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Abstract

Background: Epstein-Barr virus (EBV)-related neurologic complications have a diverse presentation in transplant
recipients, creating diagnostic and therapeutic challenges for clinicians. In this case series, we report unique manifes-
tations of EBV related neurologic complications following solid organ transplant and highlight pitfalls in management.

Case presentations: A retrospective search of the electronic medical record of all patients from January 2015 to
December 2020 who underwent solid organ transplantation and had central nervous system complications as deter-
mined by ICD-10 codes were included. Three patients with unique manifestation of EBV-related neurologic compli-
cations after liver transplantation were identified. The first was a 52-year-old man with a live-donor liver transplant

11 years prior for Budd-Chiari syndrome presented with several weeks of headache and several lesions on brain MRI;
he was diagnosed with primary central nervous system post-transplant lymphoproliferative disorder. The second
patient was a 63-year-old man with a deceased-donor liver transplant 16 years prior for alpha-1-antitrypsin deficiency
and was found to have a stroke; he was diagnosed with EBV encephalitis. The final patient was a 75-year-old woman
with a deceased-donor liver transplant six years prior for primary biliary cirrhosis who presented with four months of
gait instability; she was diagnosed with EBV myelitis. A review of the literature was performed to supplement descrip-
tion of the different diseases.

Conclusions: EBV-related central nervous infection in post-transplant patients can manifest in a variety of neurologic
syndromes, which can be challenging to diagnose. Careful correlation of clinical, pathologic, and radiologic findings
and a high index of suspicion are crucial in identification and appropriate management.
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Background

neurologic presentations may arise inconspicuously but

With the advent of organ transplantation and mod-
ern immunosuppressive therapy, clinicians frequently
encounter unique manifestations of infectious diseases,
owing to the interplay of the infectious agent and the
altered immune response. Of these manifestations,
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can be devastating.

Epstein-Barr virus (EBV) is capable of causing a diverse
range of neurologic maladies [1, 2]. Cell-mediated immu-
nity is the primary defense against EBV-infected B-cells.
However, due to immunosuppressive regimens, organ
transplant recipients are at increased risk. Treatment of
these EBV-related complications, including those involv-
ing the central nervous system (CNS), presents a diag-
nostic challenge due to their protean manifestations
as well as a therapeutic dilemma, balancing the risks of
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organ rejection with the need for immune reconstitu-
tion. The increase in prevalence of organ transplantation
and development of potential future therapies in EBV
post-transplant lymphoproliferative disorders includ-
ing prophylactic chemo- or antiviral drugs and cytotoxic
T-lymphocyte therapy necessitate clinicians to be aware
of these disorders when caring for this high-risk popula-
tion [3].

The aim of this case-series is to illustrate the CNS man-
ifestations of EBV infection after organ transplantation
and review the challenges and approach to diagnosis and
management.

Methods

The study was conducted at Lahey Hospital and Medical
Center (LHMC) in Burlington, Massachusetts. LHMC is
an academic tertiary care center with a high-volume liver
transplantation program.

We performed a single-center, retrospective review of
all patients between January, 2015 and December, 2020
who underwent solid organ transplantation and had CNS
complications. During the study period, there were a
total of 768 solid organ transplants with 516 liver trans-
plants and 252 kidney transplants [4]. Cases were ascer-
tained utilizing Epic SlicerDicer search of all patients
admitted during this time period, including only those
with international classification of disease (ICD)-10
codes consistent with organ transplantation and CNS or
EBV infection (supporting information). All cases and
images were reviewed and verified by two neurologists
(MR and PR) to confirm accurate case adjudication. The
Institutional Review Board approved this study and a
waiver of informed consent was granted.

Case presentations

Case 1: Primary central nervous system post-transplant
lymphoproliferative disorder

A 52-year-old man with a live-donor liver transplant
11 years prior for Budd-Chiari syndrome presented with
several weeks of headache and diplopia. Immunosup-
pression consisted of tacrolimus (Table 1). Neurologic
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exam identified right abducens and right facial nerve
palsies.

Magnetic resonance imaging (MRI) of the brain and
spinal cord revealed T2 hyperintensity involving portions
of the cervical cord, brainstem, and left centrum-semio-
vale with leptomeningeal and right facial nerve enhance-
ment (Fig. 1).

