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Arboviruses

• Refers to viruses transmitted by arthropods, usually mosquitoes
• Traditionally a low priority for research, but perceptions of 

importance changing in recent years 
• Unprecedented emergence of epidemics in last 50 years –

chikungunya, Zika, yellow fever, dengue, West Nile
• Many viruses maintained in enzootic cycles that can spillover into 

humans or other species

Presenter
Presentation Notes
Traditionally, not considered important diseases in terms of mortality and disabilityDengue now the most common arboviral infection in humans worldwide, disproportionately affecting Africa and Latin America



Geography and Vectorborne Disease

• Endemic diseases vary by geography 
• Not all diseases are found everywhere 

– need to have the right host and 
vector species, as well as 
environmental conditions for disease 
to occur

• Risk not always consistently 
distributed, even in relatively small 
areas

Presenter
Presentation Notes
Neuroinvasive symptoms more common with endemic arboviruses than some imported ones like chikungunya (debilitating joint pain) and dengue (hemorrhagic and shock)



Jamestown Canyon Virus



Jamestown Canyon Virus

• Single-stranded RNA virus
• Genus Bunyavirus
• Member of the California serogroup of viruses
• First isolated from a mosquito from Jamestown 

Canyon, Colorado in 1961
• Rarely reported as a cause of human disease –

nationally notifiable since 2004

Image: https://www.colorado.com/cities-and-towns/jamestown 

Presenter
Presentation Notes
Jamestown Canyon virus is a mosquito-borne orthobunyavirus.  It is a member of the California serogroup of viruses, which also includes La Crosse virus, California encephalitis virus, and snowshoe hare virus.Jamestown Canyon virus was first isolated in 1961 from a pool of mosquitoes in Jamestown Canyon, CO and has been known to cause disease in humans since the 1970s.  The virus became nationally notifiable in 2004, but is rarely reported.  Only 31 human cases were reported in the US from 2000 – 2013.



Jamestown Canyon Virus Ecology

• Principal amplification host in nature is the white-tailed deer 
‒Other large mammals may also participate in maintenance cycle

• Several species of mosquito may be vectors – seems to differ based 
on geography and time of year 

• Serosurveys indicate virus is present throughout continental United 
States and Canada

• Human infections more common in northern states

Presenter
Presentation Notes
The principal amplifying host of JCV in nature is the white-tailed deer, but other large mammals, including moose and mule deer, may play a role in the maintenance of the virus.  Serosurveys of host animals and humans, as well as tests in a variety of mosquito species, have found evidence of the virus around the continental United States, including Minnesota. Although data from these serosurveys suggests that human infections could occur anywhere in the United States, cases have been detected primarily in residents of northern states.



Mosquito Vectors

• Isolated from a variety of boreal mosquito 
species, although vector competence for many 
is unknown 

• Important potential vectors in Minnesota 
include several Aedes species and Coquillettidia
perturbans

• Also possible transmission from Anopheles, 
Culex, and Culiseta species

Image source: https://bugguide.net/node/view/49884 (top) and https://bugguide.net/node/view/1414384/bgimage (bottom)

Presenter
Presentation Notes
The virus has been isolated from a variety of boreal mosquito species, but vector competence for many of these is not well understood, and evidence suggests that the primary vectors may differ depending on region.There are several potential mosquito vectors in Minnesota, the most likely of which are in the Aedes genus, particularly spring or snowmelt species, as well as Coquillettidia perturbans.  In addition to these, transmission is also possible from other Anopheles, Culex, and Culiseta species.Image on top is Aedes stimulans and bottom is Coquillettidia perturbans (cattail mosquito).

https://bugguide.net/node/view/49884
https://bugguide.net/node/view/1414384/bgimage


Jamestown Canyon Virus Disease

• Similar to other arboviruses, clinical syndromes range from fever 
without neurologic involvement to meningitis and encephalitis
‒Prodome of upper respiratory infection sometimes reported

• Longer risk season than other endemic mosquitoborne arboviruses –
cases occur from late spring into early fall 

• Likely under-recognized due to limited options for diagnostic testing

Presenter
Presentation Notes
Jamestown Canyon virus disease can manifest as a variety of clinical syndromes, the most common of which are meningitis, meningoencephalitis, or an acute febrile illness without central nervous system involvement. Most cases occur between late spring and early fall, although onsets have occasionally been reported in the winter months.  Nationally, 48% of reported cases are hospitalized, but the disease is likely under-recognized, especially in its more mild forms.



