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Summary: We describe the first reported transmission of eastern equine encephalitis virus (EEEV) 

infection through solid organ transplantation.  The organ donor was likely infected with EEEV via 

mosquito-borne transmission. Clinicians should be aware of EEEV as a cause of transplant-associated 

encephalitis.  

 

The findings of this investigation were presented in part at the 67
th
 Annual Epidemic Intelligence Service 

Conference in Atlanta, GA on April 17, 2018. 
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Abstract 

Background 

In fall 2017, three solid organ transplant recipients from a common donor developed encephalitis within 

one week of transplantation, prompting suspicion of transplant-transmitted infection. Eastern equine 

encephalitis virus (EEEV) infection was identified during testing of endomyocardial tissue from the heart 

recipient. 

Methods 

We reviewed medical records of the organ donor and transplant recipients and tested serum, whole blood, 

cerebrospinal fluid, and tissue from the donor and recipients for evidence of EEEV infection by multiple 

assays. We investigated blood transfusion as a possible source of organ donor infection by testing 

remaining components and serum specimens from blood donors. We reviewed data from the pre-

transplant organ donor evaluation and local EEEV surveillance. 

Results 

We found laboratory evidence of recent EEEV infection in all organ recipients and the common donor. 

Serum collected from the organ donor upon hospital admission tested negative, but subsequent samples 

obtained prior to organ recovery were positive for EEEV RNA. There was no evidence of EEEV infection 

among donors of the eight blood products transfused into the organ donor or in products derived from 

these donations. Veterinary and mosquito surveillance showed recent EEEV activity in counties nearby 

the organ donor’s county of residence. Neuroinvasive EEEV infection directly contributed to the death of 

one organ recipient and likely contributed to death in another.  

Conclusions 

Our investigation demonstrated EEEV transmission through solid organ transplantation. Mosquito-borne 

transmission of EEEV to the organ donor was the likely source of infection. Clinicians should be aware of 

EEEV as a cause of transplant-associated encephalitis. 
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Eastern equine encephalitis virus (EEEV) is an arbovirus of the genus Alphavirus, family Togaviridae. 

The virus cycles between Culiseta melanura mosquitoes and birds residing in freshwater hardwood 

swamps; incidental transmission to other vertebrate species occurs through bridging vectors such as 

Coquillettidia and Aedes species mosquitoes [1-3]. Human cases occur sporadically or in small outbreaks, 

usually within close proximity to swamps or marshlands in the eastern United States [1, 2, 4]. While rare, 

EEEV causes one of the most severe arboviral diseases in North America, with approximately 30% 

fatality among reported cases [4-9].  

EEEV disease in humans is a nationally-notifiable condition in the United States. State health 

departments report cases to ArboNET, the national arboviral disease surveillance system, using 

standardized case definitions [10]. From 2003–2016, a median of eight EEEV human neuroinvasive 

disease cases were reported annually [9]. Human disease cases were reported from 20 states, 

predominantly along the Atlantic and Gulf coasts. Non-human arboviral surveillance varies by 

jurisdiction, and reporting is voluntary.  

While transplant and transfusion transmission of other arboviruses has been documented [11-15], 

to our knowledge, these modes of transmission have not been reported for EEEV. In fall 2017, three 

organ transplant recipients from a single donor developed fever and encephalitis approximately one week 

following transplantation. After initial testing for other infectious causes of encephalitis, EEEV 

transmission through organ transplantation was identified. We describe the investigation of these cases. 

 

Methods 

Investigation of the Organ Donor and Organ Transplant Recipients  
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Recognition of encephalitis in liver and lung recipients transplanted at the same center and from a 

common donor raised immediate concern for donor-derived infection. Medical personnel from this center 

contacted the organ procurement organization (OPO) to identify all organs and tissues recovered from the 

donor. The heart transplant recipient, who also had symptoms of encephalitis, was identified at another 

institution. Medical records and results of a pre-transplant interview with the organ donor’s family were 

reviewed to identify any preceding febrile or neurologic illness and potential sources of pathogen 

exposure.  Specific dates and locations are not provided in patient descriptions in order to maintain 

privacy. 

