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Abstract

Purpose of Review—Arbovirus (arthropod-borne virus) infections are increasingly important 

causes of neurologic disease in the United States through both endemic transmission and travel-

associated infections. This article reviews the major arbovirus infections that can cause neurologic 

disease likely to be encountered in the United States.

Recent Findings—West Nile virus continues to be an important cause of epidemic encephalitis, 

while emerging arbovirus infections such as dengue and chikungunya have rapidly expanded their 

geographic distribution. As emerging arboviruses expand in new geographic regions, neurologic 

abnormalities are reported in new patient populations.

Summary—Emerging arbovirus infections are increasingly important causes of neurologic 

disease throughout the world and in the United States. While no US Food and Drug 

Administration (FDA)–approved therapy is yet available for these infections, prompt recognition 

and diagnosis from the consulting neurologist will ensure appropriate supportive care for the 

patient.

INTRODUCTION

With the spread of West Nile virus across the United States, the evaluation of an acute 

febrile patient with neurologic abnormalities commonly includes arbovirus infections in the 

differential. The term arbovirus (arthropod-borne virus) includes several families of viruses 

that are spread by arthropod vectors, most commonly mosquitoes, ticks, and sand flies.1 The 

families of viruses included in the arbovirus group are Flaviviridae, Togaviridae, 

Bunyaviridae, and Reoviridae (Table 3–1). These large families of viruses have a common 

feature, an RNA genome that allows these viruses to rapidly adapt to ever-changing host and 

environmental conditions. Thus, these virus families are largely responsible for the recent 

growth in geographic range of emerging viruses such as West Nile virus, dengue virus, and 

chikungunya virus. This article reviews the epidemiology, presentation, and diagnosis of 

arbovirus infections and therapeutic approaches to treat them.
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FLAVIVIRIDAE

West Nile Virus

Most arboviruses maintain an enzootic (animal) cycle that does not involve human infection. 

West Nile virus is maintained in an enzootic cycle between mosquitos such as Culex pipiens 
and passerine (perching) bird species such as jays and finches. After an infected mosquito 

bites a human, the virus replicates in dendritic cells and macrophages in local tissue and 

lymph nodes, resulting in viremia that eventually disseminates virus to end organs, including 

the central nervous system (CNS).2 Of note, West Nile viremia in humans is not high 

enough or sustained enough to support subsequent transmission to mosquitoes, so humans 

are dead-end hosts. The ability of an arbovirus to invade the CNS (neuroinvasiveness) is 

determined by multiple viral and host factors.3,4 Proposed routes of arboviral CNS entry 

include penetration of the cerebral microvasculature after infection of endothelial cells, 

diapedesis Unlabeled Use of Products/Investigational Use Disclosure: Drs Beckham and 

Tyler discuss the unlabeled/investigational use of corticosteroids, humanized monoclonal 

antibodies, interferon alfa, and IVIg for the treatment of West Nile virus. (movement of 

infected blood cells across brain capillary walls) of infected leukocytes, passage through the 

choroid plexus, or passage through fenestrated endothelial cells in the vasculature of specific 

regions in the CNS.2

After crossing the blood-brain barrier, many arboviruses can directly infect and cause death 

of neurons.5 Several studies have shown that apoptosis is an important mechanism of West 

Nile virus–induced neuron cell death and CNS injury.6–11 Immune responses also contribute 

to clearance of virus but contribute to immune-mediated neuronal cell death as well.12–17

West Nile virus infection is now the most common cause of epidemic viral encephalitis in 

the United States. Since its emergence in New York City in 1999, over 40,000 cases of West 

Nile virus infection have been reported in the United States, with over 17,000 cases (42%) of 

neuroinvasive disease and 1700 (4%) deaths.18 The epidemics of West Nile virus in 2003 

and 2012 were the largest outbreaks of neuroinvasive viral infections ever reported in the 

Western Hemisphere.19,20

Almost all cases of West Nile virus disease are caused by transmission through a mosquito 

bite. In most areas of the United States, the majority of cases occur between June and 

October, reflecting the peak activity period of biting mosquitoes. Occasional cases of West 

Nile virus disease also occur following transplantation of West Nile virus–infected organs,21 

breast-feeding,22 and blood transfusions from asymptomatic West Nile virus–infected 

individuals.23 Currently, donor organs and blood products are screened for West Nile virus 

nucleic acids to prevent iatrogenic transmission.

