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Overlapping clinical signs and lesions make it challenging to distinguish between epizootic hemorrhagic disease (EHD)

and Bluetongue (BT) affecting wild ruminants in the USA. Therefore, the syndrome caused by EHD and BT viruses is

referred to as Hemorrhagic Disease (HD).
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1. Introduction

Bluetongue disease (BT) and epizootic hemorrhagic disease (EHD) are vector-borne viral diseases caused by closely

related orbiviruses (Family Reoviridae) that affect domestic and wild ruminants and are transmitted by insect vectors of

the genus Culicoides . Culicoides biting midges are hematophagous flies that inflict painful bites on animals and

humans. Although Culicoides can be significant pests of humans, no pathogens are known to be transmitted to humans

by Culicoides midges in the USA. However, multiple vector-borne diseases that affect mammal species and birds occur in

the USA .

Because ruminant livestock is notably affected by BTV, while EHDV primarily impacts ruminant wildlife—in particular

white-tailed deer (Odocoileus virginianus)—, BTV has been known longer than EHDV . Bluetongue disease was first

recognized in the 17th century when European sheep were introduced in South Africa . However, recent phylodynamic

models suggest that BTV has circulated among ruminant populations for more than 1000 years .

Both BTV and EHDV are closely related and genetically diverse, with multiple serotypes and distinct strains .

Epidemiological differences between these two related, but different viruses, are due to the geographic distribution of the

virus serotypes and differences in the distribution of ruminant hosts and Culicoides spp. Worldwide, there are currently

seven EHDV serotypes (EHDV-1,2, and 4 to 8) and 27 BTV serotypes (BTV-1 to 27) , although the number of

BTV serotypes may increase as putative new BTV serotypes and strains have been described (e.g., BTV-36-CH2019 and

a vaccine-derived putative BTV-28 strain) . While vector/host interactions are impacted by climate and habitat

suitability, our understanding of the proportion of wild ruminants affected by BTV or EHDV in the USA is also limited to

mostly syndromic based reporting of hemorrhagic disease rather than virus isolation in a targeted population . Similar

knowledge gaps exist in the USA regarding the insect vectors’ geographic distribution and which Culicoides spp. are

competent vectors; thus, the variation in vector susceptibility to serotypes and variations in their Orbivirus vector capacity

is not well investigated. As such, there are remaining unknowns related to our understanding of the virus, vector, and host

dynamics for BT and EHD .

Both BT and EHD are listed in the USA’s National List of Reportable Animal Diseases and the OIE list of notifiable

terrestrial and aquatic animal diseases . They have a negative impact not only on the local economies of regions

and countries but also on the ecology and health of threatened or endangered wild ruminant populations . The

potential to identify the viruses responsible for EHD/BT outbreaks depends on understanding when and where ruminants

are at risk of exposure to the different Culicoides midges that participate in the transmission of their viruses .

 

2. Animal Health Impact of BT and EHD

To date, seven serotypes for EHDV and 27 serotypes for BTV have been confirmed  including two

genetically distinct BTVs identified from healthy goats in Italy (X ITL2015)  and goats and sheep in China (XJ1407) .

There are genetically different strains of the virus throughout the world, and the field strains may differ on phenotypic

properties like virulence and transmission potential . Mutation (a change in DNA sequence) and reassortment (the

genetic recombination between different virus serotypes/ strains co-infecting a host cell) of RNA viruses contribute to the

genetic diversity among field strains, changing transmissibility, pathogenicity, and causing altered virulence in susceptible

ruminant hosts .
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Moreover, the diversity of EHDV/BTV is associated with the reassortment of segments of the viral gene during the co-

infections (with more than one virus strain) in either ruminant or vector host cells that lead to genetic change .

Furthermore, the appearance of antigenically new viruses or genetic variants through mutations in either insect or animal

hosts can develop due to genetic drift (mutation of individual genes) during virus replication . Worldwide, the evolution

of different field strains is driven by genetic drift, genetic reassortment between viruses within each genus or serogroup,

intragenic recombination, and the selective evolutionary pressure to establish genetically distinct virus strains in diverse

epidemiological systems .