As part of the investigation for causes of transplant-transmitted encephalitis, formalin-fixed 

paraffin-embedded (FFPE) tissue was obtained from a routine post-transplant endomyocardial biopsy 

from the heart recipient and tested at the Centers for Disease Control and Prevention (CDC) by 

immunohistochemical (IHC) staining for Toxoplasma gondii, microsporidia, flaviviruses, herpes viruses, 

and rabies virus. Histopathologic findings in the tissue prompted further testing for EEEV by IHC and 

EEEV-specific reverse-transcriptase polymerase chain reaction (RT-PCR) assay to detect ribonucleic acid 

(RNA), followed by sequencing of PCR amplicons to confirm infection. Serum, whole blood, and 

cerebrospinal fluid (CSF) from all three organ transplant recipients were tested for evidence of EEEV 

infection using enzyme immunoassay (EIA) to detect immunoglobulin M (IgM) antibodies, plaque 

reduction neutralization test (PRNT) to confirm EEEV-specific neutralizing antibodies, and RT-PCR for 

RNA. Stored donor serum was tested for EEEV using both IgM EIA and RT-PCR, and a lymph node 

aspirate obtained for human leukocyte antigen typing was tested by IgM EIA and RT-PCR.  

 

Investigation of the Source of Organ Donor EEEV Infection 

We reviewed records of blood products received by the organ donor and identified the blood donors, 

other products derived from these donations (“co-components”), and recipients of transfused co-

components.  All remaining blood products available for retrieval, including samples from tubing 
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attached to the original collection bag of transfused units (“retention segments”), and co-components were 

tested for EEEV IgM antibodies by EIA and RNA by RT-PCR. The blood supplier and local health 

departments contacted all respective blood donors; donors were asked about the presence of signs and 

symptoms consistent with EEEV infection and were offered follow up EEEV testing. We also reviewed 

human and non-human EEEV surveillance data reported by state health departments to ArboNET from 

within and around the organ donor’s county of residence in 2017. 

 

Results 

Organ Donor 

A woman in her 40s with a history of hypertension and stroke was emergently admitted to a hospital in 

fall 2017 after sustaining a gunshot wound to the head; she progressed to brain death by hospital day one. 

Three organs (heart, liver, lungs) were recovered on day three of hospitalization after she received eight 

units of blood components. The donor’s family reported no recent febrile illness or neurologic symptoms. 

Standard laboratory screening for infectious pathogens conducted by the OPO prior to organ procurement 

revealed no evidence of active infection. Stored serum obtained on hospital day one, after transfusion of 

six units of blood components, showed no detectable EEEV RNA or IgM antibodies (Table 1). However, 

serum samples obtained on days two and three had detectable EEEV RNA but no EEEV IgM antibodies. 

A lymph node aspirate obtained prior to the transplant showed no evidence of EEEV infection.  

 

Heart Recipient 

A woman in her 40s with a history of breast cancer complicated by non-ischemic cardiomyopathy related 

to doxorubicin toxicity underwent orthotopic heart transplantation in fall 2017 from the common donor. 

Seven days after transplantation, she developed headache, hypotension, persistent fever, and progressive 

altered mental status (Figure 1). On the same day, prior to the onset of symptoms, an endomyocardial 

biopsy was performed according to routine protocol; the tissue revealed multiple foci of myocyte necrosis 
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(Figure 2).  EEEV antigens were detected by IHC in the tissue, and RT-PCR and sequencing of positive 

amplicons confirmed the presence of EEEV RNA (Table 1). Testing of the tissue for other encephalitic 

pathogens was negative.  CSF obtained nine days after transplantation revealed a neutrophilic pleocytosis 

(Table 2) and was positive for EEEV IgM and neutralizing antibodies but negative for EEEV RNA. 

Serum was negative for EEEV RNA and IgM antibodies but had detectable EEEV neutralizing 

antibodies. Magnetic resonance imaging (MRI) of the brain 11 days after transplantation demonstrated 

patchy T2-weighted and fluid-attenuated inversion recovery (T2/FLAIR) signal abnormality and edema 

involving the bilateral basal ganglia, thalami, and brainstem. She received multiple courses of intravenous 

immunoglobulin (IVIG) dosed at 0.4 g/kg/day and tapering doses of methylprednisolone for fevers and 

altered mental status. Serum collected 24 days after transplantation was positive for EEEV IgM and 

neutralizing antibodies. She had slow neurologic recovery but was eventually able to speak and 

participate in physical therapy; however, a subsequent endomyocardial biopsy demonstrated myocardial 

inflammation and necrosis consistent with either acute cellular rejection of the cardiac allograft or 

myocarditis. Despite treatment with antithymocyte globulin and methylprednisolone, she continued to 

have progressive heart failure and developed tachyarrhythmias related to ongoing myocardial injury. 