A thorough investigation for infectious, inflamma-
tory, and neoplastic etiologies was performed (Table 2).
EBV polymerase chain reaction (PCR) of the cerebral
spinal fluid (CSF) was positive. EBV serology was posi-
tive for viral capsid antigen (VCA) IgG and early antigen
(EA) IgG, but VCA IgM and Epstein-Barr nuclear antigen
(EBNA) were negative, indicative of either late primary
infection or prior infection.

Pathology from stereotactic biopsy of a left temporal
lobe lesion showed perivascular polymorphic inflam-
matory infiltrate, including B- and T-cells. Immuno-
histochemical stains revealed CD20 positive B-cells,
CD3 positive T cells, CD68 positive microglial nodules,
plasma cells, and scattered EBV-encoded small RNAs
(EBER) positive cells (Fig. 2). Latent membrane protein
1 (LMP1) was negative. These results were initially inter-
preted as Primary CNS Post-transplant Lymphoprolifera-
tive Disorder (PCNS-PTLD). Tacrolimus was withheld,
and the patient was treated with rituximab, prednisone,
and methotrexate. A subsequent opinion of the pathol-
ogy changed the diagnosis in favor of EBV encephali-
tis, prompting initiation of ganciclovir and withholding
chemotherapy. The neurologic exam and repeat imaging
improved over the course of this hospitalization; tacroli-
mus was resumed. He was readmitted a month later with
new left hemisensory loss. Brain MRI demonstrated new
expansile T2 hyperintense lesions (Fig. 1). Tacrolimus
was again discontinued, and valganciclovir was initiated.

After 2 weeks, he developed leukopenia (white blood
cell count of 1.71 K/uL (reference 4.00-11.00 K/uL))
with severe neutropenia (absolute neutrophilic count
0.13 K/uL (reference 1.50-7.70 K/uL)) attributed to
antiviral therapy. MRI brain again revealed progres-
sive lesion enlargement. Given the longitudinal clinical,

Table 1 Clinical characteristics of cases with central nervous system EBV infection

Patient (age/sex) Liver allograft type Years from

Presenting symptoms (EBV syndrome)

Immunosuppression regimen

transplant
52/M Live-donor 11 Relapsing headache, nausea/vomiting, double vision,  Tacrolimus
facial numbness (PTLD)
63/M Dead-donor 16 Encephalopathy, fall, hyperglycemia (encephalitis) Mycophenolate mofetil, rapamycin
75/F Dead-donor Paraparesis, numbness, urinary dysfunction, falls Tacrolimus, mycophenolate mofetil

(myelitis)

EBV, Epstein-Barr virus; F, female; M, male
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Fig. 1 Primary CNS post-transplant lymphoproliferative disorder radiography. Initial brain MRI showing fluid attenuation inversion recovery (FLAIR)
hyperintensities within the dorsal pons (A) and throughout the medulla (B) with foci of susceptibility within the pons (C). MRI of the cervical spine
with T1 fat saturation sequence showing contrast enhancement of the upper cervical cord (D, arrow) with leptomeningeal enhancement. MRI one
month later when the patient presented with left hemisensory symptoms showing multiple FLAIR hyperintense lesions in the pons (E), midbrain
and bilateral temporal lobes (F), and left parietal lobe (G). Additionally, contrast enhancement within the middle cerebellar peduncles was seen (H)

radiographic, and pathologic course, the diagnosis was
revised to PCNS-PTLD. All immunosuppression and
antiviral therapy were held. SubsequentMRI after one
month showed regression of the lesions. At follow-up
6 months later, he remained clinically stable without
relapse.

Case 2: EBV encephalitis
A 63-year-old man with a deceased-donor liver trans-
plant 16 years prior for alpha-1-antitrypsin deficiency
presented to the emergency department after a fall.
Immunosuppression consisted of mycophenolate
mofetil and sirolimus (Table 1). Physical examination
identified right hemisensory loss. Brain MRI revealed
an acute left insular infarct (Fig. 3). Over the initial
three days of his hospitalization, he developed bilat-
eral abducens, left facial, and right oculomotor cranial
nerve palsies. Repeat MRI with contrast demonstrated
new cortical infarcts and enhancement of the left facial,
left trigeminal, and right oculomotor nerves (Fig. 3).

