over to humans and domestic animals, which are dead end

hosts . Humans and animals infected with arboviruses can display a wide range of symptoms from

asymptomatic to life-threatening conditions, such as hemorrhagic fevers and encephalitis, which can often result in

long-term complications .

A significant number of arboviruses cause human disease and the morbidity and mortality associated with infection

cause a substantial social and economic burden when outbreaks occur. Table 1 illustrates a number of arboviruses

capable of causing disease in humans. These viruses are distributed on a global scale with some viruses restricted

to specific geographical locations corresponding to the distribution of their insect vectors. Mosquitoes are

responsible for the transmission of many emerging and re-emerging arboviruses, including the four serogroups of

dengue, chikungunya, yellow fever and Zika viruses . These viruses cause a severe burden of disease, with up

to 400 million infections and 100 million clinical cases of dengue recorded in 2010 .

Table 1. The table shows a number of important human arboviruses.
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Virus Family/Order Vector Symptoms Reference

Zika virus
(ZIKV)

Flaviviridae Aedes
mosquitoes

Fever, conjunctivitis, joint pain,
headache, maculopapular rash,

microcephaly, Guillain–Barré
syndrome.

Yellow fever
virus
(YFV)

Flaviviridae Aedes
mosquitoes

Jaundice, liver damage,
gastrointestinal bleeding,

recurring fever.

Dengue
Virus

(DENV)
Flaviviridae Aedes

mosquitoes

Fever, headache, nausea,
muscle and joint pain, skin rash,
hypovolemic shock, hemorrhage.

West Nile
virus

(WNV)

Flaviviridae Culex
mosquitoes

Fever, headache, nausea,
vomiting, swollen lymph nodes,

meningitis,
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Virus Family/Order Vector Symptoms Reference
encephalitis, acute flaccid

paralysis.

Japanese
encephalitis

virus
(JEV)

Flaviviridae Culex
mosquitoes

Mild flu-like symptoms,
encephalitis, seizures, paralysis,

coma and long-term brain
damage.

Tick-borne
encephalitis

virus
(TBEV)

Flaviviridae
Ixodes ticks,

Dermacentor and
Haemaphysalis

Mild meningitis to severe
meningoencephalitis with or

without paralysis and long-term
brain damage

damage.

Omsk
hemorrhagic
fever virus

(OHFV)

Flaviviridae Dermacentor
ticks

Fever, headache, nausea,
muscle pain, cough and

hemorrhages.

Saint Louis
encephalitis

virus
(SLEV)

Flaviviridae Culex
mosquitoes

Headache, sensory depression,
temporal–spatial disorientation,

tremors and changes in
consciousness.

Kyasanur
Forest disease

virus
(KFDV)

Flaviviridae Haemaphysalis
spinigera

Fever with hemorrhagic and/or
neurological features in 20% of

patients.

Chikungunya
virus

(CHIKV)
Togaviridae Aedes

mosquitoes

Fever frequently associated with
joint pain, polyarthralgia and
arthritis, rash, myalgia and

headache.

O’nyong nyong
virus

(ONNV)
Togaviridae Anophles

mosquitoes

Low-grade fever, symmetrical
polyarthralgia, lymphadenopathy,

generalized papular or
maculopapular exanthema and

joint pain.

Ross river
virus

(RRV)
Togaviridae Culex and Aedes

mosquitoes
Arthritis, rash, fever, fatigue and

myalgia.

Eastern
equine

encephalitis
virus

(EEEV)

Togaviridae Culiseta
mosquitoes

Fever, chills, vomiting,
myalgia, arthralgia, malaise and

encephalitis.
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Virus Family/Order Vector Symptoms Reference

Western
equine

encephalitis
virus

(WEEV)

Togaviridae
Aedes, Culex and

Culiseta
mosquitoes

Fever, chills, headache, aseptic
meningitis and
encephalitis.

Venezuelan
equine

encephalitis
virus

(VEEV)

Togaviridae Culex
mosquitoes

Fever, chills, malaise, severe
headache, myalgia, seizures,

drowsiness, confusion and
photophobia.

