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Abstract. Eastern equine encephalitis virus (EEEV) is a mosquito-borne alphavirus found in the eastern United States.
Eastern equine encephalitis virus disease in humans is rare but can result in severe, often fatal, illness. This report
summarizes the national EEEV surveillance data for 2003 through 2016, including human disease cases and nonhuman
infections. Over the 14-year period, 633 counties from 33 states reported EEEV activity; 88% of those counties reported
EEEV activity only in nonhuman species. A total of 121 human cases of EEEV disease were reported, with a median of eight
cases reported annually. The national average annual incidence of EEEV neuroinvasive disease was 0.03 cases per million
population. States with the highest average annual incidence included New Hampshire, Massachusetts, Vermont, Maine,
and Alabama. Eastern equine encephalitis virus neuroinvasive disease incidence was highest among males and among
persons aged < 5 and > 60 years. Overall, 118 (98%) case patients were hospitalized and 50 (41%) died. The case fatality
ratio was highest among case patients aged > 70 years. Nonhuman surveillance data indicate that the geographic range of
EEEV is much greater than human cases alone might suggest. In areas where the virus circulates, health-care providers
should consider EEEV infection in the differential diagnosis for meningitis and encephalitis. Providers are encouraged to
report suspected cases to their public health department to facilitate diagnosis and consider interventions to mitigate the
risk of further transmission. Because human vaccines against EEEV are not available, prevention depends on community

efforts to reduce mosquito populations and personal protective measures to decrease exposure to mosquitoes.

INTRODUCTION

Eastern equine encephalitis virus (EEEV), a mosquito-borne
alphavirus, is one of the most severe arboviral encephalitides
in North America.! Eastern equine encephalitis virus is pri-
marily maintained in an enzootic cycle between birds and
Culiseta melanura mosquitoes, which breed in freshwater
hardwood swamp environments.? Spread of EEEV to mam-
mals typically requires bridging mosquitoes (e.g., Aedes or
Coquillettidia species) that feed on both birds and mammals. '+
There is some evidence that alternative enzootic and epizootic
cycles exist.>® Humans are considered dead-end hosts be-
cause they generally do not develop high enough viremialevels
to allow virus transmission to feeding mosquitoes.

Most persons infected with EEEV have no apparent iliness.”
An estimated < 5% of persons infected with EEEV develop
meningitis or encephalitis.>”” Systemic infection is character-
ized by acute onset of fever, chills, malaise, myalgia, and ar-
thralgia." Signs and symptoms in patients with neuroinvasive
disease include fever, headache, altered mental status, and
seizures.®'° Eastern equine encephalitis virus neuroinvasive
disease is estimated to have a 30% case fatality rate and results
in neurologic sequelae in more than 50% of survivors.®''~'3
Although veterinary EEEV vaccines are available for use in
horses, there are no licensed vaccines or effective treatment of
humans.

The first human EEEV disease cases were recognized dur-
ing a 1938 outbreak in southeastern Massachusetts.® Human
EEEV disease cases have occurred sporadically and in small
clusters, primarily along the Atlantic and Gulf coasts of the
United States.>'™'* The largest recorded EEEV outbreak
occurred in New Jersey in 1959, with 32 laboratory-confirmed
human cases during an 8-week period."" From 1997 through
2007, a median of eight neuroinvasive disease cases were
reported to the Centers for Disease Control and Prevention
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annually.'® This report summarizes the national EEEV sur-
veillance data for 2003 through 2016, including human dis-
ease cases and nonhuman infections.

MATERIALS AND METHODS

Data source and case definitions. EEEV disease is a na-
tionally notifiable condition. Since 2003, state health depart-
ments have reported arboviral disease cases, including EEEV
disease cases, to ArboNET, the national arboviral disease
surveillance system. Human disease cases are reported using
standard surveillance case definitions that include clinical and
laboratory criteria.'® All cases classified as confirmed and
probable by the reporting jurisdiction were included in this
analysis.