Investigations (Table 2) were notable for a positive CSF
EBV PCR with 383,000 copies/mL.

Mycophenolate mofetil was discontinued, sirolimus
was continued, and ganciclovir was initiated. The patient
became progressively obtunded over several days. MRI
one week later indicated disease progression with new
infarcts (Fig. 3). The patient was transitioned to hospice
and died.

Case 3: EBV myelitis

A 75-year-old woman with a deceased-donor liver trans-
plant 6 years prior for primary biliary cirrhosis presented
with four months of progressive weakness and gait
instability.

Immunosuppression consisted of tacrolimus and
mycophenolate mofetil (Table 1). On examination,
she had paraparesis, diminished proprioception, brisk
reflexes in all limbs, and bilateral Babinski sign.

Spinal MRI demonstrated a longitudinal extensive
T2 hyperintensity of the dorsal columns (C1-C7) with
enhancement (Fig. 4). Investigations (Table 2) were
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Table 2 Summary of testing and outcomes of cases
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Diagnosis Case 1: post-transplant Case 2: EBV encephalitis Case 3: EBV myelitis
lymphoproliferative disorder (PTLD)
EBV serology EBNAIgG — Not performed EBNAIgG +
EBVVCA IgM — EBVVCA IgM +P
EBVVCA IgG + EBVVCA IgG+
EBV EA IgG + EBV EA IgG+
EBV CSF PCR Positive Positive (quantitative EBV PCR: 383,000 Positive
copies/mL)
CSF profile? WBC 12; lymphocytes 81% (occasional WBC 171; lymphocytes 95% WBC 23; lymphocytes 95%

Other serum testing

Other CSF testing

Treatment

Outcome

plasmacytoid and atypical cells)
<1RBC
Protein 36
Glucose 53

CBC, CMP

California virus, East Equine encephalitis,
St. Louis encephalitis, West Equine
encephalitis

Treponemal antibody

ANA

HIV

QuantiFERON

Anaplasma, Ehrlichia

Lyme

Aspergillus galactomannan

Anti-aquaporin-4 IgG

Anti-MOG IgG

C-reactive protein

Vitamin B12

Herpes simplex virus /1l PCR
Listeria

Cryptococcal antigen
Varicella zoster PCR
Toxoplasma PCR
Tropherma whipple
Mycoplasma
Histoplasma
Cytomegalovirus PCR
Enterovirus PCR
JCvirus PCR

HHV-6 PCR
Oligoclonal bands
Cytology

Flow cytometry

1. rituximab, prednisone, methotrexate
2.1V ganciclovir then po valganciclovir;
tacrolimus held

Significant improvement 20 weeks after

presentation with residual radiographic

lesions

RBC 234
Protein 169
Glucose 63

CBC, CMmP
Treponemal antibody
HIV

QuantiFERON

Lyme

Herpes simplex virus I/1l PCR
Cryptococcal antigen

Varicella zoster PCR
Cytomegalovirus PCR

Cytology

Flow cytometry

Universal bacterial and fungal PCR

Mycophenolate mofetil held, tacrolimus
continued; IV acyclovir then transitioned
to IV ganciclovir

Deceased

<1RBC
Protein 60
Glucose 55

CBC, CMP

Vitamin B12
Methylmalonic acid
Copper

Vitamin E

Zinc

HIV

Lyme

Treponemal antibody
ANA

ACE

ANCA
Anti-aquaporin-4 IgG
Anti-MOG IgG

Herpes simplex virus /1l PCR

Cryptococcal antigen

Varicella zoster PCR

Cytomegalovirus PCR paraneoplastic
panel

VDRL

oligoclonal bands

West-Nile virus PCR

HHV-6 PCR

Mycophenolate held, tacrolimus con-
tinued; IV solumedrol

Complete recovery 5 months later

ACE, angiotensin converting enzyme; ANCA, antineutrophil cytoplasmic antibodies; ANA, antinuclear antibody; CBC, complete blood cell count; CMP, complete
metabolic panel; CSF, cerebral spinal fluid; EA, early antigen; EBER, Epstein-Barr encoding region; EBNA, Epstein-Barr nuclear antigen; EBV, Epstein-Barr virus; HHV-
6, Human Herpesvirus 6; HIV, human immunodeficiency virus; IV, intravenous; JC virus, John Cunningham virus; LMP1, latent membrane protein 1; MOG, myelin
oligodendrocyte glycoprotein; RBC, red blood cell count; VCA, viral capsid antigen; VDRL, venereal disease research laboratory; WBC, white blood cell count