Following transmission of West Nile virus, most infections (approximately 80%) are 

asymptomatic. Approximately 20% of infected individuals develop an acute febrile flulike 

illness (West Nile fever), characterized by fever, headache, fatigue, anorexia, nausea, 

myalgia, and lymphadenopathy. A maculopapular rash involving the trunk and limbs occurs 

in 25% to 50% of cases.24 Less than 1% of West Nile virus–infected individuals develop 

neuroinvasive disease, which can manifest as meningitis, encephalitis, acute flaccid 
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paralysis, or a combination of these clinical syndromes.19,25 The symptomatology reflects 

the common predilection for the virus to injure the basal ganglia, thalamus, upper brainstem, 

and cerebellum as well as the anterior horns of the spinal cord. An estimated 30% to 40% of 

patients with neuroinvasive West Nile virus infection develop meningitis, 50% to 60% 

develop encephalitis, and 5% to 10% develop acute flaccid paralysis.26,27 Other reported 

syndromes include chorioretinitis,28 myositis,29 and autonomic nerve dysfunction.30

Neuroinvasive disease most commonly occurs in older individuals (over 60 years of age). In 

one study, the odds ratio (95% confidence interval) of developing encephalitis was 2.2 (1.6 

to 3.1) in individuals older than 64 years.31 Additional identified risk factors for encephalitis 

include hypertension and diabetes mellitus.31,32 Patients who are immunocompromised, 

including organ transplant recipients, are at high risk of developing severe West Nile virus 

disease. Specific genetic factors in humans shown to enhance susceptibility to serious West 

Nile virus disease include single nucleotide polymorphisms in the oligoadenylate synthetase 

gene, which encodes an interferon-inducible enzyme involved in antiviral innate immunity,33 

and a genetic deficiency of the chemokine receptor CCR5, which may inhibit trafficking of 

West Nile virus–specific CD8+ T cells into the CNS.34

West Nile virus meningitis is characterized by the abrupt onset of fever, headache, 

meningeal signs, photophobia, and phonophobia. Patients have a CSF pleocytosis with an 

average of 226 cells/μL, mildly elevated protein, and normal glucose. In one study, 

neutrophils, rather than lymphocytes, were found to predominate in the CSF in 

approximately 50% of patients with West Nile virus meningitis.35 In some cases of West 

Nile virus neuroinvasive disease, very atypical-appearing monocytes are noted in the CSF 

similar to Mollaret cells noted in cases of recurrent meningitis. In cases of West Nile virus 

meningitis, neuroimaging studies are unremarkable, and the EEG is usually normal.

West Nile virus encephalitis is distinguished from meningitis by the presence of signs and 

symptoms of brain parenchymal involvement on examination or diagnostic testing including 

neuroimaging or EEG. Results from multiple studies suggest that patients with West Nile 

virus encephalitis present with fever (70% to 100%), headache (50% to 100%), and altered 

mental status (45% to 100%).36 Signs common in West Nile virus encephalitis but unusual 

in other forms of viral encephalitis include tremor, parkinsonism, and myoclonus (20% to 

40%).26,37 Weakness is common and may be of a lower motor neuron type associated with 

hypotonia and areflexia, with preserved sensation. Cranial neuropathies, most commonly 

involving unilateral or bilateral peripheral facial palsy, occur in approximately 20%.

The prevalence of tremors due to West Nile virus neuroinvasive disease ranges from 12% to 

nearly 100%.38 When present, tremors are described as coarse and isolated to the upper 

extremities and have postural and kinetic components.39 Parkinsonian features also occur 

with variable frequency and include signs of bradykinesia, cogwheel rigidity, hypomimia, 

and postural instability.38,39 Myoclonus can resemble that seen in prion diseases, and usually 

involves the upper extremities and face. Cerebellar abnormalities including incoordination 

and gait ataxia occur in a variable percentage of cases.26,37,38
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Patients with West Nile virus infection have a normal complete blood count or mild 

leukocytosis.1 The CSF findings in patients with West Nile virus encephalitis are almost 

identical to the findings with meningitis, including pleocytosis (mean 227 cells/μL), elevated 

protein, and normal glucose. Neutrophils predominate rather than lymphocytes in 37% of 

cases (Case 3-1).35 MRI is abnormal in approximately 50% to 70% of West Nile virus 

encephalitis cases, with the frequency of positive MRI findings increasing with imaging later 

in the course of disease (more than 7 days after symptom onset) and increased sensitivity 

with use of T2-weighted fast spin echo and fluid-attenuated inversion recovery (FLAIR) 

sequences. When present, MRI abnormalities typically involve the thalamus, basal ganglia, 

and brainstem (Figure 3-1). CT is considerably less sensitive than MRI and is usually 

normal.

