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Abstract
Objective
To determine the clinical presentation and patient outcomes after treatment with IV immunoglobulin (IVIG), high-dose steroids, or standard of care alone in Eastern equine encephalitis
(EEE), a mosquito-borne viral infection with signiﬁcant neurologic morbidity and mortality.
Methods
A retrospective observational study of patients admitted to 2 tertiary academic medical centers
in Boston, Massachusetts, with EEE from 2005 to 2019.
Results
Of 17 patients (median [IQR] age, 63 [36–70] years; 10 (59%) male, and 16 (94%) White
race), 17 patients had fever (100%), 15 had encephalopathy (88%), and 12 had headache
(71%). Eleven of 14 patients with CSF cell count diﬀerential had a neutrophil predominance
(mean = 60.6% of white blood cells) with an elevated protein level (median [IQR], 100 mg/dL
[75–145]). Aﬀected neuroanatomic regions included the basal ganglia (n = 9/17), thalamus (n
= 7/17), and mesial temporal lobe (n = 7/17). A total of 11 patients (65%) received IVIG; 8
(47%) received steroids. Of the patients who received IVIG, increased time from hospital
admission to IVIG administration correlated with worse long-term disability as assessed by the
modiﬁed Rankin Scale (mRS) (r = 0.72, p = 0.02); steroid use was not associated with the mRS
score. The mortality was 12%.
Conclusions
Clinicians should suspect EEE in immunocompetent patients with early subcortical neuroimaging abnormalities and CSF neutrophilic predominance. This study suggests a lower
mortality than previously reported, but a high morbidity rate in EEE. IVIG as an adjunctive to
standard of care may be considered early during hospitalization.
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Glossary
AED = antiepileptic drug; EEE = Eastern equine encephalitis; EEEV = EEE virus; IgG/M = immunoglobulin G/M; IVIG = IV
immunoglobulin; WNV = West Nile virus.

Eastern equine encephalitis (EEE) is a mosquito-borne viral infection that can result in devastating neurologic disease. Although
EEE has likely existed for centuries,1 the ﬁrst signiﬁcant outbreak
in humans occurred in 1938.2 Since then, outbreaks have been
sporadic,3 with an average incidence of 8 cases per year in the
United States.4 In 2019, there were 37 conﬁrmed cases of EEE in
the United States and 12 in Massachusetts, with 15 deaths, making
this the largest outbreak since 1959.5 EEE virus (EEEV) is one of
the most virulent neurotropic viruses with an estimated 40%
mortality rate observed in the past 2 decades.4 Outbreaks before
1956 predominantly aﬀected the pediatric population, with 82%
of those infected younger than 18 years.6 In contrast, between
2003 and 2016, 63% of those aﬀected were older than 40 years.4
Although the majority of people infected with EEEV are suspected to be asymptomatic,7 the clinical presentation of symptomatic adults8 and children9 is characterized by acute onset of
fever, headache, nausea, and encephalopathy with variable
presence of meningismus, weakness, and seizure. Long-term
outcomes data in EEE are limited to the earlier outbreaks in
1938, 1955, and 1956 with mortality at follow-up at 68%.6 Of the
survivors, 69% had paralysis or cognitive impairment, with only
31% without a signiﬁcant impairment at follow-up.6,10 Longterm outcomes of pediatric EEE cases between 1970 and 2010
similarly demonstrated signiﬁcant disability in 64% of survivors
at follow-up.9 Notably, these survival and follow-up studies were
conducted before the regular use of IV immunoglobulin (IVIG)
in the treatment of EEE and other arboviral infections.8,11–13
There are no speciﬁc antiviral treatments for EEE, unlike other viral
encephalitides including herpes simplex virus, varicella zoster virus,
and cytomegalovirus.14 Case reports suggest possible beneﬁt from
treatment with IVIG or negative outcomes with high-dose steroids;
however, data are limited in EEE.15–18 IVIG has been trialed as a
treatment for West Nile virus (WNV) encephalitis and other related arboviral infections in small trials with inconclusive results
showing no clear beneﬁt on morbidity or mortality.11,12,19,20
The clinical, laboratory, and radiographic characteristics of EEE,
including treatment with IVIG and high-dose steroids, remain limited. Here, we describe 17 cases of EEE diagnosed in the northeast
over the past 15 years, including the most recent major outbreak in
2019. We also provide available data on postdischarge outcomes in
patients treated with IVIG or steroids in addition to standard of care.

