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Abstract. La Crosse virus (LACV) is an arthropod-borne virus that can cause a nonspecific febrile illness, meningitis, or
encephalitis.We reviewedU.S.LACVsurveillancedata for2003–2019, includinghumandiseasecasesandnonhuman infec-
tions. Overall, 318 counties in 27 states, principally in the Great Lakes, mid-Atlantic, and southeastern regions, reported
LACV activity. A total of 1,281 human LACV disease cases were reported, including 1,183 (92%) neuroinvasive disease
cases. The median age of cases was 8 years (range: 1 month–95 years); 1,130 (88%) were aged , 18 years, and 754
(59%) were male. The most common clinical syndromes were encephalitis (N 5 960; 75%) and meningitis (N 5 219,
17%). The case fatality rate was 1% (N 5 15). A median of 74 cases (range: 35–130) was reported per year. The average
annual national incidenceofneuroinvasivediseasecaseswas0.02per 100,000persons.West Virginia,NorthCarolina,Ten-
nessee, andOhio had the highest averageannual state incidences (0.16–0.61per 100,000), accounting for 80% (N5 1,030)
of cases. No animal LACV infections were reported. Nine states reported LACV-positive mosquito pools, including three
states with no reported human disease cases. La Crosse virus is themost common cause of pediatric neuroinvasive arbo-
viral disease in theUnitedStates. However, surveillancedata likely underestimate LACVdisease incidence.Healthcare pro-
viders should consider LACV disease in patients, especially children, with febrile illness, meningitis, or encephalitis in areas
where the virus circulates and advise their patients on ways to prevent mosquito bites.

INTRODUCTION

La Crosse virus (LACV) is an arthropod-borne virus (arbovi-
rus) in the California serogroup and the family Peribunyaviri-
dae.1 La Crosse virus is maintained in its natural transmission
cycle between mosquito vectors, primarily the eastern tree
hole mosquito Aedes triseriatus, and small mammal amplify-
ing hosts, including chipmunks and gray squirrels.2,3 Humans
are considered incidental or dead-end hosts.
The majority of LACV infections are asymptomatic.4 The

incubation period for LACV disease is 5–15 days. The spec-
trum of clinical disease ranges from nonspecific febrile illness
to meningitis and encephalitis. Long-term neurologic
sequelae, including recurrent seizures, hemiparesis, and cog-
nitive abnormalities have been reported, but death following
LACV disease is uncommon.5–7 There is no specific treatment
of, and no vaccine to prevent, LACV disease.
LaCrosse viruswas first isolated in 1964 frombrain tissue of

achildwhohadbeenadmitted toaLaCrosse,Wisconsin, hos-
pital several years earlier with meningoencephalitis and sub-
sequently died.5 La Crosse virus disease has only been
reported in theUnitedStates,with themajority of casesoccur-
ring in states in the Great Lakes, mid-Atlantic, and southeast-
ern regions of the country.6 La Crosse virus is recognized as
the most common cause of pediatric neuroinvasive arboviral
disease in the United States.7

Two previous publications have included information on
LACV disease cases in summaries of neuroinvasive arboviral
disease for 1999–2007 and 2003–2012.7,8 However, the latter
report focused on pediatric neuroinvasive LACV disease, and
neither included non-neuroinvasive disease or nonhuman
data. Since 2003, LACV disease cases and nonhuman infec-
tion data have been reported to ArboNET, the national arbovi-
ral disease surveillance system. We reviewed national LACV
surveillance data from ArboNET for 2003–2019 to describe

epidemiologic characteristics of reported human disease
cases and nonhuman infections.

MATERIALS AND METHODS

Data source and case definitions. We identified con-
firmed and probable cases of human LACV disease reported
to ArboNET from 2003 to 2019. State health departments
report human LACV disease cases to ArboNET based on
standardized casedefinitions,which include clinical and labo-
ratory criteria.9 A clinically compatible case of neuroinvasive
disease is defined as a person with encephalitis, meningitis,
acute flaccid paralysis, or other acute signs of central or
peripheral neurologic dysfunction as documented by a
physician in the absence of a more likely clinical explanation.
A non-neuroinvasive case is defined as a person with fever
and without neuroinvasive disease.
According to the current case definition, a confirmed case

must have one or more of the following laboratory criteria:
1) demonstration of LACV, antigen, or nucleic acid in tissue,
blood, cerebrospinal fluid (CSF), or other body fluid; 2) 4-fold
orgreaterchange inLACVquantitativeantibody titers inpaired
sera; 3) LACV immunoglobulin (Ig)M antibodies in serum with
confirmatory LACV-neutralizing antibodies in the sameor later
specimen; and 4) LACV IgM antibodies in CSF and a negative
IgM result for other endemic arboviruses. The laboratory crite-
rion for a probable case is LACV IgM antibodies in CSF or
serum but with no other testing.9

Nonhuman data, including data on veterinary disease cases
and infections in mosquitoes, dead birds, and sentinel ani-
mals, are reported to ArboNET voluntarily. Nonhuman arbovi-
ral surveillance isperformedvariably across jurisdictions.Data
typically reported to ArboNET for nonhuman arboviral infec-
tions include species, state and county of collection, and
date of symptom onset or specimen collection.