Multiple endomyocardial biopsies obtained over the course of six weeks showed persistent foci of 

myocyte necrosis with minimal neutrophilic and mononuclear infiltration.  EEEV antigen and RNA 

remained detectable in the biopsies; however, no virions were observed on electron microscopy. The 

patient received three additional five-day courses of IVIG and methylprednisolone, but her graft failure 

progressed. She was transferred to another hospital three months after transplantation for evaluation of 

total artificial heart placement as a bridge to retransplantation. She subsequently developed sepsis due to 

possible intestinal perforation and was placed on extracorporeal membrane oxygenation but died 

approximately four months after transplantation. 

 

Liver Recipient 
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A woman in her 40s with a history of autoimmune hepatitis and chronic pancytopenia underwent initial 

orthotopic liver transplantation (OLT) in 2015. Her course was complicated by acute cellular rejection 

and recurrence of autoimmune hepatitis, and she underwent second OLT from the common donor in fall 

2017. One day after transplantation, she developed fevers to 40
o
C despite broad-spectrum antimicrobials, 

and five days later, she experienced confusion, which progressed to obtundation requiring intubation 

(Figure 1). MRI of the brain seven days after transplantation demonstrated non-enhancing lesions with 

restricted diffusion in the anterior bilateral medial temporal lobes, thalami, and basal ganglia; by ten days 

after transplantation, these lesions had progressed to involve the left caudate nucleus, hippocampi, 

midbrain, and cerebellum (Figure 3). CSF obtained eight days after transplantation showed a monocytic 

pleocytosis (Table 2) with detectable EEEV IgM antibodies but not EEEV RNA (Table 1). Serum was 

positive for EEEV IgM and neutralizing antibodies, and EEEV RNA was detected in whole blood. The 

patient received five days of IVIG (0.4 g/kg/day) and defervesced. She displayed minimal neurologic 

recovery, and her course was further complicated by chronic respiratory failure and suspected post-viral 

central nervous system or cerebral vasculitis (Figure 4), for which she underwent five rounds of 

plasmapheresis. Given her poor neurologic prognosis, care was withdrawn, and the patient died three 

months after transplantation.  

  

Lung Recipient 

A woman in her 50s with end-stage chronic obstructive pulmonary disease underwent bilateral lung 

transplantation from the common donor. Her post-operative course was notable for persistent neutrophilic 

leukocytosis. Seven days after transplantation, she developed fever (38.1
o
C) accompanied by altered 

mental status with an inability to follow commands (Figure 1). The following day, she demonstrated 

progressive altered mental status with a left-sided gaze preference and myoclonus, requiring endotracheal 

intubation for airway protection. Brain MRI performed 12 days after transplantation showed multifocal 

signals involving the brainstem, bilateral deep gray matter, bilateral hippocampi and medial temporal 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy923/5146011 by guest on 08 N

ovem
ber 2018



 

Page 10 of 34 

 

lobes, and left periatrial white matter concerning for meningoencephalitis on T2/FLAIR images. CSF 

obtained nine days after transplantation revealed a monocytic pleocytosis (Table 2), but limited sample 

volume precluded EEEV testing. A serum sample collected 11 days after transplantation was positive for 

EEEV IgM and neutralizing antibodies (Table 1). EEEV RNA was detected in whole blood. The patient 

received five days of IVIG (0.4 g/kg/day) and defervesced. Her course was further complicated by 

chronic respiratory failure requiring tracheostomy placement. Her neurological condition improved, and 

while left with a residual tremor, she was cognitively intact and began ambulating with physical therapy 

three months following transplantation.  

 

Evaluation of the Source of Organ Donor EEEV Infection 

The organ donor received three units of packed red blood cells, four units of fresh frozen plasma, and one 

unit of platelets from eight donors prior to organ recovery. Eighteen components were derived from the 

eight donors; eight components were transfused into the organ donor, three were transfused into other 

individuals, three were retrieved for EEEV testing, and four were discarded or unavailable. Retention 

segments of four transfused red blood cell components, three to the organ donor and one to another 

patient, were also retrieved for testing. Of the three recipients of co-components, two were discharged 

without symptoms and one died of underlying malignancy with no reported symptoms of encephalitis. 