Methods
Ethics
The study protocol was approved by the Partners Healthcare
Institutional Review Board of Massachusetts General
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Hospital and Brigham and Women’s Hospital (Protocol
2019P003215).
Patient identification
EEE cases were identiﬁed by searching the Partners Healthcare Research Patient Data Registry system using the International Classiﬁcation of Diseases (ICD) 9th and 10th edition
diagnostic codes for EEE (ICD-9: 0622 and ICD-10: A83.2).
Testing of patients for EEE was based on clinical suspicion for
encephalitis per practice guidelines from the Infectious Diseases Society of America.14 All patients deﬁnitively diagnosed
with EEE using the Massachusetts Department of Public
Health CSF immunoglobulin M/G (IgM/IgG) diagnostic
test (screening enzyme immunoassay [EIA] IgM speciﬁc for
EEE and WNV),21 with the exception of 1 patient on rituximab diagnosed by CSF EEEV PCR (PCR) targeted to the
structural polyprotein coding sequence, performed at the
William A. Hinton State Laboratory Institute, Department of
Public Health, Boston, MA). Although false-positive and
negative rates may vary with individual assays, enzyme-based
immunoassays for EEE have been reported to have a falsepositive rate of 5.6% and a false-negative rate of 0.7%.22
Positive samples were subsequently conﬁrmed by the plaque
reduction neutralization test. Patients evaluated at Massachusetts General Hospital or Brigham and Women’s Hospital between January 1, 2005, and January 1, 2020, were
included in the review.
Data collection and variables
Data on clinical presentation, laboratory values, MRI and EEG
studies, treatment, and outcomes were collected until a censoring date of January 1, 2020, and entered into a central HIPAAcomplaint database (REDCap). Prodromal period was deﬁned
as time from onset of symptoms typical for EEE, including fever,
altered mental status, and headache, to presentation to the
emergency department. The modiﬁed Rankin Scale (mRS)23
was retrospectively determined by 2 independent neurologists
(D.R.W. and S.S.M.) for the time points of presentation, discharge from the hospital, and last known follow-up. Treatment
groups were identiﬁed by patients who received IVIG or highdose steroids during hospitalization. High doses were deﬁned as
greater than 100 mg of prednisone equivalent per day.24,25
All available brain MRI studies were reviewed by 3 study
neurologists (F.J.M., D.R.W., and S.S.M.), or when unavailable, the radiologist reports were used. Neuroanatomic regions of involvement were determined by abnormal T2FLAIR hyperintensity. Regions of interest were determined a
priori based on published reports of EEE. Two study neurologists (D.R.W. and S.S.M) independently reviewed EEG
reports.
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Statistical analysis
All statistical analyses were performed and graphs created
using Prism by GraphPad (8) or R software (v. 3.6.1, Vienna,
Austria).26 Univariate analyses were performed for clinical
characteristics and laboratory values with mean averages and
SD reported. Comparative studies were performed using a
Spearman rho. A p value with a 2-tailed distribution was calculated with a level of signiﬁcance set at 0.05.
Data availability
Full anonymized data from this study are available on request
to any qualiﬁed investigator.

