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Abstract
Chronic active Epstein–Barr virus disease (CAEBV), formerly named chronic active Epstein–Barr virus infection, is charac-
terized by systemic inflammation and clonal proliferation of Epstein–Barr virus (EBV)-infected T or NK cells. As CAEBV is 
a potentially life-threatening illness, appropriate diagnosis and therapeutic interventions are necessary for favorable clinical 
outcomes. Substantial evidence regarding the pathogenesis and treatment of CAEBV has been accumulated since previous 
guidelines for the diagnosis of CAEBV were proposed. To reflect this evidence, we updated the guidelines for the diagnosis 
and treatment of CAEBV to improve clinical management of the disease. The details of the updated guidelines are presented 
in this report. Diagnosis of CAEBV now requires confirmation of a high copy number of EBV genome and EBV-infected 
T or NK cells. An EBV DNA load ≥ 10,000 IU/mL in whole blood is proposed as the diagnostic cutoff value for CAEBV 
in this updated guideline. A standard treatment approach for CAEBV has not been established, and hematopoietic stem cell 
transplantation (HSCT) is considered the only curative treatment. Chemotherapy can be administered to control disease 
activity before HSCT.
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Introduction

Epstein–Barr virus (EBV) is a ubiquitous virus that infects 
more than 90% of adults worldwide. EBV infection is typi-
cally asymptomatic; however, a delayed primary infection 

among adolescents and young adults has been linked to the 
symptomatic condition known as infectious mononucleosis. 
EBV can cause chronic illness characterized by prolonged 
infectious mononucleosis-like symptoms and sustained high 
EBV DNA load in peripheral blood. This condition is known 
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as “chronic active EBV disease” or “chronic active EBV 
infection,” both abbreviated as CAEBV (ICD-O: 9725/1) 
[1, 2]. In this article, CAEBV is used as an abbreviation for 
chronic active EBV disease. Some patients with CAEBV ini-
tially develop cutaneous symptoms of hydroa vacciniforme 
lymphoproliferative disorder (HV-LPD) or severe mosquito 
bite allergy (SMBA), and then progress to more serious con-
ditions that fulfill the diagnostic criteria for CAEBV [3]. 
Conversely, it is not rare for CAEBV patients to present with 
skin rash similar to HV-LPD and SMBA during the clinical 
course.

In East Asian countries, including Japan, CAEBV is 
characterized by systemic inflammation accompanied by 
clonal proliferation of EBV-infected T or NK (T/NK) cells. 
In the “5th Edition of the World Health Organization (WHO) 
Classification of Hematolymphoid Tumors” revised in 2022, 
CAEBV is listed as one of the EBV-positive T- and NK-cell 
lymphoid proliferations and lymphomas of childhood and is 
named “systemic chronic active EBV disease” [4, 5]. Fur-
thermore, the disease name “CAEBV” used in the present 
article includes HV-LPD and SMBA with persistent sys-
temic symptoms and/or organ disease. In the International 
Consensus Classification of Mature Lymphoid Neoplasms, 
CAEBV is described as a mature T- and NK-cell neoplasm 
and is named “chronic active Epstein–Barr virus disease, 
systemic (T cell and NK cell phenotype)” [6].

CAEBV is a potentially life-threatening illness; thus, it is 
necessary to establish appropriate diagnostic methods and 
treatment strategies to facilitate optimal clinical manage-
ment of the disease. In 2005, the Japanese Association for 
Research on EBV and Related Diseases published the arti-
cle “Proposed Guidelines for Diagnosing Chronic Active 
Epstein–Barr Virus Infection” [7]. Since then, considerable 
progress has been made in the standardization of diagnostic 
procedures for CAEBV. In addition, substantial evidence 
regarding the pathogenesis and treatment of CAEBV has 
been accumulated. Considering these advancements in 
CAEBV research, we updated the guidelines for the diag-
nosis and treatment of CAEBV for improved clinical man-
agement of the disease. The details of the updated guidelines 
are presented in this report.

Etiology

The pathogenesis of CAEBV is not yet fully understood. 
CD21 and HLA-DR are considered EBV receptors in B 
cells; however, the receptors in T/NK cells have not been 
identified. Therefore, little is known about the mechanism 
underlying EBV infection in T/NK cells. CAEBV develops 
in the apparent absence of immunodeficiency. However, 
EBV-infected T/NK cells are not removed by cytotoxic T 
cells. Previous studies have demonstrated that patients with 

CAEBV show impaired T/NK-cell activity against EBV-
infected cells [8, 9]. It is possible that T/NK-cell activity is 
secondarily suppressed by the development of disease condi-
tions in CAEBV.