Five of the blood donors responded to interview by the blood supplier and reported no febrile illness 

during the two weeks following donation. Four of the blood donors provided follow-up serum specimens. 

There was no evidence of EEEV infection in the eight donors by molecular and serologic testing of at 

least one donated component (n=4), serologic testing of a convalescent specimen (n=3), or both (n=1).  

No recent human cases of EEEV disease in or around the donor’s county of residence were 

reported to ArboNET. However, EEEV disease cases in horses and one positive mosquito pool were 

identified in nearby counties within an approximate 75 mile radius in the three months prior to her death 

[16].  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy923/5146011 by guest on 08 N

ovem
ber 2018



 

Page 11 of 34 

 

 

Discussion 

This investigation demonstrates the first known transmission of EEEV through solid organ 

transplantation; all three patients who received organs from a common donor developed EEEV 

neuroinvasive disease within one week of transplantation. Ultimately, two of the patients died of 

complications likely related to EEEV, and one patient survived with residual neurologic deficits. 

Most persons infected with EEEV are asymptomatic or have a non-specific mild illness [1]. 

Symptomatic persons typically develop a systemic febrile illness which can progress in <5% of 

individuals to neurologic disease, including headache, confusion, focal neurologic deficits, meningismus, 

seizures, or coma [6, 7, 17-19]. Survivors of EEEV encephalitis often have neurologic sequelae, such as 

seizure disorders, hemiplegia, and cognitive dysfunction [8, 17]. The fact that all three solid organ 

transplant recipients in this cohort developed encephalitis suggests that the risk of neuroinvasive disease 

may be increased with this route of transmission and/or in immunosuppressed patients. Little is known 

about risk of EEEV disease in immunocompromised patients; however, one case report of fatal EEEV 

encephalitis in a patient receiving rituximab was recently published [20].   

All three organ recipients became symptomatic between six and seven days after transplantation, 

consistent with a reported EEEV incubation period of four to ten days [21, 22].  Similar to previous case 

reports of EEEV neuroinvasive disease in non-immunocompromised hosts, MRIs from all patients in this 

series demonstrated T2/FLAIR enhancement of the basal ganglia, thalami, and brain stem, findings which 

may assist in distinguishing EEEV from herpes simplex encephalitis [6, 23]. However, other common 

findings of EEEV, including peripheral leukocytosis, CSF neutrophilic pleocytosis, and absent 

hypoglycorrhachia, were variable among the three organ transplant recipients [6, 7, 24].  

There is no human vaccine or specific antiviral therapy available for the treatment of EEEV, and 

management is supportive. All three organ recipients received at least five days of IVIG (0.4 g/kg/day) 
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based on case reports describing its successful use in patients with EEEV encephalitis [25-27]. However, 

there are no controlled studies showing a proven benefit of IVIG in the management of EEEV infection.   

Serum EEEV IgM antibodies typically appear within the first week of clinical illness. Since 

serologic testing during the acute phase of illness may be negative, convalescent serum should be tested 

for EEEV IgM if the diagnosis remains uncertain [28-30]. Despite being immunocompromised, all organ 

recipients demonstrated serologic evidence of recent EEEV infection in CSF and/or serum when sampled 

at least eight days after transplantation. Viremia occurs early in the course of EEEV-related illness and 

typically resolves by the onset of neurologic symptoms, limiting the utility of molecular testing of serum 

[31]. EEEV RT-PCR was negative in serum from all three transplant recipients and in CSF from two of 

the patients tested in this cohort, but the lung and liver recipients had detectable EEEV RNA in whole 

blood samples collected on the same day or two days after serum collection, respectively (Table 1). This 

suggests that, while RT-PCR testing of whole blood has not been evaluated for EEEV, it may have a 

higher probability of being positive than serum or CSF in patients with EEEV infection.  

Detection of EEEV viral antigens and RNA by IHC and RT-PCR, respectively, in the heart 

transplant recipient’s endomyocardial tissue suggests extraneural tissue involvement of EEEV. Murine 

models have described the mesenchymal cell tropism of EEEV, characterized by early replication in 

peripheral tissues, including bones, skeletal muscle, tendons, and ventricular myocardium [32, 33]. 