Results
Patient demographics
The median EEE patient age was 63 years (IQR = 36–70 years)
(table 1) with a bimodal distribution that included 3 pediatric
cases and an age range from 8 months to 78 years (ﬁgure e-1,
links.lww.com/NXI/A348). The cases spanned 5 states in the
Northeastern United States (table e-1, links.lww.com/NXI/
A348). Symptom onset occurred between July and September,
with the earliest symptom onset July 30 and the latest September
13. The majority (59%; 10/17) of cases had symptomatic onset
in August, with 35% of the remaining cases occurring in September. In 76% (13/17) of patients, there was an identiﬁable
outdoor and mosquito exposure before symptom onset, including outdoor work, hiking, camping, or outdoor school activities (table e-1, links.lww.com/NXI/A348). Sixteen patients
had no relevant medical history; 1 patient was immunosuppressed with rituximab (%CD19+ cell count = 0 during hospitalization) as maintenance therapy for non-Hodgkin lymphoma
and reported previously.27
Clinical presentation
Patients had fever (100%, average maximum temperature
39.4°C in adults, 39.7°C in children), altered mental status (n
= 15; 88%), and headache (n = 12; 71%) (table 1). The
average prodromal period from symptom onset to presentation was 3.4 days (SD = 3 days) (ﬁgure e-1, links.lww.
com/NXI/A348). The prodromal period ranged from 1 patient with rapid progression of symptoms over the course of 1
day to a maximum length of 9 days. In the emergency department, the majority of patients presented with neurologic
symptoms, including altered mental status in 88% and clinical
seizures (generalized tonic-clonic episodes) in 41% (n = 7).
When analyzed by age group, 100% of children had seizures at
presentation compared with 29% of adults. Classic signs
suggestive of meningitis, including neck stiﬀness and photophobia, were less common (n = 3, 18%).
Laboratory characteristics
Serum studies at presentation were characterized by a median
leukocytosis of 13,000 cells/mL3 (IQR = 8,000–16,000 cells),
low end of normal sodium levels (median = 135 mmol/L, IQR =
133–138 mmol/L), normal platelet counts (median = 187,000
Neurology.org/NN

cells/mL3, IQR = 158,000–236,000 cells/mL3), and normal
aspartate transaminase and alanine aminotransferase (table 1).
All patients had a lumbar puncture performed within 3 days of
presentation. The CSF was characterized by a pleocytosis with a
median white blood cell (WBC) count of 369 cells/mL3 (IQR =
185–831 cells/mL3) (table 1); the majority (n = 14; 82%) of
CSF samples contained less than 1,000 WBC/mL3 (ﬁgure 1A).
The median CSF WBC count in the 3 pediatric cases was 324
WBC/mL3 compared with 680 WBC/mL3 in adults. It is challenging to make deﬁnitive comparisons given the small sample
size, but consistent with historical data, there is no apparent
diﬀerence in CSF WBC count between children and adults.9
CSF protein was elevated to a median of 100 mg/dL (IQR =
75–145 mg/dL), and CSF glucose was normal (median = 65
mg/dL, IQR = 57–78 mg/dL) (ﬁgure 1, B and C). A total of
79% (n = 11/14 with diﬀerential) of patients had a neutrophilic
predominance (60.6% of WBC, SD = 22.8) in their CSF (ﬁgure
1D). Two patients had a repeat lumbar puncture within 1–3 days
of their initial lumbar puncture and showed a shift to an
increased lymphocyte fraction. During admission, 29% of patients developed myelosuppression with leukopenia (n = 1; 6%),
thrombocytopenia (n = 1; 6%), or both (n = 3; 18%).
Imaging studies
All patients had a brain MRI during admission, and 76% (n =
13) of patients received an MRI within 3 days of presentation.
Seventy-one percent of patients (n = 12) had at least 1 additional follow-up MRI during the course of their disease. All
patients had an abnormal MRI at presentation with the exception of the immunocompromised patient on rituximab;
details of this patient’s MRI have been previously reported.15
Typical MRI ﬁndings included T2-FLAIR hyperintense signal
in the bilateral basal ganglia, thalami, and mesial temporal
lobes (ﬁgure 2A). Figure 2B demonstrates representative
images of patients with mild (mRS 0–2), moderate (mRS
3–4), and severe (mRS 5–6) disability score at discharge.
Figure 2C demonstrates a representative T2-FLAIR MRI
evolution of an adult case (case 8) over the course of hospitalization. Seven cases had extension of T2-FLAIR hyperintensity into the midbrain and pons (ﬁgure 2D), whereas
only 1 patient had evidence of meningeal enhancement. In
addition to the thalamus, pediatric cases had involvement of
the cortex, a feature less commonly observed in adult patients
(100% of pediatric cases vs 29% of adults).
EEG findings
During hospital admission, all but 1 patient had an EEG
performed to evaluate for clinical and subclinical seizures. A
total of 41% of patients with EEE had electrographic seizures
during their admission as determined by EEG. The majority
(59%) of all patients had an abnormal EEG, including electrographic seizures (n = 5), occasional bursts of generalized
rhythmic delta activity (n = 2), generalized periodic discharges (n = 2), periodic lateralized epileptiform discharges
(n = 2), periodic sharp waves (n = 4), and patterns typical of
encephalopathy including diﬀuse delta and theta frequency
slowing (n = 12).

Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 1 | January 2021

3

Table 1 Demographics, clinical characteristics, laboratory data, and outcomes in patients with Eastern equine
encephalitis
Overall prevalence (n = 17)

Received IVIG (n = 11)

Did not receive IVIG (n = 6)

63 [36–70]

63 [52–72]

44 [22–61]

White

16 (94)

11 (100)

5 (83)

Hispanic

1 (6)

0 (0)

1 (6)

Male

10 (59)

6 (55)

4 (67)

Female

7 (41)

5 (46)

2 (33)

Fever

17 (100)

11 (100)

6 (100)

Altered mental status

15 (88)

10 (91)

5 (83)

Headache

12 (71)

7 (64)

5 (83)

Photophobia

3 (18)

1 (9)

2 (33)

Neck stiffness

3 (18)

2 (18)

1 (17)

Nausea

5 (29)

2 (18)

3 (50)

Vomiting

6 (35)

2 (18)

4 (67)

Abdominal pain

3 (18)

0 (0)

3 (50)

Respiratory symptoms

2 (12)

1 (9)

1 (17)

Tremor

6 (35)

6 (55)

0 (0)

Seizures

7 (41)

5 (46)

2 (33)

Abnormal EEG

10 (59)

7 (64)

3 (50)

Prodrome, days, mean (range)

3 (0–9)

3 (0–7)

3 (0–9)

CSF WBC, cells, uL

369 [185–831]

369 [177–860]

529 [171–1,152]

CSF glucose, mg/dL

65 [57–78]

65 [55–79]

66 [58–92]

CSF total protein, mg/dL

100 [75–145]

113 [80–149]

80 [73–152]

Serum WBC, K/uL

13 [8–16]

13 [7–16]

11 [9–17]

Sodium, mmol/L

135 [133–138]

135 [132–138]

136 [134–139]

Platelets, K/uL

187 [158–236]

171 [142–217]

215 [174–252]

ALT, U/L

22 [16–57]

22 [19–57]

18 [13–137]

AST, U/L

36 [19–70]

26 [24–73]

37 [11–68]

Alk Phos, U/L

59 [50–68]

62 [45–69]

54 [49–77]

Hospital LOS

18 (5–38)

18 (6–38)

16 (5–35)

ICU LOS

10 (0–34)

12 (1–34)

5 (0–14)

Survival

15 (88)

9 (82)

6 (100)

Death

2 (12)

2 (18)

0 (0)

Demographics
Age, years (median [IQR])
Race, n (%)

Sex, n (%)

Clinical characteristics (n (%))

Laboratory characteristics (median [IQR])

Length of stay, days (median (range))

Outcomes, n (%)

Continued
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Table 1 Demographics, clinical characteristics, laboratory data, and outcomes in patients with Eastern equine encephalitis
(continued)
Overall prevalence (n = 17)

Received IVIG (n = 11)

Did not receive IVIG (n = 6)

Admission mRS

4 (1–5)

4 (1–5)

4 (1–5)

Discharge mRS

4 (1–6)

4 (1–6)

4 (1–5)

Follow-up mRS

3 (0–6)

3 (1–6)

1 (0–4)

mRS, median (range)