For livestock, mortality rates for BT and EHD may range between 0–100% depending on the ruminant host and prior

infection, affecting the regions and countries’ economies depending on the severity of the outbreak . However,

morbidity cost is related to the care for sick animals (e.g., veterinary cost and animal support) and reduced productivity of

affected animals in livestock operations (e.g., weight loss, reduced milk yield, and abortion).

There is no cure or treatment for BTV and EHDV; therefore, the goal of BT and EHD management is to prevent virus

spread into unaffected areas and clinical disease in ruminant hosts . For example, BT has been listed as a notifiable

animal disease by the Office of International Epizootics . Restrictions in the trading and movement from enzootic

regions of livestock and their products—including those that could be vertically transmitted, such as fetal bovine serum

and fetal tissue—are suggested to avoid introducing the viruses to new places .

 

3. Prevalence and Distribution of BT and EHD in the USA

Historically, EHDV/BTV has occurred in the southeastern, central, and western USA. However, during the last 20 years,

these viruses have spread northward within the USA territories, with cases reported across the upper Midwest and the

northeastern USA . The distribution of EHD/BT depends on the occurrence of competent Culicoides vector species.

The home range of Culicoides midges was historically maintained between latitude 35° S and 40° N , however,

changes in the global range of vectors and distribution of BT and EHD have shown a northward expansion where the

diseases are maintained between latitudes 35° S and 50° N .

Wittmann et al. (2002) found that increasing temperatures reduced the extrinsic incubation period for both BTV and

EHDV, which can, in turn, facilitate the transmission of orbiviruses; although, rising temperatures also reduce vector

survival . In addition, differences in vector competence between EHDV and BTV were described as higher

temperatures (e.g., 27–30 °C) increase vector competence for EHDV (serotype 1) but not for BTV (serotypes 10 and 16)

. When temperature and humidity were evaluated together, both high humidity/temperature and low

humidity/temperature were detrimental for vector longevity .

While C. sonorensis and C. insignis are confirmed competent vectors for EHDV/BTV in the USA, there is strong evidence

that suggests that other species can be involved in the transmission of EHDV/BTV viruses. However, in order to elevate

other Culicoides spp. to confirmed vectors, a set of criteria needs to be fulfilled. There are four criteria defined by the

World Health Organization (WHO 1967)  that are used as guidelines for incriminating an insect as a vector of a disease

agent or pathogen: (1) repeated recovery of the pathogen from blood free, wild-caught insects; (2) demonstration in a

control environment that the insect can become infected via a blood meal from a viremic vertebrate host or an artificial

substitute; (3) demonstrate the transmission of the pathogen to a susceptible vertebrate host after the bite of an infected

insect vector; and (4) demonstration on the field of the contact of the insect vector and susceptible vertebrate host

populations . In North America, C. sonorensis has been reported as the primary vector of EHDV and BTV, as studies

have demonstrated its implication as a vector in the field (via isolation of the pathogen from field-collected vectors and

demonstrated contact between vector-ruminant host) and the laboratory (by the demonstration of vector infection after a

blood meal from an infected host and subsequent transmission of the pathogen to a susceptible host) . Moreover, C.
sonorensis complies with the four criteria that demonstrate its status as the primary insect vector for BTV/EHDV in the

USA.

Vector competence studies are essential to establish the presence of primary vectors (critical to maintenance of the

viruses in the host population) and secondary vectors (candidate vectors that may contribute to virus dissemination,

helping to explain changes in distribution/geographic expansion of BT and EHD). Based on the four guidelines defined by

WHO, vector competence—the capability of an insect vector species to become infected after a blood meal from a

viremic/infected vertebrate host—can be estimated by using the vector implication criteria 2 and 3 of the of the World

Health Organization . In search of other potential Culicoides vectors, accurate verification of ruminant host–Culicoides
vector contact and subsequent blood meal analysis of the vector is needed. For example, C. debilipalpis (formerly C.
lahillei) are considered candidate vectors for EHDV as laboratory studies have demonstrated that they can become

infected after a blood meal and do come in contact with susceptible host ruminants in the field . Furthermore,

laboratory studies have shown that C. venustus can get infected with the pathogen after a blood meal, while isolates of

the pathogen from blood-free field-collected C. mohave have also been reported . Other Culicoides species regarded
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as potential vectors in Florida include C. stellifer, C. debilipalpis, C. venustus, C. pallidicornis, and C. biguttatus, as these

species have been demonstrated to come into contact with susceptible ruminant species in the field . However, all four

criteria from the World Health Organization need to be met to elevate vector species to competent vectors of BTV and

EHDV.