Data analysis. We extracted human disease data, includ-
ing state and county of residence, age, sex, race, ethnicity,
clinical syndrome, date of illness onset, hospitalization, mor-
tality, nonhuman data on species type, and state and county
of collection. Categorical variables were described as counts
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and proportions, and continuous variables were described as
medians and ranges. We defined pediatric cases as those in
children and adolescents aged , 18 years. Incidence rates
were calculated using annual population estimates from the
U.S. Census Bureau and neuroinvasive disease case counts,
which are considered the most accurate indicator of LACV
activity in humans because of the associated morbidity.10

We analyzed data using Excel for Office 365 (Microsoft
Corp., Redmond, WA) and SAS statistical software version
9.4 (SAS Institute, Cary, NC). Maps were made using ArcGIS
version 10.7.1 (Esri, Redlands, CA).

RESULTS

During 2003–2019, 318 counties in 27 states reported
human or nonhuman LACV data to ArboNET. A total of
1,281 human LACV disease cases were reported, including
909 (71%) confirmed and 372 (29%) probable cases. Among
the1,281 total cases, 1,183 (92%)were neuroinvasivedisease
cases, and 98 (8%) were non-neuroinvasive disease cases.
The most common clinical syndromes were encephalitis
(N5 960; 75%) and meningitis (N5 219; 17%) (Table 1).
Human LACV disease cases were reported from 24 states.

Four states reported 80% of all cases: Ohio (N 5 340; 27%),
North Carolina (N 5 297; 23%), West Virginia (N 5 209;
16%), and Tennessee (N 5 184; 14%). In total, 302 counties
in these 24 states reported cases (Figure 1). Half of all cases
were reported from26 (9%)counties,whichwere inNorthCar-
olina, Ohio, Tennessee, and West Virginia, and 21% of cases
were reported from just five (2%) of counties, namely Bun-
combe,Transylvania, andJacksonCounties inNorthCarolina,
Knox County in Tennessee, and Raleigh county in West Vir-
ginia. Forty-two (3%) cases were reported as being acquired
out of state, including three that were the only cases reported
for that state (one fromNewYork and two fromRhode Island).
A median of 74 LACV disease cases (range: 35–130) were

reported per year (Figure 2). The highest numbers of cases
were reported in 2011 (N 5 130), 2003 (N 5 120), and 2004
(N 5 117). Cases occurred from March through December,
but 1,256 (98%) cases had onset of illness from June through
October, with a peak in August (Figure 3).
The median age of LACV disease patients was 8 years

(range: 1 month–95 years). Pediatric patients (aged , 18
years) made up 1,130 (88%) of those with LACV disease.
When divided into 5-year age groups, patients aged 6–10
years made up the highest proportion (37%) of all reported
LACV disease cases. Seven hundred fifty-four (59%) patients
were male. Of the 1,160 with known race, 1,092 (94%) were
white, and of the 924 with known ethnicity, 894 (97%) were
non-Hispanic or Latino.
Of the 1,160 (91%) of patients with a known hospitalization

status, 1,090 (94%) were hospitalized. The hospitalization
rate for those with neuroinvasive disease was 96% (1,030/
1,072), compared with 68% (60/88) for those with non-
neuroinvasive disease. Overall, there were 15 (1%) deaths;
all were patients with neuroinvasive disease and reported
clinical syndromes of encephalitis. The median age of
patients with a fatal outcome was 7 years (range: 4–86 years).
Case fatality ratios (CFRs) were 1.6% (12/754) for male
patients and 0.6% (3/526) for female patients. Nine (60%)
of the fatal cases were aged from 0 to 9 years, but the CFR
was highest for those aged $ 80 years (3/16; 19%).

