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A 63-year-old woman on rituximab maintenance for follicu-
lar lymphoma presented with headaches, vomiting, and fever, 
and was diagnosed with eastern equine encephalomyelitis by 
cerebrospinal fluid polymerase chain reaction. Eastern equine 
encephalomyelitis immunoglobulin (Ig)G/IgM remained neg-
ative due to rituximab treatment, and magnetic resonance 
imaging showed minimal abnormalities, making this a diagnos-
tically challenging case. Despite therapy with intravenous Ig, the 
patient rapidly declined and died on hospital day 12. Autopsy 
revealed perivascular and parenchymal chronic inflammation, 
with an absence of B lymphocytes, and virally infected neurons 
throughout the central nervous system.
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CASE REPORT
A 63-year-old woman from Massachusetts with signifi-
cant mosquito exposure due to lake proximity presented in 
September with 4 days of headaches, vomiting, and fever. The 
patient’s history was significant for follicular lymphoma, treated 
with R-CHOP (rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone) plus intrathecal methotrexate, 
with maintenance rituximab (most recent dose 3 months before 
presentation). On physical exam, the patient was febrile up to 
105.3°F. Neurologic exam revealed mild resistance to neck flex-
ion, marked inattention, bilateral upper extremity tremulous-
ness, and normal reflexes. Magnetic resonance imaging (MRI) 
showed subtle T2/fluid-attenuated inversion recovery (FLAIR) 

bilateral thalamic and basal ganglia hyperintensities (Figure 1). 
Cerebrospinal fluid (CSF) analysis demonstrated 530 white 
blood cells (63% neutrophils, 17% lymphocytes), 106.9 mg/dL 
protein, and CSF/serum glucose ratio 0.7.

Initial infectious workup, including CSF testing for eastern 
equine encephalitis virus (EEEV) antibodies and West Nile 
virus (WNV) antibodies and nucleic acid, was negative. Blood 
lymphocyte panel indicated an absence of B lymphocytes con-
sistent with rituximab treatment. Due to suspicion that the 
patient would not produce a detectable antibody response, CSF 
was retested for EEEV by qualitative reverse-transcription pol-
ymerase chain reaction (PCR) targeting the structural polypro-
tein coding sequence, performed at the William A. Hinton State 
Laboratory Institute, Department of Public Health (Boston, 
MA), which returned positive. The patient was empirically 
treated with vancomycin, ceftriaxone, ampicillin, acyclovir, and 
AmBisome, levetiracetam for temporal electrographic seizures, 
and 3  days of intravenous solumedrol followed by 4  days of 
intravenous immunoglobulins (IVIGs). She eventually required 
intubation for decreased oxygen saturation, experienced con-
tinued decline on examination, and died on hospital day 12.

At autopsy, gross examination revealed an edematous brain 
with Duret hemorrhages involving the tegmentum of the mid-
brain and upper pons. Microscopic examination showed collec-
tions of perivascular and parenchymal chronic inflammatory cells 
throughout the central nervous system and leptomeninges, com-
prised of CD3-positive T lymphocytes in the absence of B lympho-
cytes with minimal acute inflammation (Figure 2A–C). Activated 
microglia were present throughout. Patchy edema was observed 
with parenchymal vacuolation. Pyknotic, hypereosinophilic 
neurons were widespread. Arteriolosclerosis, but no evidence of 
arteritis or thrombosis, was identified. There was no evidence of 
involvement by hematologic malignancy; viral inclusions were not 
detected. Immunohistochemistry for EEEV was performed as pre-
viously described using eastern equine encephalomyelitis immune 
ascites fluid (V-515-701-562; American Type Culture Collection, 
Manassas, VA) [1]. Infected neurons were present throughout the 
brain in a patchy, perivascular pattern, particularly in ischemic 
areas of the cortex and thalamus, as well as the anterior horn of 
the spinal cord (Figure 2D–F). Specificity for EEEV was confirmed 
in the prior study by lack of staining of control brains with other 
forms of viral and nonviral encephalitis [1].