Barmah Forest
virus
(BFV)

Togaviridae Culex and Aedes
mosquitoes

Asymptomatic to relatively mild
symptomatic presentations, such
as fever and rash; in more severe

diseases,
polyarthralgia or arthritis.

Thogoto virus
(THOV)

Orthomyxoviridae
Haemaphysalis

and Amblyomma
ticks

Benign febrile symptoms to
meningoencephalitis.

Rift Valley fever
virus

(RVFV)
Bunyvirales Culex and Aedes

mosquitoes

Fever, headache, backache,
vertigo, anorexia,

photophobia, hepatitis, jaundice,
hemorrhagic disease and

ocular complications

Ngari virus
(NRIV)

Bunyvirales
Aedes, Culex and

Anopheles
mosquitoes

Fever, joint pain, rash, can induce
severe and fatal hemorrhagic

fever

Severe fever with
thrombocytopenia

syndrome
virus

(SFTSV)

Bunyvirales

Haemophysalis
Amblyomma,
Ixodes and

Rhipicephalus
ticks

High fever, gastrointestinal
symptoms, thrombocytopenia,
leukopenia and multiple organ

failure

Crimean–Congo
hemorrhagic
fever virus
(CCHFV)

Bunyvirales

Hyalomma,
Rhipicephalus

and Dermacentor
ticks

Non-specific febrile illness,
sudden onset of fever, myalgia,
diarrhea, nausea and vomiting,
hemorrhages at various sites

around the body.

Jamestown Canyon
virus
(JCV)

Bunyvirales

Aedes,
Coquillettidia,

Culex
mosquitoes

Non-specific febrile illness,
meningitis or

meningoencephalitis

La Crosse
encephalitis virus

Bunyvirales Aedes
mosquitoes

Fever, headache, myalgia,
malaise and occasional

[23]

[24]

[25]

[26]

[27][28]

[28]

[29]

[30]

[31]

[32]



Arbovirus Disease in Humans and Animals | Encyclopedia.pub

https://encyclopedia.pub/entry/45089 6/8

1. Socha, W.; Kwasnik, M.; Larska, M.; Rola, J.; Rozek, W. Vector-Borne Viral Diseases as a
Current Threat for Human and Animal Health—One Health Perspective. J. Clin. Med. 2022, 11,
3026.

2. Souza, J.H.M.; Barros, T.B.; Almeida, P.P.; Vieira, S.C.; Melo, F.F.; Silva, R.A.; Tomazi, L.
Dynamics of Transmission of Urban Arbovirus Dengue, Zika and Chikungunya in Southwestern
Region of Bahia, Brazil. An. Acad. Bras. Ciênc. 2021, 93, e20200670.

3. Cappai, S.; Rolesu, S.; Loi, F.; Liciardi, M.; Leone, A.; Marcacci, M.; Teodori, L.; Mangone, I.;
Sghaier, S.; Portanti, O.; et al. Western Bluetongue virus serotype 3 in Sardinia, diagnosis and
characterization. Transbound. Emerg. Dis. 2019, 66, 1426–1431.

4. Sardi, S.I.; Somasekar, S.; Naccache, S.N.; Bandeira, A.C.; Tauro, L.B.; Campos, G.S.; Chiu, C.Y.
Coinfections of Zika and Chikungunya Viruses in Bahia, Brazil, Identified by Metagenomic Next-
Generation Sequencing. J. Clin. Microbiol. 2016, 54, 2348–2353.

5. Wilson, M.R.; Zimmermann, L.L.; Crawford, E.D.; Sample, H.A.; Soni, P.R.; Baker, A.N.; Khan,
L.M.; De Risi, J.L. Acute West Nile Virus Meningoencephalitis Diagnosed Via Metagenomic Deep
Sequencing of Cerebrospinal Fluid in a Renal Transplant Patient. Am. J. Transplant. 2017, 17,
803–808.

6. Huremović, D. Brief History of Pandemics (Pandemics Throughout History). In Psychiatry of
Pandemics; Springer: Cham, Switzerland, 2019; pp. 7–35.