Infection of the lungs, kidneys, stomach, and spleen have also been described in equine EEEV infection 

[34]. While cardiac sequelae of EEEV have infrequently been described in humans [8], EEEV-associated 

cytopathic effects in necrotic cardiac myocytes have been reported at equine and swine necropsy [34, 35] 

and from previous human autopsy samples (manuscript in preparation, CDC). The presence of myocyte 

necrosis with persistent EEEV antigen and RNA detection in endomyocardial tissue samples extending 

weeks after transplantation suggests that ongoing viral infection might have contributed to the patient’s 

graft failure and ultimate death, although ongoing rejection was also suspected.  
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Transmission of EEEV likely occurred following infection in the organ donor via mosquito bites. 

The detection of EEEV RNA and lack of IgM antibodies in donor serum within 24 hours of organ 

procurement suggest that EEEV acquisition had occurred either shortly before or after hospitalization. 

However, there was no evidence of transfusion-transmission of EEEV infection from our investigation. 

Limited available surveillance data on equine disease cases and mosquito pools indicated EEEV activity 

in counties adjacent to the organ donor’s residence. Nonetheless, we were unable to determine with 

certainty the source of EEEV infection in the donor because of limited details on epidemiologic risk 

factors prior to death, limited non-human surveillance data, and unknown sensitivity of testing blood 

samples from retention segments for EEEV infection. 

In addition to EEEV described here, CDC has reported 15 other events of infectious encephalitis 

transmitted through solid organ transplantation since 2002, including West Nile virus, rabies virus, 

lymphocytic choriomeningitis virus, Balamuthia mandrillaris, and microsporidiosis [36]. Investigation of 

these transmission events has highlighted several important diagnostic and clinical challenges related to 

recognition and treatment of transplant-transmitted infections. Encephalitis resulting from transplant-

transmitted pathogens, including EEEV, is rare and may not immediately be recognized by clinicians. In 

many instances, donors did not demonstrate clinical evidence of infection, and death was attributed to 

another cause, similar to the transmission event described here. Diagnosis is further complicated due to 

limitations with laboratory screening. No commercially available organ donor screening test is available 

for EEEV. However, if routine testing were implemented, there would be a risk of false positives because 

of low population prevalence, which could result in unnecessary organ discard. Finally, although there are 

no known effective prophylactic or treatment options for EEEV encephalitis, there is limited evidence 

that prophylaxis or treatment may be effective following exposure to some transplant-transmitted 

pathogens that cause encephalitis [36-39]. As a result, identification of possible infectious encephalitis 

among organ donors is crucial. To assist clinicians who may be evaluating donors with transmissible 

infectious encephalitis, efforts are underway to develop standardized risk assessment tools [40].   

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy923/5146011 by guest on 08 N

ovem
ber 2018



 

Page 14 of 34 

 

Clinicians should remain vigilant for clusters of encephalitis following solid organ 

transplantation. EEEV or other arboviral infections should be considered in recipients who develop 

encephalitis after transplantation, particularly if donors and recipients reside in endemic areas of the 

United States. When donor-derived infection, including encephalitis, is suspected, providers must report 

the case to the United Network for Organ Sharing/Organ Procurement and Transplantation Network for 

investigation by the ad hoc Disease Transmission Advisory Committee and to public health authorities for 

expedited evaluation and identification of potentially infected organs and tissues.  
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Table 1: Clinical Characteristics and Eastern Equine Encephalitis Virus Testing Results in the 

Organ Donor and Three Transplant Recipients  

Patient Sex Days from 

Transplantation 

to Symptom 

Onset 

Days from 

Transplantation 

to Specimen 

Collection 

Specimen 

Tested 

EEEV Test 

Results 

Disease 

Outcome 

Organ 

Donor 

F N/A -2 

 

 

 

 

-1 

 

 

 

 

0 

 

 

 

 

0 

Stored serum 

 

 

 

 

Stored serum 

 

 

 

 

Stored serum 

 

 

 

 

Stored lymph 

node aspirate 

Negative 

IgM EIA, 

negative 

RT-PCR 

 

Negative 

IgM EIA, 

positive 

RT-PCR 

 