Jamestown Canyon Virus in Minnesota

• 35 cases in Minnesota since 2013
‒1 fatality in 2017

• Onsets from April to October
• Median age of 58 years (range, 10 – 95), 71% male
• 63% of cases hospitalized
• Most cases to date acquired in eastern half of Minnesota



Jamestown Canyon Virus Cases, 2013-2017

Source: MN Department of Health

n = 35 cases

Presenter
Presentation Notes
Data is for 2002-2016



MN JCV Cases by Month of Onset, 2013 – 2017
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Clinical Syndromes for JCV Cases in Minnesota

Clinical syndrome N (%)

Fever without neurologic involvement 16 (46)

Meningoencephalitis 15 (43)

Other neuroinvasive presentation 3 (9)

Acute flaccid paralysis 1 (3)

*1 additional case from 2002 retrospectively identified

Presenter
Presentation Notes
To date, Minnesota has confirmed 7 cases of JCV since 2013.  An additional case from 2002 was retrospectively identified, but data from this case is not included in the following summary.  Cases all experienced onset of symptoms from late May through early September, and all were likely exposed in eastern or north central Minnesota.  Patient ages ranged from 11 to 77 with a median of 56.  Clinical syndromes experienced by patients varied. 3 cases were classified as having meningoencephalitis, 3 as fever without neurologic involvement and 1 case developed acute flaccid paralysis.



Clinical Syndromes for JCV Cases in Minnesota

Clinical syndrome N (%)

Fever without neurologic involvement 16 (46)

Meningoencephalitis 15 (43)

Other neuroinvasive presentation 3 (9)

Acute flaccid paralysis 1 (3)

*1 additional case from 2002 retrospectively identified

Presenter
Presentation Notes
To date, Minnesota has confirmed 7 cases of JCV since 2013.  An additional case from 2002 was retrospectively identified, but data from this case is not included in the following summary.  Cases all experienced onset of symptoms from late May through early September, and all were likely exposed in eastern or north central Minnesota.  Patient ages ranged from 11 to 77 with a median of 56.  Clinical syndromes experienced by patients varied. 3 cases were classified as having meningoencephalitis, 3 as fever without neurologic involvement and 1 case developed acute flaccid paralysis.



JCV Cases in Minnesota

Characteristics of JCV cases N (%)
Fever 29 (83)
Fatigue/malaise 28 (80)
Headache 28 (80)
Neurologic involvement 19 (54)
Myalgia 17 (49)
Arthralgia 7 (20)

Presenter
Presentation Notes
57% of cases were male, and 86% were hospitalized.  Hospitalizations ranged from 4 to 20 days, with a median of 7 days, and 3 patients were discharged to acute rehabilitation facilities for further care.  6 of the seven cases were noted to have fever and fatigue or malaise, while only 3 reported headaches.  Although only 3 patients were classified as having neuroinvasive disease in the form of meningoencephalitis, 5 of the 7 total cases reported symptoms suggestive of some neurologic involvement, ranging from confusion and altered mental status to aphasia, ataxia, and seizure.2/5 patient with underlying conditions (diabetes)1 case in 2013, 4 in 2014, 5 in 2015AFP case also positive for echovirus 11
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Powassan Virus



Powassan Virus

• Flavivirus in the tick-borne encephalitis virus complex
• POWV Lineage I (prototype POWV)

‒Transmitted by Ixodes cookei and Ixodes marxi
• POWV Lineage II (Deer tick virus)

‒Antigenically indistinguishable from Lineage I
‒Transmitted by I. scapularis

• Lineages are ecologically distinct
• Readily transmitted from infected ticks in as little as 15 

minutes

Presenter
Presentation Notes
Photo of cookei: http://www.ticksinmaine.com/ticks/other-ticksLineage II discovered in 1996Powassan virus is a tick-borne flavivirus in the tick-borne encephalitis complex.Two genotypes have been described. Historically, most cases have been attributed to Lineage I, or prototype Powassan virus. This appears to be transmitted primarily by Ixodes cookei, or woodchuck tick, which searches for blood meals near burrows of its mammal hosts.More recently identified is Lineage II, also called deer tick virus. Lineage II POWV is antigenically indistinguishable from Lineage I. Serologic tests for the two genotypes can be cross-reactive. Lineage II is transmitted by Ixodes scapularis, commonly known as the blacklegged tick or deer tick. This is a common biter of humans in wooded or brushy areas in much of eastern and north central North America, where it also transmits the etiologic agents of Lyme disease, human anaplasmosis, and babesiosis.In the murine model, POWV is readily transmitted from infected ticks, in as little as 15 minutes.