Case 3-1

A 64-year-old woman who lived in western Nebraska was brought to the emergency 

department in August by her family for increasing confusion and altered mental status. 

The patient’s husband stated that the patient was in her usual state of good health until 

she developed fever and fatigue 3 days prior to presentation. Over the next 2 days, she 

developed nausea, vomiting, and diarrhea associated with increasing headache. The 

morning of presentation, the patient was confused and unable to respond to questions. On 

examination, she was febrile (39.2°C [102.5°F]), and awake but unable to follow 

commands or respond purposefully. Her breathing was rapid, shallow, and labored. In the 

emergency department, the patient was intubated, blood cultures were obtained, CT of 

the head was negative, and a lumbar puncture was performed. Lumbar puncture showed 

an opening pressure of 15 cm water, a CSF pleocytosis of 620 cells/μL (55% neutrophils, 

40% lymphocytes), glucose concentration of 42 mg/dL, and protein concentration of 114 

mg/dL. The CSF Gram stain was negative, as were the CSF culture and blood cultures. 

MRI of the brain showed T2-signal hyperintensity in the thalamus (bilaterally), midbrain, 

basal ganglia, and left medial temporal lobe (Figure 3-1). CSF testing for West Nile virus 

IgM was positive. Her hospital course was complicated by cardiac arrest and progressive 

loss of response to stimuli. The patient died on hospital day 14.

FIGURE 3-1. 
Axial T2-weighted fast spin echo MRI of a patient with West Nile virus encephalitis. 

Increased signal intensity in the thalamus bilaterally and in the right caudate nucleus (A), 

the substantia nigra (B), and the midbrain and left medial temporal lobe (C ).
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Comment

The presentation of acute altered mental status in an otherwise healthy individual is 

concerning for severe encephalitis or severe bacterial meningitis. In cases such as this, the 

goal is to initiate therapy for acute bacterial meningitis and herpes simplex encephalitis as 

soon as possible. Lumbar puncture is the key diagnostic test. In this case, the CSF 

exhibited a neutrophil pleocytosis that is more commonly found in bacterial meningitis 

but can be found in up to 50% of West Nile virus neuroinvasive cases. The subsequent 

MRI findings are characteristic of West Nile virus. In particular, involvement of deep 

gray matter in regions such as the basal ganglia, thalamus, and brainstem are 

characteristic of central nervous system infection by a Flavivirus such as West Nile virus. 

Advanced age and intubation are predictors of poor outcome in patients with 

neuroinvasive West Nile virus infection.

West Nile virus can also cause a poliomyelitislike acute flaccid paralysis that results from 

viral injury to motor neurons in the anterior horns of the spinal cord.40 Patients typically 

develop acute onset of asymmetric limb paralysis associated with decreased or absent 

reflexes and preserved sensation. Weakness may be associated with respiratory impairment 

from diaphragm or intercostal muscle paralysis. Electrophysiology studies obtained acutely 

show reduction in amplitude or absence of compound muscle action potentials with 

relatively preserved sensory nerve action potentials. EMG studies obtained 2 to 3 weeks 

after onset show characteristic features of denervation, including increased insertional 

activity and fasciculations. In contrast to Guillain-Barré syndrome, no evidence of 

significant demyelination (slowed conduction velocities or conduction block) is seen. In 

most, but not all, cases of West Nile virus, acute flaccid paralysis is associated with clinical 

signs and symptoms of systemic infection, and the syndrome may occur in association with 

meningitis or encephalitis. Patients typically have CSF features similar to the features seen 

in meningoencephalitis. MRI of the spinal cord may show increased signal in the anterior 

horns on T2 and FLAIR sequences.