DISCUSSION

Eastern equine encephalitis virus is a single-stranded ribo-
nucleic acid virus (member of the Alphavirus genus in the 
Togaviridae family), transmitted by mosquitoes, that causes a 
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severe, often fatal, neurological illness [2]. An average of 6–8 
cases per year are reported in the United States, predominantly 
in the Atlantic and Gulf coasts and Great Lakes (8 cases reported 
in 2014) [3]. After a 4- to 10-day incubation period, a systemic 
illness occurs followed by encephalitis characterized by fever, 
headaches, vomiting, convulsions, and coma. Cerebrospinal 
fluid often shows neutrophilic pleocytosis and elevated protein 
levels. Diagnosis is typically made by detection of immuno-
globulin (Ig)M and neutralizing antibodies from serum or CSF, 

and occasionally by PCR. No vaccine is currently available, and 
treatment is supportive with case reports of successful recovery 
after IVIG [4–6].

Our remarkable case of EEE highlights the importance of con-
sidering host factors in pre-mortem diagnostic testing. Typical 
MRI findings in more traditional cases of EEE include T2/
FLAIR hyperintensities in the basal ganglia, thalamus, and cer-
ebral cortex; less commonly in the brainstem [1, 7]. In our case, 
the combination of nonspecific imaging findings was initially 
attributed to a toxic/metabolic process. The medical uncertainty 
was further exacerbated by negative serologies, which led to 
the implementation of ineffective treatments. Common histo-
pathologic findings of EEE include diffuse meningoencephalitis 
with acute and chronic perivascular and parenchymal inflam-
matory infiltrates, neuronal destruction, necrosis, gliosis, and 
vasculitis, involving the basal ganglia, thalamus, and cortex [7, 
8]. Involvement of the spinal cord is rare, and it may be indica-
tive of more severe disease. Although neutrophils were present 
in CSF samples, a prominent neutrophilic component was not 
observed in post-mortem brain tissue. The lack of this hallmark 
histologic feature may have further hindered making the diag-
nosis of EEEV had the pre-mortem testing remained negative, 
highlighting the need to account for the temporal sequence of 
events in interpreting diagnostic testing results.

Rituximab is a monoclonal anti-CD20 antibody that causes 
B-cell death, and it is increasingly used in the treatment of 

Figure 2. Immunohistochemistry depicting inflammatory reaction and eastern equine encephalitis virus (EEEV) in the central nervous system are depicted. Perivascular and 
parenchymal chronic inflammatory infiltrates in a section of frontal cortex (A), consisting predominantly of CD3+ T lymphocytes (B) with no CD79a+ B lymphocytes (C). The 
EEEV is shown in neuronal cytoplasm in cortex (D), thalamus (E), and anterior horn cells in the thoracic spinal cord (F). Original magnification, ×40 (E and F), ×100 (D), and ×200 
(A–C); hematoxylin and eosin stain (A); immunostains CD3 (B), CD79 (C), and EEEV (D–F).

Figure 1. Brain magnetic resonance imaging (MRI) findings are depicted. Axial 
T2/fluid-attenuated inversion recovery MRI showing subtle hyperintensities in the 
basal ganglia and thalamus bilaterally (A) and in ventral pons (B) on hospital day 4.
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hematologic malignancies and autoimmune diseases. A range 
of severe infections have been associated with rituximab 
treatment including reactivation of hepatitis B virus, reacti-
vation of JC virus leading to progressive multifocal leukoen-
cephalopathy, and enterovirus encephalitis [9]. No prior cases 
of EEE have been reported in patients treated with rituximab; 
however, several fatal cases of WNV meningoencephalitis 
have been described in the literature [10–13]. Similar to our 
patient, diagnosis of WNV was made by PCR in the setting of 
negative IgG/IgM serology due to a lack of antibody response, 
and no B cells were identified by immunohistochemical stain-
ing of autopsy brain tissue. In these rare cases, a high index of 
suspicion is required to make the correct diagnosis.

CONCLUSIONS

Eastern equine encephalitis virus is a neuroinvasive arboviral 
infection that requires a high degree of suspicion for efficient 
diagnosis and treatment. We report the first case of EEE in a 
patient on rituximab, which required PCR testing for diagnosis 
due to failure to produce detectable antibodies. This case illus-
trates the importance of considering host factors in iatrogeni-
cally immunocompromised patients.
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