Data routinely collected in ArboNET for human disease
cases include patient age, sex, county and state of residence,
date of iliness onset, case status (e.g., confirmed or probable),
clinical syndrome (e.qg., febrile iliness, meningitis, encephalitis,
and acute flaccid paralysis), and outcomes (i.e., hospitaliza-
tion and fatality). Cases reported as meningitis, encephalitis,
acute flaccid paralysis, or other neurologic presentation are
classified as neuroinvasive disease; others are considered
non-neuroinvasive disease. In addition to data on human
disease cases, ArboNET collects data on veterinary disease
cases, and infections in mosquitoes, dead birds, and sentinel
animals (e.g., chicken flocks). Nonhuman arboviral surveil-
lance is voluntary and is performed variably across different
jurisdictions. Data typically reported to ArboNET for non-
human arboviral infections include species, state and county
of collection, and date of symptom onset or specimen
collection.

Data analysis. Categorical variables were summarized
using counts and proportions; continuous variables were
summarized by using median and interquartile range (IQR).
Descriptions of disease incidence include only neuroinvasive
disease cases because non-neuroinvasive disease cases are
likely underreported and reporting may be variable depending
on location and other factors. Average annual incidence rates
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Ficure 1. Counties reporting Eastern equine encephalitis virus activity to ArboNET, United States, 2003-2016. *Human disease cases reported

by state and county of residence.

were calculated using the 2010 U.S. Census Bureau data.'’
Statistical analyses were performed using SAS version 9.3
(SAS Institute, Cary, NC). Maps were generated using ArcGIS
version 10.3 (ESRI, Redlands, CA).

RESULTS

From 2003 through 2016, 633 (18%) counties from 33
(66 %) states reported EEEV activity in at least one species in
one or more years (Figure 1). Over the 14-year period, 559
(88%) of the 633 counties reported EEEV activity in only
nonhuman species (Figure 2). Veterinary disease cases were
reported from 582 counties in 31 states. Of the 3,112 veter-
inary cases reported, 3,016 (97 %) were equids, 12 (< 1%)
were camelids, 9 (< 1%) were canines, 6 (< 1%) were cervids,
and 69 (2%) were reported as other species. Mosquito
infections were reported from 122 counties in 23 states, dead
bird infections from 84 counties in 14 states, sentinel chicken
infections from 68 counties in eight states. Counties
reporting activity were located primarily along the Atlantic
and Gulf coasts; several counties bordering the Great Lakes
also reported activity. There was no evidence of EEEV
transmission in the western United States in the nonhuman
data.

Atotal of 121 human cases of EEEV disease were reported
from 74 counties in 20 states (Figure 1); of those, 119 (98%)
were classified as neuroinvasive disease and 2 (2%) as non-
neuroinvasive disease. Although there was one EEEV case
reported in a Montanaresident and one reported in a Missouri

resident, these persons acquired their infection during travel
to endemic areas. Of the 119 neuroinvasive disease cases,
110 (92%) were classified as encephalitis or meningoen-
cephalitis (Table). A median of eight cases were reported
annually (range 4-21 cases per year). Although cases
occurred throughout the year, 99 (82%) case patients had
illness onset during July through September (Figure 3).
Eighty-five (70%) case patients were male. The median age
was 52 years (IQR 13-68 years), but the majority of case
patients were aged < 20 years (N = 36, 30%) or > 60 years
(N = 46, 38%). Overall, 118 (98%) case patients were hospi-
talized and 50 (41%) were fatal. Fatal case patients were sig-
nificantly older than nonfatal case patients, with a median age
of 63 (IQR 40-78 years), compared with a median of 45 (IQR
11-60 years) (P = 0.01). The case fatality ratio was highest
among case patients aged > 70 years (21 of 28; 75%); the case
fatality ratio for case patients aged < 70 years was 31% (29
of 93).

Eastern equine encephalitis virus neuroinvasive disease
cases were reported from 20 states. Three states reported
approximately half (52%) of the cases: Massachusetts (24
cases), Florida (18), and New Hampshire (13). The national
average annual incidence of EEEV neuroinvasive disease
was 0.03 cases per million population (annual range
0.01-0.07 per million). States with the highest average an-
nual incidence included New Hampshire (0.82 per million
population), Massachusetts (0.31), Vermont (0.27), Maine
(0.13), and Alabama (0.12) (Figure 4). The average annual
incidence of EEEV neuroinvasive disease was two times
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Ficure 2. Counties reporting human Eastern equine encephalitis virus disease cases and nonhuman infections, by year, United States,

2003-2016.

higher among males (0.04 per million) than among females
(0.02 per million). Incidence was highest among persons
aged < 5 and > 60 years of age and lowest among those
aged 20-39 years (Figure 5).