 

4. Conclusions

Current and accurate information on when and where animals are at risk of exposure to EHD/BT viruses helps target

research efforts toward understanding different determinants of serotype occurrence in several USA regions. It also offers

the opportunity to evaluate virus, vector, host, and environmental condition that allows different EHDV or BTV serotypes to

become established in a geographic region. In addition, advances in the pathogenesis of the viruses, immune response in

the host, vector competence, impact of weather, and changes in habitats on the vectors’ survival may influence the

epidemiology of EHDV and BTV. Over time, these advances may contribute to the development of mechanisms to

manage disease outbreaks. The disease distribution maps have been generated based on agency reports and previous

peer-reviewed literature. However, the lack of ongoing and systematic BTV and EHDV surveillance efforts and the limited

understanding of which Culicoides serve as competent vectors makes it challenging to develop accurate distribution and

risk-associated maps. A systematic sustained, and comprehensive disease-virus-vector surveillance program for EHDV

and BTV in wildlife and livestock would help to fill in research gaps.

All in all, national Culicoides and EHDV/BTV surveillance efforts can improve our understanding of geographic variation in

risk factors for EHDV/BTV, and efforts to build such a program have increased in recent years. Nonetheless, the

sustainability of BTV, EHDV, and Culicoides midge surveillance programs depends on improving their financial/fiscal

support and coordination and efficiency to render them cost-effective. In addition, the final results of implementing

systematic animal and vector surveillance can provide the necessary data for more extensive coordination among local,

state, federal agencies and universities as well as agricultural agencies involved in assessing animal diseases and animal

well-being.

References

1. Thomas, F.C.; Willis, N.; Ruckerbaker, G. Identification of the viruses involved in the 1971 outbreak of hemorrhagic
disease in southeastern United States white- tailed deer. J. Wildl. Dis. 1974, 10, 187–189.

2. Gibbs, E.P.J.; Greiner, E.C. Bluetongue and epizootic hemorrhagic disease. In The Arboviruses: Epidemiology and
Ecology; Monath, T.P., Ed.; CRC: Boca Raton, FL, USA, 1989; Volume 2, pp. 39–70.

3. Annetti, K.L.; Rivera, N.A.; Andrews, J.E.; Mateus-Pinilla, N. Survey of haemosporidian parasites in resident and
migrant game birds of Illinois. J. Fish Wildl. Manag. 2017, 8, 661–668.

4. Sick, F.; Beer, M.; Kampen, H.; Wernike, K. Culicoides biting midges—Underestimated vectors for arboviruses of public
health and veterinary importance. Viruses 2019, 11, 376.

5. Maclachlan, N.J.; Zientara, S.; Wilson, W.C.; Richt, J.A.; Savini, G. Bluetongue and epizootic hemorrhagic disease
viruses: Recent developments with these globally re-emerging arboviral infections of ruminants. Curr. Opin. Virol. 2019,
34, 56–62.

6. Alexander, K.A.; Holekamp, K.; MacLachlan, N.J.; Frank, L.G.; Sawyer, M.; Osburn, B.I.; Mills, M.G.L.; Lerche, N.W.;
Laurenson, M.K.; McNutt, J.W.; et al. Evidence of natural bluetongue virus infection among African carnivores. Am. J.
Top Med. Hyg. 1994, 51, 568–576.

7. Alkhamis, M.A.; Aguilar-Vega, C.; Fountain-Jones, N.M.; Lin, K.; Perez, A.M.; Sánchez-Vizcaíno, J.M. Global
emergence and evolutionary dynamics of bluetongue virus. Sci. Rep. 2020, 10, 21677.