How EBV induces T/NK-cell proliferation remains 
unclear. Previous studies have demonstrated the activation 
of several pathways, such as the NF-κB, mTOR, and JAK/
STAT3 pathways, in EBV-positive T/NK-cell lines or T/NK 
cells from patients with CAEBV [10–13]. EBV may con-
tribute to the lymphomagenesis of T/NK cells through the 
activation of these pathways, which could be considered new 
therapeutic targets.

A recent comprehensive genetic analysis revealed that 
somatic driver mutations, including DDX3X and other 
genes related to malignancies, are frequently found in EBV-
infected T/NK cells of patients with CAEBV [14]. The 
clonal evolution of EBV-infected cells compromising mul-
tiple cell lineages was also confirmed in that study. Notably, 
DDX3X mutations are observed in an EBV-related NK/T-cell 
lymphoma [15]. Therefore, lymphomagenesis in CAEBV 
could be related to serial acquisition of somatic mutations in 
T/NK cells. In the above-mentioned comprehensive genetic 
analysis, frequent intragenic deletions that affected BamHI 
A rightward transcript microRNA clusters and several EBV 
genes were detected in patients with CAEBV [14]. These 
intragenic deletions were also frequently detected in patients 
with various EBV-associated neoplastic disorders; however, 
they were not detected in patients with infectious mononu-
cleosis. These deletions, which are related to upregulation 
of the lytic cycle, led to the enhancement of lymphomagen-
esis in a xenograft model [14, 16]. Therefore, lytic cycle-
associated EBV genes may be involved in lymphomagenesis 
in EBV-associated neoplastic disorders, including CAEBV 
[17, 18].

Epidemiology

CAEBV is most common in East Asia; however, it has been 
documented in Mexico and, occasionally, in Western coun-
tries. The reason for this distribution pattern is unknown; 
however, the genetic propensity of individuals with CAEBV 
has been speculated. A previous report has shown a positive 
correlation between CAEBV and human leukocyte antigen 
(HLA) A26, which is frequently detected in East Asians 
[19].

CAEBV was first identified as a childhood disease. How-
ever, as more physicians are becoming aware of the disease, 
more cases of CAEBV in adults are being documented. The 
mean age of onset of 82 patients with CAEBV included in a 
Japanese nationwide survey was 11.3 years [20]. However, 
the median age of 100 patients included in a recent survey, 
which was conducted from 2016 to 2018, was 21 years, and 
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the number of adult (≥ 20 years) patients was greater than 
the number of pediatric patients [21]. In these surveys, the 
prognosis of older patients (age of onset, ≥ 8 years) with 
CAEBV or adult-onset CAEBV was worse than that of 
younger patients [20, 21].

Clinical features

CAEBV is characterized by persistent infectious mono-
nucleosis-like symptoms, including fever, swollen lymph 
nodes, and hepatosplenomegaly. Patients with CAEBV often 
develop systemic organ diseases, such as hemophagocytic 
lymphohistiocytosis (HLH), peptic ulcer, intestinal pneu-
moniae, vasculitis, uveitis, liver failure, and coronary artery 
aneurysms. Although some patients experience serious 
symptoms that worsen rapidly, others remain stable without 
treatment.

HV-LPD and SMBA are cutaneous manifestations occa-
sionally observed in patients with CAEBV. HV-LPD is a 
photosensitivity dermatosis characterized by vesicular 
lesions on sun-exposed skin that eventually heal, leaving 
depressed scars [3]. SMBA is a cutaneous reaction char-
acterized by swelling, edematous skin reactions, and deep 
ulcers at the sites of bug or mosquito bites and even vac-
cination injections. HV-LPD and SMBA are considered 
cutaneous variants of EBV-positive T/NK lymphoprolif-
erative disorders and are listed as independent diseases in 
the WHO Classification of Hematolymphoid Tumors [4]. 
However, both diseases may overlap and progress to more 
serious conditions. Therefore, CAEBV should be considered 
if patients with HV-LPD and SMBA present with persistent 
systemic symptoms and/or organ disease.

Throughout the course of CAEBV, hematological malig-
nancies, such as aggressive NK-cell leukemia and extranodal 
NK/T-cell lymphoma, nasal type, occasionally develop [20, 
22]. These malignancies can take many months to several 
decades from disease onset to develop.

Diagnosis

Diagnosis of CAEBV is based on a combination of clinical 
features and results of virological studies. The diagnostic 
criteria for “severe, chronic EBV infection” and “severe 
chronic active EBV infection syndrome” were indepen-
dently proposed in 1988 and 1991, respectively [23, 24]. 
These criteria consist of presentation of persistent infectious 
mononucleosis-like symptoms, hematological abnormality/
major organ involvement, and abnormal EBV antibody titers. 
In the 2005 Proposed Guidelines for Diagnosing Chronic 
Active Epstein–Barr Virus Infection published by the Japa-
nese Association for Research on EBV and Related Diseases, 

quantitative EBV polymerase chain reaction (PCR) test was 
recommended as a specific laboratory test for diagnosing 
CAEBV [7].