@ Lab reference values: WBC < 10 cells/uL, RBC < 1 cells/uL, lymphocytes 40-80%, protein 15-45 mg/dL, glucose 40-70 mg/dL)

b t+/—Means borderline/equivocal

remarkable for a positive CSF EBV PCR. EBV serology
detected elevated VCA IgG, EBNA IgG, and EA IgG
with borderline VCA IgM., indicating a chronic infec-

tion or viral reactivation.

She was treated with methylprednisolone. Mycophe-
nolate mofetil was discontinued with continuation of
tacrolimus. At five-month follow-up, she had mild resid-

ual paraparesis but was able to ambulate with support.
Repeat MRI revealed resolution of the lesion.
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Fig. 2 Primary CNS post-transplant lymphoprolifera

tive disorder pathology. Pathology showed perivascular polymorphic inflammatory infiltrate,
as well as numerous plasma cells and eosinophils (A-C). Panel B is an enhanced image of the boxed area in A. Immunohistochemical staining was
positive for scattered EBER positive cells (D). Also positive for CD20 positive B-cells, CD3 positive T cells, polytypic plasma cells (not pictured)

Discussion

Virology

EBV is a DNA virus of the herpesvirus family with
a tropism for B-lymphocytes. The life cycle consists
of two forms—the latent and lytic phases. The latent
phase results in activation, proliferation, and somatic
hypermutation of infected B-cells. The phase is charac-
terized by viral expression of proteins EBER and LMP-
1. LMP-1 binds to the CD40 receptor on B-cells and
prevents cellular apoptosis. These immortalized B-cells
establish a viral cache. In the lytic phase, the virus rep-
licates, destroys host cells, and infects other B-cells [1].
Remission is achieved by the control of latent-infected
B-cells, primarily by the response of cytotoxic T-cells.
Compromise of T-cell mediated immunity results in
the loss of the ability to control dormant, immortal-
ized, infected B-cells, causing a neoplastic proliferation
in PTLD. This is analogous to pathogenesis of primary
CNS lymphoma in AIDS [1].

In contrast to PTLD, EBV encephalitis and myelitis
are manifestations of the lytic phase of the viral cycle. It
is hypothesized that the neuronal damage is due to the
infiltrative process of infected B-cells and the reactive

immunologic cascade rather than a primary infection
of neural cells [1].

PCNS-PTLD

Epidemiology and risk factors

PTLD was initially described in 1970 and is defined
by the World Health Organization as lymphoid prolif-
eration or lymphoma occurring in patients who have
undergone organ transplantation and are maintained
on immunosuppressive regimens [5]. PTLD is the sec-
ond most common malignancy in the post-transplant
population, with approximately 15% of cases involving
CNS [5, 6]. Risk factors include type of organ trans-
planted, greater degree of immunosuppression, EBV
status of host and donor, and younger host age. Intes-
tine and lung transplantations have the highest rate of
PTLD (20%), whereas kidney and liver transplants have
a lower rates (1-3%) [5, 7-10]. Seronegative hosts and
EBV positive donors have increased risk likely due to
the introduction of an EBV-infected graft into a naive
host [5].
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lobes (E, F)

Fig. 3 EBV encephalitis. MRI of the brain revealed a small area of diffusion restriction along the posterior left insula, consistent with an acute infarct
(A); multiple cranial enhancement including the right oculomotor nerve (B, arrow), left facial and vestibulocochlear nerve complex (C, arrow), and
left trigeminal nerve (not pictured). There were also new areas of restricted diffusion in the left frontal operculum and posterior left temporal lobe
white matter (D, arrow). Two weeks later, MRI of the brain showed multiple areas of non-enhancing FLAIR hyperintensity in the bilateral temporal

Presentation

CNS involvement in PTLD is commonly accompanied
by involvement of other organ systems; however, PCNS-
PTLD may occur without evidence of systemic involve-
ment. Incidence is highest at six months to one year
post-transplant, but PCNS-PTLD may develop several
years after the transplant (median 4.4 years) [5]. Presen-
tations include increased intracranial pressure, headache,
seizure, and focal neurologic deficits [5-8]. Intraocu-
lar spread may occur as well, and a slit-lamp exam is
recommended.