8. Balasuriya, U.B.; Nadler, S.A.; Wilson, W.C.; Pritchard, L.I.; Smythe, A.B.; Savini, G.; Monaco, F.; De Santis, P.; Zhang,
N.; Tabachnick, W.J.; et al. The NS3 proteins of global strains of bluetongue virus evolve into regional topotypes
through negative (purifying) selection. Vet. Microbiol. 2008, 126, 91–100.

9. Nomikou, K.; Hughes, J.; Wash, R.; Kellam, P.; Breard, E.; Zientara, S.; Palmarini, M.; Biek, R.; Mertens, P.P.C.
Widespread reassortment shapes the evolution and epidemiology of bluetongue virus following European invasion.
PLoS Pathog. 2015, 11, e1005056.

10. Wilson, W.C.; Gaudreault, N.N.; Jasperson, D.C.; Johnson, D.J.; Ostlund, E.N.; Chase, C.L.; Ruder, M.G.; Stallknecht,
D.E. Molecular evolution of American field strains of Bluetongue and Epizootic haemorrhagic disease viruses. Vet. Ital.
2015, 51, 269–273.

11. Wilson, W.C.; Ruder, M.G.; Jasperson, D.; Smith, T.P.; Naraghi-Arani, P.; Lenhoff, R.; Stallknecht, D.E.; Valdiva-
Granda, W.A.; Sheoran, D. Molecular evolution of epizootic hemorrhagic disease viruses in North America based on
historical isolates using motif fingerprints. Virus Genes 2016, 52, 495–508.

[46]



12. Schulz, C.; Bréard, E.; Sailleau, C.; Jenckel, M.; Viarouge, C.; Vitour, D.; Palmarini, M.; Gallois, M.; Höper, D.;
Hoffmann, B.; et al. Bluetongue virus serotype 27: Detection and characterization of two novel variants in Corsica,
France. J. Gen. Virol. 2016, 97, 2073–2083.

13. Mayo, C.; McDermott, E.; Kopanke, J.; Stenglein, M.; Lee, J.; Mathiason, C.; Carpenter, M.; Reed, K.; Perkins, T.A.
Ecological dynamics impacting bluetongue virus transmission in North America. Front. Vet. Sci. 2020, 7, 186.

14. Belbis, G.; Zientara, S.; Bre´ard, E.; Sailleau, C.; Caignard, G.; Vitour, D.; Attoui, H. Bluetongue virus: From BTV-1 to
BTV-27. In Advances in Virus Research; Beer, M., Hoper, D., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp.
161–197.

15. Bumbarov, V.; Golender, N.; Jenckel, M.; Wernike, K.; Beer, M.; Khinich, E.; Zalesky, O.; Erster, O. Characterization of
bluetongue virus serotype 28. Transbound. Emerg. Dis. 2020, 67, 171–182.

16. Ries, C.; Vögtlin, A.; Hüssy, D.; Jandt, T.; Gobet, H.; Hilbe, M.; Burgener, C.; Schweizer, L.; Häfliger-Speiser, S.; Beer,
M.; et al. Putative Novel Atypical BTV Serotype ‘36’Identified in Small Ruminants in Switzerland. Viruses 2021, 13, 721.

17. Stallknecht, D. Working Together: The 40th Anniversary of the National Hemorrhagic Disease Survey. In SCWDS
BRIEFS; The University of Georgia: Athens, GA, USA, 2020; Volume 36, pp. 1–3. Available online:
https://vet.uga.edu/wp-content/uploads/2020/11/2020-October-SCWDS-Briefs-Newsletter.pdf (accessed on 20 July
2021).

18. Ruder, M.G.; Johnson, D.; Ostlund, E.; Allison, A.B.; Kienzle, C.; Phillips, J.E.; Poulson, R.L.; Stallknecht, D.E. The first
10 years (2006–2015) of epizootic hemorrhagic disease virus serotype 6 in the USA. J. Wildl. Dis. 2017, 53, 901–905.