West Nile virus neuroinvasive disease is usually diagnosed by demonstration of West Nile 

virus–specific IgM in CSF by enzyme-linked immunosorbent assay (ELISA).41 In some 

patients, CSF West Nile virus IgM may persist for 1 year or longer, and it may be necessary 

to perform serial studies of serum and CSF IgG and IgM to definitively distinguish acute 

from remote infection. CSF polymerase chain reaction (PCR) for West Nile virus is highly 

specific, but less sensitive than serologic studies. CSF PCR may be particularly useful early 

in infection, before antibody responses have fully evolved, and in immunocompromised 

individuals who may have delayed or absent seroconversion.41 Antibodies reacting with 

West Nile virus antigens in ELISA tests may occur as a result of heterologous cross-

reactions induced by infection with or vaccination against other flaviviruses, including St 

Louis encephalitis virus, yellow fever virus, and Japanese encephalitis virus. In some cases, 

it may be necessary to confirm ELISA results by plaque-reduction neutralization assays. 

Neutralization antibody titers are typically highest against the inciting virus compared with 

cross-reacting species.
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No specific therapy of proven benefit for West Nile virus infection exists. Isolated case 

reports and small series describe both benefit and lack of effect from treatment with IVIg 

containing high-titer anti-West Nile virus antibodies and with interferon alfa. A multicenter 

randomized controlled trial of a high-titer anti–West Nile virus IVIg preparation was 

conducted by the Collaborative Antiviral Study Group (CASG) and did not show evidence 

of a therapeutic benefit.42 A phase 2/3 trial to evaluate the safety and efficacy of a 

humanized monoclonal antibody directed against an epitope on the West Nile virus envelope 

glycoprotein was closed because of low enrollment (NCT00515385). Isolated reports of use 

of corticosteroids in patients with West Nile virus acute flaccid paralysis and brainstem 

disease do not permit any conclusions about efficacy.43

Mortality from West Nile virus neuro-invasive disease is approximately 12% and occurs 

almost exclusively in the subsets of patients with severe encephalitis or severe acute flaccid 

paralysis. The frequency and severity of sequelae are still not well understood.44 Six months 

after the acute infection, 40% of patients with movement disorders such as myoclonus, 

parkinsonism, or tremors have residual symptoms, and 20% have ongoing symptoms at 18 

months of follow-up.44 Up to 50% of West Nile virus encephalitis survivors report cognitive 

problems, decreased motor speed, and diminished dexterity 3 months after the initial 

infection.44

Other Flaviviridae

According to the World Health Organization (WHO), dengue virus causes approximately 50 

million cases of disease annually throughout the world and continues to expand its 

geographic distribution throughout tropical and subtropical regions. Dengue virus isolates 

are divided into four different serotypes and are maintained in endemic cycles between 

humans and the Aedes aegypti mosquito. Dengue virus infection causes an acute self-limited 

febrile syndrome characterized by headache, retroorbital pain, rash, nausea, vomiting, 

diarrhea, myalgia, and arthralgia. In individuals with prior exposure to dengue virus, 

reexposure to another serotype places the individual at increased risk for dengue 

hemorrhagic fever, characterized by increased vascular permeability, thrombocytopenia, 

hypotension, and hemorrhagic manifestations.

Acute dengue virus infections are rarely associated with CNS involvement, and direct 

dengue virus infection of the nervous system remains controversial.45 A 2014 study in India 

and Nepal found that 9.2% of dengue infections were associated with a neurologic 

complication.45 Of the 45 patients in a prospective cohort study with neurologic 

manifestations associated with dengue virus infection, encephalitis was the most common 

presentation at 33%.45 Other associated neurologic abnormalities include encephalopathy 

(22%), myelitis, Guillain-Barré syndrome, myositis, and neuralgic amyotrophy.45 The 

diagnosis of dengue is often clinical in endemic locations. Diagnosis can be supported with 

serology using acute and convalescent serum for antibody to the dengue virus envelope 

protein. No known therapy exists for acute dengue virus infection. Among other problems, 

the development of dengue hemorrhagic fever with recurrent infection from new serotypes 

has hampered the development of efficacious vaccination strategies.
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Powassan virus is a rare tick-borne flavivirus maintained in an enzootic cycle between 

Ixodes ticks and small mammals.46 Powassan virus causes rare sporadic cases of neurologic 

disease in humans. In the United States, Powassan virus has been reported in the 

northeastern and north central states.46 Symptoms of infection vary from mild fever and 

myalgia to acute flaccid paralysis, encephalitis, and death.46,47

St Louis encephalitis virus is another member of the Flaviviridae family, spread by mosquito 

vectors in southern Midwest states. Cases of St Louis encephalitis have rapidly decreased 

with the expansion of West Nile virus. According to Centers for Disease Control and 

Prevention (CDC) data, two cases of neuroinvasive St Louis encephalitis were reported in 

the District of Columbia in 2010. St Louis encephalitis causes neuroinvasive disease in a 

minority of patients, with very similar clinical patterns compared to West Nile virus.