Investigation modalities
Due to the immunosuppressed status of the patients and
the non-specific MRI findings, a thorough evaluation of

vascular, infectious, and other neoplastic etiologies such
as cerebral abscess, posterior reversable encephalopathy
syndrome (PRES), stroke, cerebral venous sinus throm-
bosis, demyelination, infectious encephalitis, autoim-
mune encephalitis, glioblastoma, and metastatic disease
must be undertaken by treating physicians [11]. A sum-
mary of relevant testing is highlighted in Table 2.

Brain and spinal cord MRI with contrast is the imag-
ing modality of choice. Radiographically, lesions are
commonly multifocal with preferential involvement of
periventricular structures with or without meningeal
enhancement or hemorrhage. Lesions are typically con-
trast enhancing with variable patterns (homogenous,
ring, or heterogeneous) [5, 11].
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dorsal cervical spinal cord from C1-C7 (arrows)

Fig. 4 EBV myelitis. MRI of the spinal cord in axial (A) and sagittal (B) views revealed a longitudinal extensive area of T2 hyperintensity involving the

The CSF profile is non-specific with minimal pleocy-
tosis and increased protein. Cytology may show malig-
nant cells, and flow cytometry can sometimes detect a
monoclonal population [12]. CSF testing alone is usually
insufficient for diagnosis; tissue biopsy is needed in most
cases.

Pathologic diagnosis requires the detection of latent
viral proteins EBER and LMP-1 utilizing in-situ hybridi-
zation or immunohistochemistry. As in our case, it
may be diagnostically challenging to differentiate EBV
encephalitis from PCNS-PTLD. The pathogenies of
CNS-PTLD is not binary and the disease itself exists as
a continuum from early lesions which resemble reactive
lymphoplasmacytic proliferation to the polymorphic
subtype with mixed lymphoid and plasma cells to mono-
morphic PTLD with malignant lymphoid cells of single
clonality [3, 10]. Furthermore, it is recognized that PTLD
lesions demonstrate a mixed molecular pattern of latent
and lytic EBV gene expression [13]. Thus, early CNS-
PTLD presents a true diagnostic dilemma since these
lesions have a histologic appearance that is difficult to
distinguish from encephalitis and detection of latent EBV
proteins may be scant as in our case.

Treatment and prognosis

The goal of therapy requires balancing control of the
malignancy and preservation of graft function. It is typi-
cally recommended that the initial step be either reduc-
tion or complete withdrawal of immunosuppression [5,
10, 12]. Antiviral therapies that target thymidine kinase
such as ganciclovir are ineffective since the enzymatic
expression does not occur in the latent phase of the viral

cycle. Immune reconstitution is typically insufficient and
concurrent anti-neoplastic interventions are required.
Rituximab is a preferred first-line agent given tolerability,
limited toxicity, and high response rate. Other therapies
include whole-brain radiation, methotrexate, and autolo-
gous or allogenic EBV-specific cytotoxic T-lymphocyte
infusions [5, 6, 8-10, 12]. Response to first line therapy
is the strongest predicotrs of survival, and with treat-
ment median survival ranges from 26 to 47 months [5,
6, 8]. Current areas of investigation include prophylactic
antiviral or anti-CD20 for high risk patients and the utili-
tity of adoptive immunotherapy in refractory disease [3].

Non-PTLD manifestation of EBV in the CNS

Presentation

Presentation of EBV encephalitis, myelitis, and encepha-
lomyelitis bears semblance to other viral infections of the
CNS. Infection may be heralded by prodromal systemic
manifestations of infectious mononucleosis or neurologic
manifestation may be the initial symptomatology [1]. A
diverse array of neurologic deficits have been described
with EBV encephalitis [2]. Moreover, EBV encephalitis
may trigger para-infectious acute disseminated encepha-
lomyelitis or, as in our case, vasculitis resulting in cere-
bral infarcts [1, 2].