19. Stallknecht, D.E.; Allison, A.B.; Park, A.W.; Phillips, J.E.; Goekjian, V.H.; Nettles, V.F.; Fischer, J.R. Apparent increase
of reported hemorrhagic disease in the midwestern and northeastern USA. J. Wildl. Dis. 2015, 51, 348–361.

20. USDA. Reportable Diseases in the United States—2018 Annual Report. Available online:
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_nahss/status-reportable-
disease-us (accessed on 20 July 2021).

21. More, S.; Bicout, D.; Bøtner, A.; Butterworth, A.; Depner, K.; Edwards, S.; Garin-Bastuji, B.; Good, M.; Gortázar
Schmidt, C.; Michel, V. Assessment of listing and categorisation of animal diseases within the framework of the Animal
Health Law (Regulation (EU) No 2016/429): Bluetongue. EFSA J. 2017, 15, 8.

22. Orange, J.P.; Dinh, E.T.N.; Goodfriend, O.; Citino, S.B.; Wisely, S.M.; Blackburn, J.K. Evidence of Epizootic
Hemorrhagic Disease Virus and Bluetongue Virus Exposure in Nonnative Ruminant Species in Northern Florida. J. Zoo
Wildl. Med. 2020, 51, 745–751.

23. Favero, C.M.; Matos, A.C.D.; Campos, F.S.; Cândido, M.V.; Costa, É.A.; Heinemann, M.B.; Barbosa-Stancioli, E.F.;
Lobato, Z.I.P. Epizootic Hemorrhagic Disease in Brocket Deer, Brazil. Emerg. Infect. Dis. 2013, 19, 346–348.

24. Schwartz-Cornil, I.; Mertens, P.; Contreras, V.; Hemati, B.; Pascale, F.; Bréard, E.; Mellor, P.; Maclachlan, N.; Zientara,
S. Bluetongue virus: Virology, pathogenesis and immunity. Vet. Res. 2008, 39, 16.

25. Mullens, B.A.; Dada, C.E. Spatial and seasonal distribution of potential vectors of hemorrhagic disease viruses to
peninsular bighorn sheep in the Santa Rosa mountains of southern California. J. Wildl. Dis. 1992, 28, 192–205.

26. Pullinger, G.D.; Busquets, M.G.; Nomikou, K.; Boyce, M.; Attoui, H.; Mertens, P.P. Identification of the Genome
Segments of Bluetongue Virus Serotype 26 (Isolate KUW2010/02) that Restrict Replication in a Culicoides sonorensis
Cell Line (KC Cells). PLoS ONE 2016, 11, e0149709.

27. Chaignat, V.; Worwa, G.; Scherrer, N.; Hilbe, M.; Ehrensperger, F.; Batten, C.; Cortyen, M.; Hofmann, M.; Thuer, B.
Toggenburg Orbivirus, a new bluetongue virus: Initial detection, first observations in field and experimental infection of
goats and sheep. Vet. Microbiol. 2009, 138, 11–19.

28. Howell, P.G.; Kumm, N.A.; Botha, M.J. The application of improved techniques to the identification of strains of
bluetongue virus. Onderstepoort. J. Vet. Res. 1970, 37, 59–66.

29. Maan, S.; Maan, N.S.; Nomikou, K.; Batten, C.; Antony, F.; Belaganahalli, M.N.; Samy, A.M.; Reda, A.A.; Al-Rashid,
S.A.; El, B.M.; et al. Novel bluetongue virus serotype from Kuwait. Emerg. Infect. Dis. 2011, 17, 886–889.

30. Savini, G.; Puggioni, G.; Meloni, G.; Marcacci, M.; Di Domenico, M.; Rocchigiani, A.M.; Spedicato, M.; Oggiano, A.;
Manunta, D.; Teodori, L.; et al. Novel putative Bluetongue virus in healthy goats from Sardinia, Italy. Infect. Genet. Evol.
2017, 51, 108–117.

31. Sun, E.C.; Huang, L.P.; Xu, Q.Y.; Wang, H.X.; Xue, X.M.; Lu, P.; Li, W.J.; Liu, W.; Bu, Z.G.; Wu, D.L. Emergence of a
novel bluetongue virus serotype, China 2014. Transbound. Emerg. Dis. 2016, 63, 585–589.