For this 17-year period, the nationwide average annual inci-
dence of neuroinvasive LACV disease was 0.02 cases per
100,000 persons. Nationwide annual incidence was highest
in 2003, 2004, and 2011 (0.04 per 100,000) and lowest in
2009, 2016, and 2019 (0.01 per 100,000). The state with the
highest average annual incidence of neuroinvasive LACV dis-
easewasWest Virginia (0.61 cases per 100,000 persons); this
incidence was over three times higher than that in any of the
next highest incidence states, which were North Carolina
(0.18), Tennessee (0.17), and Ohio (0.16) (Figure 4). These
four states were consistently among the five states with the
highest annual neuroinvasive disease incidence, with the
exception of Tennessee, which had the sixth and seventh
highest state incidence in 2016 and 2005, respectively.
During 2003–2019, the nationwide average annual inci-

dence of pediatric neuroinvasive disease was 0.08 cases per
100,000 persons aged , 18 years. Nationwide annual inci-
dence of pediatric neuroinvasive LACV disease was highest
in 2011 (0.15 per 100,000 persons aged, 18 years) and low-
est in 2016 (0.03 per 100,000 persons aged , 18 years). The
state with the highest average annual incidence of pediatric

TABLE 1
Characteristics of La Crosse virus (LACV) disease cases, United

States, 2003–2019

Characteristics
LACV disease cases (N 5 1,281)

No. (%)

Age group (years)
0–9 766 (60)
10–19 370 (29)
20–29 26 (2)
30–39 19 (1)
40–49 19 (1)
50–59 21 (2)
60–69 20 (2)
70–79 23 (2)
$ 80 16 (1)
Unknown 1 (,1)

Sex
Male 754 (59)
Female 526 (41)
Unknown 1 (, 1)

Race
White 1,092 (85)
Black or African American 31 (2)
American Indian or Alaska Native 20 (2)
Other 17 (1)
Unknown 121 (9)

Ethnicity
Non-Hispanic or Latino 894 (70)
Hispanic or Latino 30 (2)
Unknown 357 (28)

Clinical syndrome
Encephalitis* 960 (75)
Meningitis 219 (17)
Other neuroinvasive 4 (, 1)
Non-neuroinvasive 98 (8)

Hospitalized
Yes 1,090 (85)
No 63 (5)
Unknown 128 (10)

Fatality
Yes 15 (1)
No 1,237 (97)
Unknown 29 (2)
* Includes encephalitis or meningoencephalitis.
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neuroinvasiveLACVdiseasewasWestVirginia (2.72casesper
100,000 persons aged, 18 years); this incidence was almost
four times higher than that in any of the next highest incidence
states, which were Tennessee (0.69), Ohio (0.66), and North
Carolina (0.59).
No animal LACV infections were reported during

2003–2019. A total of 55 LACV mosquito pool infections

were reported from 22 counties in nine states, namely Con-
necticut, Michigan, Minnesota, North Dakota, New Jersey,
New York, Ohio, Texas, and West Virginia (Supplemental
Table 1). Six (27%) of the 22 counties reported both human
disease cases and mosquito infections, and 16 (73%)
reported mosquito infections only. Of the 55 positive
pools, 31 (56%) were from West Virginia. Mosquito

FIGURE 1. Counties reporting human La Crosse virus disease cases, United States, 2003–2019. Cases are reported by county of residence. No
cases were reported from Hawaii or Alaska.

FIGURE 2. La Crosse virus disease cases by year of onset and clinical presentation, United States, 2003–2019.
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infections were reported in three states (Connecticut,
North Dakota, and New Jersey) that did not report human
disease cases, and from New York, which only reported
one human case that was acquired out of state. Infected
mosquitoes were collected from May through October,

with 47 (85%) collected from July through September. La
Crosse virus–positive pools were from at least seven mos-
quito species, including 40 (73%) from any Aedes species,
including 15 (27%) specifically reported as Aedes
triseriatus.

FIGURE 3. La Crosse virus disease cases by month of illness onset, United States, 2003–2019.

FIGURE4. Averageannual incidenceof neuroinvasiveLaCrossevirusdiseasebystate,UnitedStates, 2003–2019.Calculationsarebasedoncases’
states of residence. No cases were reported from Hawaii or Alaska.
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DISCUSSION

During the 17-year period from 2003 to 2019, LACV was an
important cause of pediatric neuroinvasive disease in the
United States. Among the 1,281 cases of human LACV dis-
ease reported to ArboNET, over 92%were neuroinvasive dis-
ease, and almost 90%were among persons aged, 18 years.
Most (80%) of LACV disease cases were residents of just four
states, includingOhio, NorthCarolina,West Virginia, and Ten-
nessee. Although most cases required hospitalization, the
overall case fatality rate was low.
The predominance of LACV disease cases in children and

adolescents is consistent with historical patterns of LACV dis-
ease; from 1972 to 1981, . 90% of reported California
serogroup encephalitis cases were in persons , 15 years of
age.3,11 The reasons for this predisposition are incompletely
characterized, but in vitro and animal model studies have
demonstrated that there are age-related differences in both
innate and adaptive immunity that might allow viral replication
and invasion of the central nervous system in younger individ-
uals.12,13 The high proportion of cases among children and
adolescents is unlike patterns observed with other arboviral
diseases in the United States. For example, only about 4%
of reported West Nile virus disease cases occur among chil-
dren.7 Because other common causes of pediatric viral
encephalitis, such as enterovirus and herpes simplex virus,
arenotnationally notifiable conditions, their national incidence
cannot be directly comparedwith that of LACV disease. How-
ever, in a review of 6,665 U.S. pediatric encephalitis andmen-
ingitis cases occurring during 2011–2014, arboviral etiologies
accounted for0.5%ofcases, comparedwith58.4%and1.5%
for enterovirus or herpes simplex viruses, respectively.14