TOGAVIRIDAE (ALPHAVIRUSES)

The family Togaviridae is composed of enveloped single-stranded positive-sense RNA 

viruses. In North America, eastern equine encephalitis virus is the most important member 

of this group causing encephalitis and is, fortunately, rare. Chikungunya virus has recently 

emerged as the cause of massive epidemics of a febrile arthralgic illness that, in rare cases, is 

associated with neurologic manifestations. However, since some epidemics can involve 

millions of infected cases, even low-incidence involvement of the nervous system can result 

in significant numbers of affected individuals.

Eastern Equine Encephalitis Virus

Eastern equine encephalitis virus is an alphavirus that causes a sporadic mosquito-borne 

viral infection endemic in the eastern United States and Caribbean. Four lineages of eastern 

equine encephalitis virus exist; group I causes most disease in humans, whereas groups IIA, 

IIB, and III cause primarily equine disease in Central America and South America.48–50 

Eastern equine encephalitis virus is maintained in an enzootic cycle with avian species after 

a bite from a mosquito vector, Culiseta melanura.49 Birds serve as the primary reservoir 

hosts and amplifying hosts, and humans are incidentally infected by various mosquito 

bridging vectors, including Culex, Culiseta, and Aedes species.51 In the United States, most 

cases are along the eastern seaboard, and cases are found sporadically along the Gulf Coast, 

typically within 5 miles of swamplands or marshlands. Approximately 1 in 30 individuals 

exposed to eastern equine encephalitis virus develops disease.52 Eastern equine encephalitis 

virus causes sporadic infections in human populations during the summer months and 

occasional larger epidemic outbreaks.

Patients infected with eastern equine encephalitis virus develop nonspecific symptoms 

common to other causes of viral encephalitis, including fever, chills, malaise, and myalgia. 

The prodrome is followed by either recovery without neurologic illness or the onset of 

encephalitis characterized by severe headache, confusion, nausea, and vomiting. Seizures, 

focal neurologic deficits such as cranial nerve palsies or focal weakness, and meningismus 

are common findings.53 Brainstem involvement is common and is associated with gaze 

palsies, nystagmus, and pupillary abnormalities. Mortality is about 33% but increases to 

Beckham and Tyler Page 7

Continuum (Minneap Minn). Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50% in patients older than 60 years of age. Moderate to severe sequelae occur in one-third of 

survivors.53

Similar to the flaviviruses above, MRI abnormalities occur predominantly in the thalamus, 

basal ganglia, and brainstem.53 EEG is typically diffusely slow, with some severely ill 

patients having burst suppression or diffuse high-voltage delta-wave slowing.54 Laboratory 

studies may show a peripheral leukocytosis with a neutrophil predominance in 69% and 

hyponatremia in 60% of patients.53 CSF typically shows a significant pleocytosis with a 

mean cell count of 370 leukocytes/μL in one study53 and 940 leukocytes/μL in another.54 

Approximately 60% of eastern equine encephalitis virus cases will display a neutrophil 

predominance in the CSF with a median neutrophil proportion of 70% of nucleated 

cells.53,54 CSF protein is often elevated (median 97 mg/dL), and 90% of patients have CSF 

glucose concentrations less than 60% of coincident serum values. CSF red blood cells are 

common, reflecting the necrotic and hemorrhagic features of the encephalitis pathologically.