32. Coetzee, P.; Stokstad, M.; Myrmel, M.; Mutowembwa, P.; Loken, T.; Venter, E.H.; Van Vuuren, M. Transplacental
infection in goats experimentally infected with a European strain of bluetongue virus serotype 8. Vet. J. 2013, 197,
335–341.

33. Vijaykrishna, D.; Mukerji, R.; Smith, G.J. RNA virus reassortment: An evolutionary mechanism for host jumps and
immune evasion. PLoS Pathog. 2015, 11, e1004902.



34. MacLachlan, N.J.; Dubovi, E.J. Reoviridae. In Fenner’s Veterinary Virology, 5th ed.; Academic Press: Cambridge, MA,
USA, 2017; pp. 299–317.

35. OIE. Bluetongue. Technical Disease Card. 2013. Available online:
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/BLUETONGUE.pdf
(accessed on 20 July 2021).

36. OIE. Epizootic Hemorrhagic Disease. Technical Disease Card. 2019. Available online:
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/EPIZOOTIC_HEAMORRHAGIC_DISEAS
(accessed on 20 July 2021).

37. Vigil, S.L.; Ruder, M.G.; Shaw, D.; Wlodkowski, J.; Garrett, K.; Walter, M.; Corn, J.L. Apparent range expansion of
Culicoides (Hoffmania) insignis (Diptera: Ceratopogonidae) in the southeastern United States. J. Med. Entomol. 2018,
55, 1043–1046.

38. Christensen, S.A.; Ruder, M.G.; Williams, D.M.; Porter, W.F.; Stallknecht, D.E. The role of drought as a determinant of
hemorrhagic disease in the eastern United States. Glob. Chang. Biol. 2020, 26, 3799–3808.

39. Mellor, P.S.; Boorman, J.; Baylis, M. Culicoides biting midges: Their role as arbovirus vectors. Annu. Rev. Entomol.
2000, 45, 307–340.

40. Lysyk, T.J.; Dergousoff, S.J. Distribution of Culicoides sonorensis (Diptera: Ceratopogonidae) in Alberta, Canada. J.
Med. Entomol. 2014, 51, 560–571.

41. Stevens, G.; McCluskey, B.; King, A.; O’Hearn, E.; Mayr, G. Review of the 2012 epizootic hemorrhagic disease
outbreak in domestic ruminants in the United States. PLoS ONE 2015, 10, e0133359.

42. Wittmann, E.J.; Mellor, P.S.; Baylis, M. Effect of temperature on the transmission of orbiviruses by the biting midge,
Culicoides sonorensis. Med. Vet. Entomol. 2002, 16, 147–156.

43. Köhler, W. Arboviruses and Human Disease. World Health Organization Technical Report Series No. 369. 84 S., 4 Tab.
Genf 1967: World Health Organization. Sw. Fr. 4,-. J. Basic Microbiol. 1968, 8, 249.

44. Savini, G.; Afonso, A.; Mellor, P.; Aradaib, I.A.O.; Yadin, H.; Sanaa, M.; Wilson, W.; Monaco, F.; Domingo, M. Epizootic
hemorrhagic disease. Res. Vet. Sci. 2011, 91, 1–17.

45. Ruder, M.G.; Lysyk, T.J.; Stallknecht, D.E.; Foil, L.D.; Johnson, D.J.; Chase, C.C.; Dargatz, D.A.; Gibbs, E.P.J.
Transmission and epidemiology of bluetongue and epizootic hemorrhagic disease in North America: Current
perspectives, research gaps, and future directions. Vector Borne Zoonotic Dis. 2015, 15, 348–363.

46. McGregor, B.L.; Stenn, T.; Sayler, K.A.; Blosser, E.M.; Blackburn, J.K.; Wisely, S.M.; Burkett-Cadena, N.D. Host use
patterns of Culicoides spp. biting midges at a big game preserve in Florida, U.S.A., and implications for the
transmission of orbiviruses. Med. Vet. Entomol. 2019, 33, 110–120.

Retrieved from https://encyclopedia.pub/entry/history/show/31381