Abbreviations: ALT = alanine aminotransferase; AST = aspartate transaminase; EEE = Eastern equine encephalitis; ICU = intensive care unit; IVIG = IV
immunoglobulin; LOS = length of stay; mRS = modified Rankin Scale; WBC = white blood cell.
Demographic data were collected for all patients with confirmed EEE. Altered mental status included any description of encephalopathy, confusion, or
difficulty with attention. Seizures were defined as clinical events with a high degree of suspicion to be true seizures and were entirely comprised of generalized
tonic-clonic seizures. High-dose steroids included methylprednisolone and dexamethasone. The typical dose used in the treatment of adult patients was 0.4 g
of IVIG per kilogram of patient body weight for a duration of 5 days; 1 adult patient received 1g/kg IVIG for 2 days. One pediatric case (case 13) received an
initial loading dose of 2g/kg IVIG for 1 day, followed by 1 day of 0.5 mg/kg, and the dose was not reported in the other case (case 16).

IV immunoglobulin and high-dose steroids
Of the patients in this cohort, 65% (n = 11) received IVIG as part
of their treatment plan for EEE (table 1). The average time to
IVIG treatment was 5 days (range 2–8 days), and the average time
to steroid treatment was 7 days (range 3–27 days). Approximately
half of patients (n = 6; 35%) who received IVIG also received
high-dose steroids, and 12% (n = 2) received steroids alone.

Outcomes
The overall mortality in patients with EEE in this study during
hospitalization was 12% (table 1), lower than historical
reports.4,6,8 Twelve of the 15 patients who survived EEE had
available follow-up clinical data. The median follow-up time
was 138 days after initial presentation (range 14–1,586 days).
No patients had a reported disability before symptom onset.

Figure 1 Laboratory characteristics: CSF and serum studies in patients with Eastern equine encephalitis

Case number vs units of white blood cells (A), protein (B), and glucose (C) in the CSF of patients with EEE. CSF WBC differential (D) for patients with EEE with
available data. EEE = Eastern equine encephalitis.

Neurology.org/NN
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Figure 2 Imaging characteristics: typical pattern of MRI involvement and affected neuroanatomic regions in patients with
Eastern equine encephalitis

All images displayed are the T2-FLAIR sequence. (A) Representative images of pattern of typical neuroanatomic region involved in 1 patient with demonstrated involvement of the temporal lobe and pons, temporal lobe and midbrain, and basal ganglia by T2-FLAIR hyperintensity (panels left to right). (B)
Representative images of patients with mild (mRS 0–2), moderate (mRS 3–4), and severe (mRS 5–6) disability score at discharge. (C) Representative images of 1
patient over course of hospitalization at days 1, 4, and 10 after admission. (D) Quantification of neuroanatomic region involvement in initial MRI of patients
with EEE as determined by T2-FLAIR hyperintensity. An area was scored as abnormal only once per patient. EEE = Eastern equine encephalitis.

On average, patients presented to the hospital with moderately severe disability (mRS 3.8) and were discharged without
a clinically meaningful change in scores (mRS 3.6) (ﬁgure
3A). Seventy-one percent of patients (n = 12) were discharged to an acute inpatient rehabilitation center, 1 patient
who was immunosuppressed (6%) died while hospitalized, 1
patient (6%) was discharged to hospice care and died, and the
remainder (n = 3; 18%) were discharged home without requiring any at-home services. Among those with available
follow-up by chart review, there was a reduction in the median
mRS compared with discharge mRS (follow-up mRS 3, IQR =
0–6 vs discharge mRS 4, IQR = 1–6) (ﬁgure 3A). Long-term
management with antiepileptic drugs (AEDs) at follow-up
was necessary in 2 of 3 children (67%) and no adult patients.
We were interested to determine whether there was a correlation
between discharge or follow-up mRS and time to IVIG administration among treated individuals (ﬁgure 3, B and C). Admission mRS before treatment did not correlate with time to IVIG
administration, indicating that the severity of neurologic disease
did not aﬀect the time to IVIG initiation (ﬁgure e-2A, links.lww.
com/NXI/A348), and the median baseline mRS among patients
who received IVIG and those who did not receive IVIG was
similar. In contrast, time to IVIG administration correlated with
mRS scores at discharge and follow-up (ﬁgure 3, B and C). This
6