7. Pierson, T.C.; Diamond, M.S. The continued threat of emerging flaviviruses. Nat. Microbiol. 2020,
5, 796–812.

8. Liang, G.; Gao, X.; Gould, E.A. Factors responsible for the emergence of arboviruses; strategies,
challenges and limitations for their control. Emerg. Microbes Infect. 2015, 4, e18.

9. De Figueiredo, M.L.G.; Figueiredo, L.T.M. Emerging alphaviruses in the Americas: Chikungunya
and Mayaro. Rev. Soc. Bras. Med. Trop. 2014, 47, 677–683.

10. Plourde, A.R.; Bloch, E.M. A Literature Review of Zika Virus. Emerg. Infect. Dis. 2016, 22, 1185–
1192.

11. Waggoner, J.J.; Rojas, A.; Pinsky, B.A. Yellow Fever Virus: Diagnostics for a Persistent Arboviral
Threat. J. Clin. Microbiol. 2018, 56, e00827-18.

12. Harapan, H.; Michie, A.; Sasmono, R.T.; Imrie, A. Dengue: A Minireview. Viruses 2020, 12, 829.

13. Rossi, S.L.; Ross, T.M.; Evans, J.D. West Nile Virus. Clin. Lab. Med. 2010, 30, 47–65.

14. Mulvey, P.; Duong, V.; Boyer, S.; Burgess, G.; Williams, D.T.; Dussart, P.; Horwood, P.F. The
Ecology and Evolution of Japanese Encephalitis Virus. Pathogens 2021, 10, 1534.

Virus Family/Order Vector Symptoms Reference
(LACV) prostration, encephalitis and

lifelong sequelae.

Oropouche
Virus

(OROV)
Bunyvirales

Culicoides and
Culex

mosquitoes

Acute febrile illness, myalgia,
arthralgia, dizziness,

photophobia, rash, nausea,
vomiting, diarrhea, conjunctive

congestion
and meningitis.

[33]



Arbovirus Disease in Humans and Animals | Encyclopedia.pub

https://encyclopedia.pub/entry/45089 7/8

15. Bogovic, P.; Strle, F. Tick-borne encephalitis: A review of epidemiology, clinical characteristics,
and management. World J. Clin. Cases 2015, 3, 430–441.

16. Wagner, E.; Shin, A.; Tukhanova, N.; Turebekov, N.; Nurmakhanov, T.; Sutyagin, V.; Berdibekov,
A.; Maikanov, N.; Lezdinsh, I.; Shapiyeva, Z.; et al. First Indications of Omsk Haemorrhagic Fever
Virus beyond Russia. Viruses 2022, 14, 754.

17. Diaz, A.; Coffey, L.L.; Burkett-Cadena, N.; Day, J.F. Reemergence of St. Louis Encephalitis Virus
in the Americas. Emerg. Infect. Dis. 2018, 24, 2150–2157.

18. Mourya, D.; Munivenkatappa, A.; Sahay, R.; Yadav, P.; Viswanathan, R. Clinical & epidemiological
significance of Kyasanur forest disease. Indian J. Med. Res. 2018, 148, 145–150.

19. Cavalcanti, T.Y.V.d.L.; Pereira, M.R.; de Paula, S.O.; Franca, R.F.D.O. A Review on Chikungunya
Virus Epidemiology, Pathogenesis and Current Vaccine Development. Viruses 2022, 14, 969.

20. LaBeaud, A.D.; Banda, T.; Brichard, J.; Muchiri, E.M.; Mungai, P.L.; Mutuku, F.M.; Borland, E.;
Gildengorin, G.; Pfeil, S.; Teng, C.Y.; et al. High Rates of O’Nyong Nyong and Chikungunya Virus
Transmission in Coastal Kenya. PLoS Negl. Trop. Dis. 2015, 9, e0003436, Erratum in PLoS Negl.
Trop. Dis. 2015, 9, e0003674.

21. Qian, W.; Hurst, C.; Glass, K.; Harley, D.; Viennet, E. Spatial and Temporal Patterns of Ross River
Virus in Queensland, 2001–2020. Trop. Med. Infect. Dis. 2021, 6, 145.