Epidemiology of Powassan Virus

• First identified in 1958 in a fatal pediatric encephalitis case in 
Powassan, Ontario

• Cases reported from eastern Canada/northeastern U.S. and Upper 
Midwest

• In recent years, the number of reports has increased, and in the late 
2000s, the first cases were reported in the Midwest (MI, WI)

• No reported cases west of WI prior to 2008

Presenter
Presentation Notes
Powassan virus was first identified in a fatal 1958 pediatric encephalitis case in Powassan, Ontario. Subsequently, cases have been reported from eastern Canada, the northeastern United States, and the Upper Midwest. Testing for Powassan virus is not widely available, and it is is a rarely documented disease, with approximately 50 reported cases through 2007. Within the last decade, the number of annual Powassan reports increased, and the first cases of Powassan in the Upper Midwest were reported, including Michigan’s first case in 2002 and Wisconsin cases from 2003 to 2007. No human Powassan cases were reported west of Wisconsin prior to 2008.



Powassan Virus Disease

• Typically presents as encephalitis or meningitis
‒ Likely that some infections are asymptomatic or mild
‒Roughly half of known cases experience long-term sequelae, and 

many require prolonged hospitalizations and rehabilitation
• Prodrome of rash, fever, malaise, headache, vomiting, sore throat, 

muscle and joint aches, and disorientation
• Recommended treatment is supportive care
• Incubation period of 1 – 5 weeks
• Case-fatality rate reported in literature of 10-15%

Presenter
Presentation Notes
~60 cases in North America, 1958-20102 deaths in MN casesPublished Powassan cases feature encephalitis or meningitis characterized by altered mental status, seizures, or hemiplegia. A prodrome of non-specific signs and symptoms is often evident and can include rash, fever, malaise, headache, vomiting, sore throat, muscle and joint aches, and disorientation. Reported incubation periods range from 1 to 5 weeks. Patients frequently require prolonged hospitalization and rehabilitation. Long-term sequelae occur in at least half of patients. The case-fatality rate is 10-15%. 



Powassan Virus in Minnesota

• 34 cases in Minnesota since 2008
‒2 fatalities, one in 2011 and one in 2016

• Onsets from April to November
• Median age of 60 years (range, <1 – 75), 76% male
• 94% of cases hospitalized
• Most cases to date acquired in north central and northeastern 

Minnesota



Powassan Virus Cases, 2008-2017

Source: MN Department of Health

n = 34 cases

Presenter
Presentation Notes
Data is for 2002-2016
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Clinical Syndromes for POW Cases in Minnesota

Clinical syndrome N (%)

Meningoencephalitis 32 (94)

Fever without neurologic involvement 2 (6)

Acute flaccid paralysis and meningoencephalitis 1 (3)

*1 additional case from 2002 retrospectively identified
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Presentation Notes
To date, Minnesota has confirmed 7 cases of JCV since 2013.  An additional case from 2002 was retrospectively identified, but data from this case is not included in the following summary.  Cases all experienced onset of symptoms from late May through early September, and all were likely exposed in eastern or north central Minnesota.  Patient ages ranged from 11 to 77 with a median of 56.  Clinical syndromes experienced by patients varied. 3 cases were classified as having meningoencephalitis, 3 as fever without neurologic involvement and 1 case developed acute flaccid paralysis.
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POW Cases in Minnesota

Characteristics of JCV cases N (%)
Fever 33 (97)
Headache 31 (91)
Neurologic involvement 27 (79)
Fatigue/malaise 20 (59)
Myalgia 19 (56)
Arthralgia 4 (12)