Negative 

IgM EIA, 

positive 

RT-PCR 

 

Negative 

IgM EIA, 

negative 

RT-PCR 

Died of 

gunshot 

wound 

Heart 

Recipient 

F 7 -1 

 

 

Stored pre-

transplant 

serum 

 

Negative 

IgM EIA 

 

Developed 

heart failure 

related to 

EEEV 

myocarditis 
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7 

 

 

 

 

9 

 

 

 

 

 

 

 

10 

 

 

 

 

 

 

 

 

12 

 

Post-transplant 

endomyocardial 

biopsy 

 

 

Post-transplant 

CSF 

 

 

 

 

 

 

Post-transplant 

serum 

 

 

 

 

 

 

 

Post-transplant 

serum 

 

 

 

Post-transplant 

 

Positive 

RT-PCR, 

positive 

IHC 

 

Positive 

IgM EIA, 

positive 

PRNT 

(1:4), 

negative 

RT-PCR 

 

Negative 

IgM EIA, 

positive 

PRNT 

(1:40), 

negative 

RT-PCR 

 

Negative 

IgM EIA, 

negative 

RT-PCR 

 

Positive 

IgM EIA, 

positive 

PRNT 

(1:≥20,480), 

negative 

RT-PCR 

 

vs. acute 

rejection  and 

died of sepsis 

during 

evaluation for 

re-

transplantation 
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24 

 

 

 

 

 

 

 

40 

 

 

 

 

54 

 

 

 

 

67 

 

 

 

serum 

 

 

 

 

 

 

Post-transplant 

endomyocardial 

biopsy 

 

 

Post-transplant 

endomyocardial 

biopsy 

 

 

Post-transplant 

endomyocardial 

biopsy 

 

 

 

 

Post-transplant 

serum 

 

Post-transplant 

endomyocardial 

Positive 

RT-PCR, 

positive 

IHC 

 

Positive 

RT-PCR, 

positive 

IHC 

 

Positive 

RT-PCR, 

positive 

IHC; EM 

negative for 

virions 

 

Negative 

RT-PCR 

 

Positive 

RT-PCR, 

positive 

IHC; EM 

negative for 

virions 

 

Positive 

RT-PCR, 

positive 

IHC 

 

Negative 

RT-PCR 
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81 

 

 

81 

 

 

 

 

 

 

96 

 

 

 

 

101 

 

biopsy 

 

 

 

 

Post-transplant 

endomyocardial 

biopsy 

 

 

Post-transplant 

CSF 

 

Liver 

Recipient 

F 6 8 

 

 

 

 

Post-transplant 

CSF 

 

 

 

Post-transplant 

Positive 

IgM EIA, 

negative 

RT-PCR 

 

Positive 

IgM EIA, 

positive 

Died of 

complications 

of EEEV 

encephalitis 
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9 

 

 

 

 

 

 

 

11 

 

 

 

 

26 

 

 

 

 

76 

serum 

 

 

 

 

 

 

Post-transplant 

whole blood 

 

 

 

Post-transplant 

serum 

 

 

 

Post-transplant 

CSF 

PRNT 

(1:160), 

negative 

RT-PCR 

 

Positive 

IgM EIA, 

positive 

RT-PCR 

 

Positive 

IgM EIA, 

negative 

RT-PCR 

 

Negative 

RT-PCR 

Lung 

Recipient 

F 7 9 

 

 

11 

 

 

Post-transplant 

CSF 

 

Post-transplant 

serum 

 

 

QNS 

 

 

Positive 

IgM EIA, 

positive 

PRNT 

(1:2560), 

negative 

Alive 
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11 

 

 

 

 

26 

 

 

 

 

 

 

 

Post-transplant 

whole blood 

 

 

 

Post-transplant 

serum 

 

 

 

RT-PCR 

 

Positive 

IgM EIA, 

positive 

RT-PCR 

 

Negative 

IgM EIA, 

negative 

RT-PCR 

 

F: female; CSF: cerebrospinal fluid; IgM EIA: Immunoglobulin M antibodies by enzyme immunoassay; 

RT-PCR: reverse transcriptase-polymerase chain reaction; EEEV: eastern equine encephalitis virus; 