22. Corrin, T.; Ackford, R.; Mascarenhas, M.; Greig, J.; Waddell, L.A. Eastern Equine Encephalitis
Virus: A Scoping Review of the Global Evidence. Vector-Borne Zoonotic Dis. 2021, 21, 305–320.

23. Calisher, C.H. Medically important arboviruses of the United States and Canada. Clin. Microbiol.
Rev. 1994, 7, 89–116.

24. Guzmán-Terán, C.; Calderón-Rangel, A.; Rodriguez-Morales, A.; Mattar, S. Venezuelan equine
encephalitis virus: The problem is not over for tropical America. Ann. Clin. Microbiol. Antimicrob.
2020, 19, 19.

25. Madzokere, E.T.; Qian, W.; Webster, J.A.; Walker, D.M.H.; Lim, E.X.Y.; Harley, D.; Herrero, L.J.
Human Seroprevalence for Dengue, Ross River, and Barmah Forest viruses in Australia and the
Pacific: A systematic review spanning seven decades. PLoS Negl. Trop. Dis. 2022, 16, e0010314.

26. Lledó, L.; Giménez-Pardo, C.; Gegúndez, M.I. Epidemiological Study of Thogoto and Dhori Virus
Infection in People Bitten by Ticks, and in Sheep, in an Area of Northern Spain. Int. J. Environ.
Res. Public Health 2020, 17, 2254.

27. Hartman, A. Rift Valley Fever. Clin. Lab. Med. 2017, 37, 285–301.

28. Omoga, D.C.A.; Tchouassi, D.P.; Venter, M.; Ogola, E.O.; Eibner, G.J.; Kopp, A.; Slothouwer, I.;
Torto, B.; Junglen, S.; Sang, R. Circulation of Ngari Virus in Livestock, Kenya. Msphere 2022, 7,
e0041622.



Arbovirus Disease in Humans and Animals | Encyclopedia.pub

https://encyclopedia.pub/entry/45089 8/8

29. Seo, J.-W.; Kim, D.; Yun, N.; Kim, D.-M. Clinical Update of Severe Fever with Thrombocytopenia
Syndrome. Viruses 2021, 13, 1213.

30. Hawman, D.W.; Feldmann, H. Recent advances in understanding Crimean–Congo hemorrhagic
fever virus. F1000Research 2018, 7, 1715.

31. Centers for Disease Control and Prevention (CDC). Human Jamestown canyon virus infection—
Montana, 2009. MMWR Morb. Mortal. Wkly. Rep. 2011, 60, 652–655.

32. Harding, S.; Greig, J.; Mascarenhas, M.; Young, I.; Waddell, L.A. La Crosse virus: A scoping
review of the global evidence. Epidemiol. Infect. 2018, 147, E66.

33. Da Rosa, J.F.T.; De Souza, W.M.; De Paula Pinheiro, F.; Figueiredo, M.L.; Cardoso, J.F.; Acrani,
G.O.; Nunes, M.R.T. Oropouche Virus: Clinical, Epidemiological, and Molecular Aspects of a
Neglected Orthobunyavirus. Am. J. Trop. Med. Hyg. 2017, 96, 1019–1030.

34. Karabatsos, N. International Catalogue of Arthropod-Borne Viruses, 3rd ed.; American Society for
Tropical Medicine and Hygiene: San Antonio, TX, USA, 1985.

35. Madewell, Z.J. Arboviruses and Their Vectors. South. Med. J. 2020, 113, 520–523.

36. Beckham, J.D.; Tyler, K.L. Arbovirus Infections. Continuum 2015, 21, 1599–1611.

37. Lwande, O.W.; Obanda, V.; Lindström, A.; Ahlm, C.; Evander, M.; Näslund, J.; Bucht, G. Globe-
Trotting Aedes aegypti and Aedes albopictus: Risk Factors for Arbovirus Pandemics. Vector-
Borne Zoonotic Dis. 2020, 20, 71–81.

38. Dengue 2015 Case Definition. Available online: https://ndc.services.cdc.gov/case-
definitions/dengue-2015/ (accessed on 14 April 2023).

Retrieved from https://encyclopedia.pub/entry/history/show/102710