Presenter
Presentation Notes
57% of cases were male, and 86% were hospitalized.  Hospitalizations ranged from 4 to 20 days, with a median of 7 days, and 3 patients were discharged to acute rehabilitation facilities for further care.  6 of the seven cases were noted to have fever and fatigue or malaise, while only 3 reported headaches.  Although only 3 patients were classified as having neuroinvasive disease in the form of meningoencephalitis, 5 of the 7 total cases reported symptoms suggestive of some neurologic involvement, ranging from confusion and altered mental status to aphasia, ataxia, and seizure.2/5 patient with underlying conditions (diabetes)1 case in 2013, 4 in 2014, 5 in 2015AFP case also positive for echovirus 11



Conclusions and Next Steps

• Increased awareness among clinicians and more widely available 
testing will likely increase case finding

• Seems to be a true increase in arboviral activity in recent years
• Development of new/better diagnostics needed
• Long-term persistence of IgM antibody response for most arboviruses 

not well understood – impacts understanding and interpretation of 
results

• Long-term sequelae of infections?
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Arboviral Disease 

• Infections often asymptomatic or very mild
• Many symptoms non-specific 

‒Fever, headache, rash, fatigue
‒Severe disease often manifests with neuroinvasive symptoms

• No specific treatments or vaccines available for endemic arboviruses
• Rely on laboratory methods and known epidemiology of different 

viruses to help distinguish infections

Presenter
Presentation Notes
Neuroinvasive symptoms more common with endemic arboviruses than some imported ones like chikungunya (debilitating joint pain) and dengue (hemorrhagic and shock)Vaccines for JE, YF, and TBE (not available in US)



First JCV Case in Minnesota, 2013

• 49-year old male with 1-week history of myalgia, fatigue, 
nausea

• Hospitalized after sudden onset of fever, disorientation, and 
aphasia

• Specimens submitted to Minnesota Department of Health 
Public Health Laboratory (MDH) 

• Follow-up testing at CDC Arboviral Diseases Laboratory 
identified JCV IgM and neutralizing antibodies

Presenter
Presentation Notes
Minnesota identified its first human case of JCV in August of 2013.  A 49-year old male from central Minnesota with a 1-week history of myalgia, fatigue, and nausea was hospitalized after experiencing a sudden onset of fever, disorientation, and aphasia.  The case reported multiple outdoor exposures.  Viral encephalitis was suspected, and specimens were submitted to the Minnesota Department of Health as part of the Unexplained Deaths and Critical Illness Program.  Testing for various pathogens was performed, and all studies were negative, with the exception of the California group assay on the arboviral disease panel.  Specimens were sent to the CDC Arboviral Disease Laboratory for confirmatory testing, which revealed both IgM and neutralizing antibodies for JCV. 
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First POW Case in Minnesota, 2008

• June: previously healthy 10-year-old boy had urticarial rash followed 
by sore throat, headache, and fever

• Lived on wooded farm in northern Minnesota

‒Multiple tick exposures and known tick bite

• Hospitalized with dysarthria, facial weakness, drooling, lethargy, right 
hemiplegia, 78 WBCs in CSF; intubated

• Discharged 3 weeks later with persistent phonation difficulties; 
dysphonia 1 year later

Presenter
Presentation Notes
In June 2008, a previously healthy 10-year-old boy had an urticarial rash followed by sore throat, headache, and fever. This child lived on a wooded farm in Cass County in north central Minnesota. He had multiple tick exposures and a known tick bite. He was hospitalized with dysarthria, facial weakness, drooling, lethargy, right hemiplegia, and 78 WBCs in CSF, and he was intubated. He was discharged 3 weeks later with persistent phonation difficulties. His dysphonia continued 1 year later.



MN Powassan Virus Cases, 2008 – 2017
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Minnesota Ecology 
• Convergence of several ecosystems

‒Northern Forest, Eastern Temperate Forest, Great Plains
• Major influences on vector populations and distribution



Life Cycle of Ixodes scapularis

Presenter
Presentation Notes
Two-year life cycleYear 1:Eggs laid in springHatch into six-legged larva and feed on small mammals or birdsReturn to leaf litter for fall and winter to develop into eight-legged nymphYear 2:Nymphs out to feed in spring/early summer (larger mammals and people)Molt into adults in late summer/early fall – need final blood meal to lay eggsOverwinter as adults, lay eggs in spring
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