DISCUSSION

Although EEEV disease continues to be a rare human dis-
ease in the United States, it can have considerable health and
economic consequences. In this surveillance data set, the
case fatality rate was 41%. Previous studies have estimated

TaBLE 1

Characteristics of reported Eastern equine encephalitis virus disease
cases, United States, 2003-2016

N =121
No. (%)
Male 85 (70)
Age group
< 1years 7 6)
1-19 years 29 (24)
20-39 years 9 7)
40-59 years 30 (25)
60-79 years 36 (80)
>80 years 10 8
Clinical syndrome
Encephalitis or meningoencephalitis 110 91)
Meningitis 6 5)
Other neuroinvasive presentation 3 )
Non-neuroinvasive 2 ()]
Hospitalization 118 (98)
Fatality 50 41)

that long-term neurologic sequelae occur in an estimated
50% of patients and, in one study, were projected to result in
lifetime expenses totaling nearly 3 million dollars per patient.'®

We report very similar findings to those presented in a
summary of EEEV neurologic disease in the United States
from 1999 to 2007, which includes 55 cases reported in this
summary.'® The common findings include an average an-
nual incidence of 0.03 per million population, a 2-fold higher
incidence among males, and a bi-modal age pattern. The
relatively high percentage of EEEV disease cases among
infants is a finding that has been previously reported and is
notably different than trends seen in other arboviral
diseases.® 2% The primary difference between the two
reports is the increased geographic range of human disease
cases; since 2007, human cases have been reported in
four additional states (Arkansas, Connecticut, Maine, and
Vermont).2'-24

The nonhuman surveillance data reported to ArboNET
indicate that the geographic range of the virus is much
greater than human data alone might suggest. It is unclear
why human disease has not been identified in these other
areas, but it is likely the ecologic conditions necessary for
EEEV to escape the enzootic cycle and enter the epizootic
cycle are not present in all locations. The lack of human
disease cases in some areas with reported nonhuman ac-
tivity could be related to diagnostic testing and surveillance
biases. If providers are not aware of virus circulation in
their area, they may not consider EEEV infection in their
differential diagnosis.

This report is subject to a few limitations. ArboNET is
a passive surveillance system. To be reported as a disease
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Ficure 4. Average annual incidence of Eastern equine encephalitis virus neuroinvasive disease reported to Centers for Disease Control and
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case, a patient must seek care, a clinician must request ap-
propriate diagnostic tests, and health-care providers and
laboratories must then report cases to public health
authorities. More than 90% of cases reported to national
surveillance had neurologic disease presentations. Patients
with less severe disease might not seek care or health-care
providers may not consider the diagnosis. Therefore, cases
reported to ArboNET likely underestimate the true incidence
of disease, overestimate the proportion of cases that are
neuroinvasive and fatal, and might not be representative of all
human disease. ArboNET does not require information about
clinical symptoms or laboratory findings; therefore, it is not
possible to confirm that reported cases meet the national case
definition. Finally, nonhuman surveillance data are reported
voluntarily and, therefore, may be more subject to variability in
reporting between jurisdictions.

In areas at risk for EEEV transmission, health-care providers
should consider EEEV infection in the differential diagnosis of
cases of aseptic meningitis and encephalitis and obtain ap-
propriate specimens for laboratory testing. Providers are en-
couraged to report suspected infections to their state or local
health department to facilitate diagnosis and to mitigate the risk
of further transmission. Because human vaccines against EEEV
are not available, prevention depends on community and
household efforts to reduce vector populations (e.g., applying
insecticides and reducing breeding sites) and personal

protective measures to decrease exposure to mosquitoes
(e.g., use of repellents and wearing protective clothing).
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