The geographic distribution of reported LACV disease
cases likely reflects the distribution of suitable habitat for vec-
tors and amplifying host species.3 The distribution of reported
cases also might be influenced by differences in surveillance
activity, including clinician awareness and testing practices,
by jurisdiction. Additionally, it is thought that LACV transmis-
sion risk is highly focal,3,15,16 which is reflected in our finding
that 9% of the 302 counties that reported human LACV dis-
ease cases reported 50% of the disease cases. The reason
that Connecticut, North Dakota, New Jersey, and New York
reported LACV mosquito infections but not locally acquired
human disease cases is unknown. It might be because of lim-
ited human–mosquito interaction in the locations where the
infected mosquitoes were collected, insufficient human test-
ing practices, or differences in testing and reporting practices.
The CFR for LACV disease cases reported to ArboNET is

lower than for other neuroinvasive arboviral diseases.3 This
might reflect that a high proportion of reported LACV disease
cases are children,who have lowerCFRs formost arboviral dis-
eases. For West Nile virus neuroinvasive disease, which has a
higher proportion of reported cases among adults, the overall
CFR is about 9%. However, the CFR of the pediatric West
Nile virus neuroinvasive disease is 1%, which is similar to the
CFR for LACV disease.7,17 Additionally, evidence suggests
that only a narrow range of LACV lineage 1 genotypes are asso-
ciated with fatal outcomes. However, a comprehensive under-
standing of the reasons for the low LACV CFR is lacking.18,19

The findings in this review are subject to several limitations.
First, ArboNET is a passive surveillance system, and reporting
of LACV disease cases relies on clinician awareness and

recognition of potential cases, access to and performance of
the appropriatediagnostic test, andpositive results beingnoti-
fied to public health authorities. Therefore, diagnosis and
reporting are likely incomplete, and the incidence of LACVdis-
ease is likely underestimated, particularly for cases of non-
neuroinvasive disease because patients are less likely to pre-
sent formedical evaluation andmight not have theappropriate
testing performed given the nonspecific symptoms. The high
rate of hospitalization of almost 70% for patients with non-
neuroinvasive disease similarly suggests that more severe
casesmight bemore frequently diagnosed and reported. Sec-
ond, ArboNET does not require information regarding diag-
nostics performed for other arboviral diseases, and it cannot
be determined if all cases have had appropriate confirmatory
testing. Subsequently, there is the potential for misclassifica-
tion due to cross-reactivity with Jamestown Canyon virus,
another California serogroup arbovirus, particularly for proba-
ble cases where only IgM was detected and differential neu-
tralizingantibody testingwasnotperformed.20 Third, casedef-
initions used for surveillance have changed slightly during this
time period, which might affect comparability of cases
reported over time.9 Finally, nonhuman surveillance is highly
variable between jurisdictions, and mosquito and animal
data are reported voluntarily, limiting the ability to make con-
clusionsabout thesedataor tocomparebetween jurisdictions.
Because arboviral disease transmission depends on multi-

ple complex factors, including weather, zoonotic host and
vector abundance, and human behavior, it is very difficult to
explain or predict the number of LACVdisease cases reported
each year. This highlights the importanceof continued surveil-
lance to detect outbreaks and identify changing trends to
inform public health prevention efforts.
Persons, especially children, living in areaswhere LACVdis-

ease cases ormosquito infections have been reported should
take action to prevent mosquito bites, as this is the primary
means of preventing LACV infection. This includes using
insect repellent, wearing long-sleeved shirts and long pants
when outside, having intact screens on windows and doors,
using air conditioning, and eliminating mosquito breeding
sitesby removingoutdoor sourcesof standingwaterandfilling
tree holes. Insect repellents registered by the U.S. Environ-
mentalProtectionAgencyshouldalsobeusedas labeled, not-
ing that some repellents, such as oil of lemon eucalyptus and
paramenthane-diol, should not be used on children aged, 3
years.21 Healthcareproviders in areaswhere LACV is endemic
should consider LACV disease in patients with febrile illness,
meningitis, or encephalitis and a history of mosquito bites.
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