Diagnosis is typically made by demonstration of IgM antibodies in CSF by capture ELISA, 

demonstration of serum IgM antibodies, or a fourfold increase in IgG antibodies between 

acute and convalescent sera. No proven antiviral therapy exists for eastern equine 

encephalitis virus, and treatment is focused on supportive care and managing complications 

such as seizures and increased intracranial pressure. No commercial vaccine for eastern 

equine encephalitis virus exists, but standard precautions to prevent mosquito bites may help 

to prevent infection. In evaluating laboratory and imaging studies for prognostic value, one 

study found that CSF leukocytosis greater than 500 cells/μL and hyponatremia less than 130 

mEq/L were predictive of a poor outcome,53 but a longer prodromal period was associated 

with a better prognosis. Sequelae may be more common and generally more severe in 

children.53

Venezuelan Equine Encephalitis Virus

Venezuelan equine encephalitis virus is an Alphavirus that was originally isolated from the 

brains of dead horses.55 Venezuelan equine encephalitis virus circulates between a mosquito 

vector, Culex melanoconion, and forest-dwelling small mammals and birds in Central 

America and South America. It emerges during epizootic outbreaks to infect horses and 

humans via bridge vectors such as Aedes taeniorhynchus. Epidemics typically occur in 

northern South America, but have extended as far north as Mexico and Texas.56 In areas of 

sylvatic (forest) activity, human seroprevalence can be 50%. In contrast to many encephalitic 

arbovirus infections, Venezuelan equine encephalitis viremia in humans is sufficient to 

transmit virus to mosquitos for approximately 72 hours.57 However, humans are not likely to 

play an important role in spread; instead, epizootic strains of Venezuelan equine encephalitis 

virus are dependent on equine amplification for epidemic spread. Forty percent of patients 

with Venezuelan equine encephalitis virus have virus in the pharynx, suggesting that direct 

spread between humans may be possible, although human-to-human spread has never been 

proven.58

Symptomatic Venezuelan equine encephalitis virus infection results in neurologic disease in 

a minority of cases following a viral prodrome of fever, headache, photophobia, conjunctival 

injection, myalgia, arthralgia, nausea, and dizziness. Pharyngeal inflammation, painful 
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cervical lymphadenopathy, somnolence, and tremulousness may occur.59 CSF analysis 

reveals lymphocytic pleocytosis, elevated protein, and a normal CSF glucose. Few reports of 

neuroimaging studies exist. CT scans are usually normal. EEG typically shows diffuse 

slowing, although some cases have focal temporal slowing similar to that seen in herpes 

simplex virus encephalitis.

Venezuelan equine encephalitis virus infection is diagnosed by detection of specific IgM 

antibody in the CSF or serum, and fatality rates range from 0.2% to 1% of symptomatic 

Venezuelan equine virus–infected patients without symptoms of encephalitis and increases 

to 10% to 25% in patients with encephalitis. No antiviral therapy or human vaccine has 

shown proven benefit.

Chikungunya Virus

Recently, an emerging alphavirus called chikungunya virus has rapidly spread across the 

tropical and subtropical regions around the globe. The name “chikungunya” is derived from 

the Makonde language of Tanzania and means “that which bends up.” Over 1 million cases 

of chikungunya virus disease were reported in recent epidemics in India.60 The virus rapidly 

spread west and now is endemic in the Caribbean islands, South America, Central America, 

and recently the southeastern United States.61,62 Chikungunya virus has rapidly adapted to 

multiple mosquito-mammal transmission cycles depending on the geographic region.63 An 

urban cycle between the mosquito vector, A. aegypti, and humans is thought to support 

much of the recent epidemic spread. Following the bite of an infected mosquito, 

chikungunya virus causes a characteristic febrile syndrome manifested by headache, rash, 

and severe arthralgia. Patients can develop a poly-articular large-joint arthritis during acute 

infection, and symptoms of joint pain can linger for months following infection.

Chikungunya virus infection of the CNS is rare but has been reported. Associated neurologic 

clinical manifestations of chikungunya virus have included meningitis, encephalitis, and 

encephalomyeloradiculitis.64–66 Diagnosis of chikungunya virus infection can be made with 

serology using acute and convalescent serum, and cases of chikungunya virus–associated 

CNS disease have been confirmed following detection of anti–chikungunya virus IgM in the 

CSF.67 No known efficacious therapy or vaccine exists for chikungunya virus.