PRNT: plaque reduction neutralization test; IHC: immunohistochemistry; QNS: quantity not sufficient for 

testing; EM: electron microscopy 
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Table 2: Selected Laboratory Results for the Organ Transplant Recipients during Acute 

Neuroinvasive Eastern Equine Encephalitis Virus Disease  

Variable  Heart Recipient Liver Recipient Lung Recipient 

Cerebrospinal Fluid    

Appearance Xanthochromic Xanthochromic Xanthochromic 

White blood cell count (per µL) 217 88 10 

   Neutrophils (%) 66 32 5 

   Lymphocytes (%) 27 11 15 

   Monocytes (%) 7 57 80 
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Red blood cell count (per µL) 18000 2 9 

Glucose (mg/dl) 38 120 83 

Protein (mg/dl) 170 >200 78 

Opening pressure (cm H2O) 32 30 20 

    

Blood*    

White blood cell count (per µL)** 12.7 3.5
 

30.5 

   Neutrophils (%) ND 69 93 

   Lymphocytes (%) ND 22 1 

   Monocytes (%) ND 8 4 

Hemoglobin (g/dl) 10.3 8.3 9.6 

Platelet count (per µL) 221 27 103 

Serum sodium (mmol/L) 127 127 149 

Serum creatinine (mg/dl) 0.8 2.5 1.2 

Aspartate aminotransferase (U/L) 42 44 24 

Alanine aminotransferase (U/L) 40 47 30 

Alkaline phosphatase (U/L) 67 211 62 

Tacrolimus trough (ng/mL) 9.3 7.0 10.3 

ND: not done 

*Obtained on the day of onset of encephalitis 

**Concomitant daily steroid doses for the organ recipients: Heart Recipient – 25mg prednisone; Liver 

Recipient – 20mg prednisone; Lung Recipient – 25mg methylprednisolone  
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Figure Legends: 

 

Figure 1. Clinical and Selected Laboratory Findings in the Organ Donor and Three Organ 

Transplant Recipients with Transplant-Transmitted Eastern Equine Encephalitis Virus Infection. 

Tests for infection consisted of eastern equine encephalitis virus (EEEV)-specific serum, whole blood, 

and cerebrospinal fluid (CSF) immunoglobulin M enzyme immunoassay (IgM EIA), plaque reduction 

neutralization test (PRNT), and reverse-transcriptase polymerase chain reaction (RT-PCR).  Formalin-

fixed paraffin-embedded tissue was also evaluated for EEEV using immunohistochemistry (IHC) and RT-

PCR.  Plus signs denote positive results, and minus signs negative results. 

 

Figure 2. Histologic Findings and Immunohistochemical Evidence of Eastern Equine Encephalitis 

Virus in the First Endomyocardial Biopsy from the Heart Transplant Recipient (Obtained One 

Week after Transplantation). Shown are foci of cardiomyocyte necrosis characterized by myofiber 

fragmentation, hypereosinophilia, and atrophy with karyorrhexis and minimal to absent inflammation 

(H&E, Panel A). Immunostaining of eastern equine encephalitis viral antigen is detected within areas of 

cardiomyocyte necrosis (EEEV IHC, Panel B). 

 

Figure 3. Diffusion-Weighted Imaging (DWI) and Apparent Diffusion Coefficient (ADC) Magnetic 

Resonance Imaging (MRI) Showing Progression of Intracranial Lesions in the Liver Recipient. MRI 

on post-transplant day seven showed punctate areas of restricted diffusion in the bilateral thalami (DWI, 

Panel A and ADC, Panel B) and bilateral medial temporal lobes (DWI, Panel C and ADC, Panel D). MRI 

on post-transplant day ten showed an increase in the punctate areas of restricted diffusion in the bilateral 
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thalami (DWI, Panel E and ADC, Panel F) and in the bilateral medial temporal lobes (DWI, Panel G and 

ADC, Panel H). 

 

Figure 4. Magnetic Resonance Angiography Suggestive of Post-Viral Central Nervous System or 

Cerebral Vasculitis in the Liver Recipient.  Magnetic resonance angiography (MRA) was obtained on 

post-transplant day 36 (Panel A) and post-transplant day 46 (Panel B).  Compared to Panel A, Panel B 

reveals interval development of significant multifocal narrowing of the bilateral anterior and posterior 

intracranial circulation concerning for vasculitis. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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