trend held true when the immunocompromised patient was
excluded. There was no correlation between admission, discharge, or follow-up mRS and time to steroid administration
(ﬁgure e-2, links.lww.com/NXI/A348). Six patients did not receive immunomodulatory therapy, making comparisons between IVIG and standard of care challenging.
Although the overall number of patients is not large enough to
determine a clear relationship between radiographic ﬁndings and
disability score, patients with more neuroanatomic regions affected at presentation tended to have worse disability at discharge
and follow-up (ﬁgure e-3, links.lww.com/NXI/A348). Outliers
include the patient (case 5) who had an unremarkable MRI at
presentation, was on rituximab, and ultimately died. The patient
(case 16) with 4 neuroanatomic regions aﬀected and admission
mRS 4 had low follow-up mRS 1 and was a pediatric case.
Follow-up clinical visits for patients who survived EEE were
reviewed to understand the long-term disability among survivors and the typical pattern of disability. Patients with ongoing disability at follow-up (11/12 with available data)
commonly had clinical evidence of cognitive or memory impairment, increased muscle tone in the extremities, and
spasticity. Thirty-three percent (n = 4) had diﬃculty in language, ranging from decreased spontaneous speech to global
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Figure 3 Outcomes in patients with Eastern equine encephalitis

Patient disability by modified Rankin Scale (mRS) of patients with EEE at admission to the hospital, discharge from the hospital, and last recorded follow-up (A).
Time to IVIG administration compared with mRS at discharge (B) and most recent clinical follow-up (C). Comparative studies were performed using a
Spearman rho and a p value with a 2-tailed distribution. EEE = Eastern equine encephalitis; IVIG = IV immunoglobulin.

aphasia with no language understanding or production. Eight
patients (67%) regained ability to participate in the activities
of daily living. Only 1 patient (case 12) with an admission
mRS of 1 had no disability at follow-up. It is diﬃcult to be
certain if IVIG had any impact on the natural history of EEE as
only 8 patients were in the treatment group and there is no
matched control group by age or severity of illness.

Discussion
This study is a case series detailing clinical, laboratory, radiographic, and patient outcomes with use of IVIG for oﬀlabel treatment of EEE. The overall mortality in this population was 12%, compared with past studies, which estimated
the mortality from EEE to be approximately 40%, including a
prior case series from New England.8 This diﬀerence in
mortality is likely multifactorial, including improvements in
standard care modalities and possibly increased EEE CSF
testing to identify less severe cases.
The clinical presentation and epidemiology of EEE patients in this
study closely reﬂects prior studies, with a presentation characterized by fever, headache, and encephalopathy in an endemic
region.1,4,8 No cases presented later than mid-September, and
patients had a maximum prodrome length of 9 days, an important
consideration when evaluating patients for possible EEE. The
seasonal timeline of cases is also consistent with the Massachusetts
Department of Public Health mosquito surveillance data, with the
latest EEE positive mosquito vector on October 3 in the most
recent 2019 outbreak.28 Unlike some opportunistic viral CNS
infections, including cytomegalovirus, human herpes virus 6, and
JC virus, the majority of EEE patients were healthy immunocompetent adults, and only 1 patient in this study was immunocompromised. The age distribution of EEE cases was bimodal
with a cluster of pediatric cases and most adult cases occurring in
patients older than 60 years. This possibly reﬂects age-dependent
changes in the CNS immune response leading to increased susceptibility and severity of disease in children and older adults.29–31
Neurology.org/NN