Investigation modalities

It is imperative that a detailed investigation be under-
taken for other bacterial, viral, parasitic, and fungal
etiologies in an immunocompromised patient after trans-
plantation [14]. Other viral etiologies that may mimic
EBV encephalitis or myelitis include Human herpesvirus
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6, Herpes simplex virus, Varicella zoster virus, Cyto-
megalovirus, Human T-cell leukemia virus-1, West Nile
Virus, Poliomyelitis, Powassan encephalitis, and Entero-
virus A71. Other atypical neurologic infections that may
be seen in the immunocompromised population include
syphilis, toxoplamosmosis, tuberculosis, nocardia, cryp-
tococcus, lyme disease, invasive fungal infections, lis-
teriosis, whipple’s disease, and mycoplasma. Nutritional
causes include vitamin B12, vitamin E, and copper defi-
ciency. Vascular etiologies such as stroke or PRES may
occur after transplant. All longitudinally extensive myeli-
tis should entertain neuromyelitis optica, sarcoidosis, and
anti-MOG encephalomyelitis in the differential. Acute
disseminated encephalomyelitis may be a seen as a para-
infectious, immune-mediated phenomenon after a pri-
mary EBV infection [15, 16]. Table 2 highlights relevant
investigational testing.

CSF studies demonstrate a variable degree of lym-
phocytic pleocytosis with increased protein and normal
glucose. While PCR detection of the virus is utilized for
diagnosis of EBV encephalitis and myelitis a positive EBV
PCR may reflect incidental reactivation [17]. Conversely,
there may be false negative CSF EBV PCR [18]. Cor-
responding viral serologies to the viral capsid (IgG and
IgM), EBNA, and EA may be helpful in supporting the
presence of an acute or subacute EBV infection.

Brain MRI with contrast in EBV encephalitis may range
from completely normal to multifocal areas of T2 hyper-
intensity in the parenchyma, diffusion restriction, or con-
trast-enhancement of the meninges and cranial nerves [1,
2, 19, 20]. In organ transplant recipients, EBV encepha-
litis has been reported to present as a tumor-like lesion
[19].

For EBV myelitis, a complete spine MRI with contrast
is the imaging modality of choice. There is no known
pathognomonic finding, although there are reports of
longitudinally extensive lesions with or without contrast
enhancement [18].

The histologic findings in EBV encephalitis consist of
predominantly perivascular lymphocytic infiltrates of
microglia, macrophages, T-cells, and infected B-cells.
The infected B-cells may show some clonality, lympho-
blastoid-appearance, and increased mitotic figures, mak-
ing the distinction between malignancy and infection
difficult [1, 21].

Treatment and prognosis

The most crucial step is reduction of immunosuppres-
sion to restore the T-cell mediated immune response.
There is limited evidence for the use of antiviral agents;
however, their use should be strongly considered, espe-
cially in severe presentations. Intravenous ganciclovir
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or parenteral valganciclovir are preferred given their
known activity against EBV replication in-vitro [2, 22,
23]. In organ transplant patients, valganciclovir and
immunoglobulin therapy have been reported to be
effective in EBV encephalitis, but valganciclovir may
cause myelosuppression with prolonged use [23]. The
optimal duration of treatment is unknown and is usu-
ally made based upon clinical response. Steroids are
not routinely administered, and the decision should be
made at the discretion of the physician.

In immunocompetent patients with EBV encephali-
tis, the mortality rate is approximately 10%, with most
patients having good outcomes without long-term defi-
cits [20, 24]. However, in post-transplant populations
outcomes are unknown.

Conclusions

EBV-related complications of the CNS after organ
transplantation have a diverse spectrum of infectious
to neoplastic manifestations. The presentation can
be highly variable often leading to diagnostic delay or
an incorrect initial diagnosis. Overlap between EBV
encephalitis and PCNS-PTLD exists, creating an espe-
cially challenging diagnostic dilemma. A multidiscipli-
nary approach and individualized treatment plan are
fundamental for successful treatment.
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