BUNYAVIRIDAE

California Encephalitis Group

California encephalitis virus, La Crosse virus, Jamestown Canyon virus, and Tahyna virus 

are the major causes of encephalitis in the California encephalitis group within the family of 

Bunyaviridae and genus Bunyavirus. Of these viruses, La Crosse virus, California 

encephalitis virus, and Jamestown Canyon virus are causes of disease in the United States, 

and Tahyna virus is predominantly a cause of encephalitis in Russia. La Crosse virus is the 

most common cause of disease in the California encephalitis group. It was originally 

described in 1965 after a postmortem examination of a child who died of encephalitis in La 

Crosse, Wisconsin.68 La Crosse virus is transmitted in an enzootic pattern between squirrels 

and chipmunks by the mosquito Aedes triseriatus in areas of the Mississippi and Ohio River 
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basins.69 Recent outbreaks of La Crosse virus have demonstrated a shift in incidence to the 

Appalachian region and West Virginia.70 Human exposure is often associated with camping 

or other recreational activities in wooded areas in endemic regions.

California encephalitis virus was originally isolated in 1941, but it is rare. Most human cases 

occur in the western United States and Canada. The ratio of asymptomatic to symptomatic 

infections is 1000:1.71

Although La Crosse and California encephalitis viruses mostly cause disease in children, 

with a mean age of La Crosse virus infection in children of 7.5 years, Jamestown Canyon 

virus affects predominantly elderly individuals in regions of the northern United States, with 

seroprevalence in some areas reaching 10%.72 A recent report of a Jamestown Canyon virus 

infection in Montana underscores continued low-level transmission in the northern 

continental United States.73

Symptoms of La Crosse virus encephalitis include fever, headache, vomiting in 70%, 

seizures in 46%, and altered mental status in 42% of cases.71 Focal neurologic signs include 

hemiparesis, aphasia, dysarthria, and chorea. About 10% of patients develop increased 

intracranial pressure, and, rarely, cerebral herniation can occur.71 Jamestown Canyon virus 

has similar clinical features.

CSF analysis for the California encephalitis virus group reveals a lymphocytic pleocytosis of 

approximately 600 cells/μL and normal glucose. An increased CSF protein is found in 30% 

of patients with encephalitis.71 Peripheral leukocytosis and hyponatremia secondary to 

syndrome of inappropriate secretion of antidiuretic hormone (SIADH) are common. IgM 

detection in the CSF or a fourfold increase in paired sera for IgG is considered diagnostic for 

infection.

No antiviral therapy currently exists for the California encephalitis group of viruses, and no 

vaccine is available. Mortality from La Crosse encephalitis is approximately 1% to 3%, and 

most survivors return to normal function. Ribavirin treatment for La Crosse encephalitis in 

children is not recommended because of problems with pharmacokinetics, toxicity at higher 

doses, and penetration into the CNS.74

CONCLUSION

Arbovirus infections are increasingly common throughout the United States and the world. 

Cases of arbovirus infections will continue to challenge physicians to match the 

constellation of findings on examination, laboratory studies, and neuroimaging with likely 

viral causes. Thus, it is important to understand the characteristic presentations of arbovirus 

infections so the appropriate testing can be completed and patients can be provided with the 

specific prognostic information for a specific virologic diagnosis. Although no approved 

therapies exist for arbovirus infections, the diagnostic and prognostic information provided 

by these investigations can be very important for patients and families.
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KEY POINTS

• Less than 1% of West Nile virus–infected individuals develop 

neuroinvasive disease.

• West Nile virus neuroinvasive disease can manifest as meningitis, 

encephalitis, acute flaccid paralysis, or a combination of syndromes.

• West Nile virus neuroinvasive disease is more common in individuals 

older than 60 years of age.

• CSF from patients with West Nile virus neuroinvasive disease may 

exhibit a neutrophil-predominant pleocytosis.

• West Nile virus encephalitis most commonly causes MRI T2-signal 

abnormalities in the deep gray nuclei.

• West Nile virus neuroinvasive disease is often diagnosed by 

measurement of CSF IgM.

• Dengue virus infections are associated with encephalitis and peripheral 

nerve syndromes.

• Cases of eastern equine encephalitis virus and Venezuelan equine 

encephalitis virus encephalitis occur during localized epidemic 

transmission.

• Chikungunya virus is a rapidly emerging virus with rare associations 

with neurologic disease.

• Chikungunya virus is associated with meningitis and encephalitis 

during acute infection.

• La Crosse virus causes cases of encephalitis in children.

• Mortality following infection from the California encephalitis group of 

viruses is low, and outcomes are typically favorable.
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