Unlike other viral encephalitides typically characterized by a
lymphocytic predominance in the CSF,32 including herpesviruses and enteroviruses, the majority (79%) of patients with
EEE had an initial neutrophilic predominance, consistent with
prior studies.33 These data reﬂect preclinical models and
pathologic studies of EEE34,35 and suggest that patients have a
robust early neutrophilic innate immune response to EEEV,
which later develops into a lymphocyte-predominant adaptive
response. Why some viruses initiate a neutrophilic response
early in infection while others are lymphocyte predominant is
likely the result of multiple complex host-pathogen interactions, including viral evasion of the early innate response,
generation of pathogen-speciﬁc T cells, and correlation between a patient’s clinical presentation and viral replication in
the brain.36,37
The neuroanatomic distribution of EEE pathology seen on
MRI reﬂects a viral predilection for the basal ganglia, thalamus, and mesial temporal lobe. Although other etiologies of
viral encephalitis aﬀect the mesial temporal lobe, namely HSV
encephalitis,38 EEEV also has characteristic involvement of
deep basal ganglia and thalamic structures.8 Of interest, children in this study had more cortical involvement compared
with adults, which was also seen in a large review of pediatric
cases.9 Preclinical studies in other CNS arboviral infections
suggest that tropism may be driven by region-dependent
immune responses resulting in diﬀerential susceptibility
within the brain.39 Although there are no standardized MRI
scoring systems for CNS infections, comparing the MRI at
admission to the long-term disability score, there is a trend
toward more neuroanatomic regions involved relating to
worse disability at follow-up.
The theoretical beneﬁt from IVIG is thought to be due to antibody neutralization of virus particles and IgG suppression of
immune function. The inﬂuence of IVIG on the immune response may occur partly through inhibition of macrophage activity, disruption of T-cell interactions with antigen-presenting
cells, and downregulation of B-cell proliferation and endogenous
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antibody production.40 Although there was a positive correlation
between time to IVIG administration and disability score at
follow-up, which could suggest that early IVIG administration
decreases long-term disability, we interpret these data with
caution. Conclusions regarding the utility of IVIG in the treatment of EEE are limited by the relatively small size of the sample
population and inability to control for relevant patient factors
including age, sex, and disease severity. At this time, it is only
speculative that earlier initiation of IVIG may be associated with
a reduction in disability and would require a prospective study or
clinical trial. High-dose steroids did not correlate with disability
in this study.
Of interest, all patients with the exception of case 4 (adult)
and case 5 (immunosuppressed) had improvement in their
mRS between admission and follow-up, regardless of steroid
and IVIG intervention. In addition, these data demonstrate
that despite almost half of patients with EEE experiencing
seizures at presentation or during admission, no adult patients
went on to require long-term management with AEDs. This
may be related to the primarily basal ganglia and thalamic
location of pathology in EEE compared with other etiologies
of viral encephalitis, such as herpes simplex virus, which
typically have cortical involvement and high rates of postviral
epilepsy.41 In contrast to adults with EEE, children in this
study had higher rates of cortical involvement, and the majority (67%) required long-term management with AEDs.
This study is limited by its retrospective nature and reliance
on electronic medical record for the collection of data
throughout the disease course. Patients were not randomized
to receive IVIG or steroids, and the factors that went into
treatment decisions were not clear in the medical notes. The
study is also limited by the small number of patients, which is
driven by the rarity of EEE resulting in neurologic complications requiring hospitalization, typically considered to be
approximately 5% of all people infected with EEEV. It is likely
that as testing becomes more frequent, there will be a larger
portion of mildly symptomatic and asymptomatic patients
identiﬁed, similar to other arboviral infections including
WNV.42 Of interest, the mortality rate in our study was low
(12%) despite most patients being transferred to tertiary
hospitals for advanced care, which typically occurs in more
severe cases, and can constitute referral bias. Although a
prospective study of EEE with larger samples sizes would
reduce some of these limitations, the rarity of this disease
makes prospective studies challenging to perform.
This study, despite the challenges with its retrospective nature, suggests that any immunomodulator trials will need to
consider early intervention in trial designs and possibly be
aided by biomarkers such as neuroimaging. Irrespective of
intervention, there was minimal change from admission mRS
to discharge mRS in immunocompetent adults, which suggests that preventive measures to reduce EEEV transmission
will provide the most beneﬁt in endemic areas in the absence
of an eﬀective vaccine or targeted antiviral therapy.
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