In 2022, the Ministry of Health Labor and Welfare 
research team in Japan revised the diagnostic criteria for 
CAEBV (Table 1). In these revised diagnostic criteria, con-
firmation of elevated number of EBV genomes and EBV-
infected T/NK cells are required for the diagnosis of CAEBV 
because the available evidence suggests that CAEBV is 
associated with the proliferation of EBV-infected T/NK 
cells. Details of laboratory tests for diagnosing CAEBV are 
described as follows.

Virological studies

EBV‑related antibodies

Unusual EBV antibody profiles, such as extremely high 
anti-viral capsid antigen (VCA)-IgG (≥ 640) and anti-
diffuse and restricted early antigen (EA-DR)-IgG (≥ 160) 
titers measured using fluorescence antibody tests are con-
sidered virological laboratory findings of CAEBV and have 
been included in the previous diagnostic criteria [23–25]. 
However, EBV-seropositive healthy individuals can have 
a high VCA-IgG level without any disease. Moreover, not 
all patients with CAEBV show high EBV-related antibody 
titers. The geometric mean titer for the VCA-IgG of T-cell 
CAEBV is 2010, whereas that of NK-cell CAEBV is 310. 
Furthermore, the geometric mean titers for the anti-EA-DR-
IgG of T-cell and NK-cell CAEBV are 610 and 70, respec-
tively [26]. An unusual pattern of EBV-related antibodies is 
frequently observed in T-cell CAEBV. However, it should 
be noted that some patients with CAEBV, particularly those 
with NK-cell CAEBV, do not show high EBV-related anti-
body titers. Therefore, it is considered that high antibody 
titers are not necessary for the diagnosis of CAEBV.

EBV DNA quantification

Real-time PCR measurement of EBV DNA load is com-
monly performed for the diagnosis or monitoring of EBV-
associated diseases [27]. Patients with CAEBV often show 
extremely high EBV DNA loads in peripheral blood [28, 
29]. Real-time PCR can be used to assess EBV DNA load in 
whole blood or other peripheral blood components, such as 
peripheral blood mononuclear cells (PBMCs) and plasma. 
PBMCs and plasma contain cell-associated and cell-free 
EBV DNA, respectively. Therefore, disease status or etiol-
ogy should be considered when determining the best blood 
component to be assessed for diagnosing each EBV-associ-
ated disease.

EBV DNA load increases in all blood components during 
the active phase of CAEBV, whereas plasma/serum EBV 
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DNA is occasionally undetectable during the inactive phase 
[22, 28]. Therefore, EBV DNA load testing in whole blood 
or PBMCs is preferred for the diagnosis of CAEBV. Con-
versely, it has been demonstrated that patients with CAEBV 
in the active phase have higher plasma EBV DNA loads 
than those with inactive disease [29]. In a recent study by 
Zhen et al., EBV DNA load in plasma was considerably 
more accurate than that in PBMCs in differentiating disease 
activity in NK-cell-type CAEBV [30]. Therefore, plasma 
EBV DNA load is more strongly associated with the dis-
ease activity in CAEBV than EBV DNA load in PBMCs or 
whole blood.

The threshold values of EBV DNA load for diagnos-
ing CAEBV have not been established. In 2016, the WHO 

International Standard for EBV DNA was released to stand-
ardize quantitative PCR and to represent EBV DNA loads 
with an international unit (IU) [31]. Although real-time PCR 
assay for EBV has not been standardized completely, com-
parison of EBV DNA loads across institutions has become 
easier with this standard. The authors of a previous study 
showed that the whole-blood EBV DNA loads of 29 (94%) 
of 31 patients with CAEBV were higher than 10,000 IU/mL, 
and EBV DNA loads in whole blood and PBMCs showed 
strong correlation [29]. As of April 2023, no other studies 
have evaluated EBV DNA loads using IU in a cohort of 
patients with CAEBV. Based on these findings and simplic-
ity of specimen preparation, EBV DNA load ≥ 10,000 IU/
mL in whole blood is proposed as the diagnostic cutoff value 

Table 1   Proposed diagnostic criteria for CAEBV

EBV Epstein–Barr virus, CAEBV chronic active EBV disease, EBER EBV-encoded RNA, ENKL extra nodal NK/T-cell lymphoma nasal type, 
VCA viral capsid antigen, EA early antigen, TCR​ T-cell receptor, HLA human leukocyte antigen

1. Persistent or recurrent infectious mononucleosis-like symptoms for more than 3 months
2. Detection of an increased number of EBV genomes in peripheral blood and/or affected tissues
3. Detection of EBV-infected T or NK cells in peripheral blood and/or affected tissues
4. Chronic illness that cannot be explained by other known disease processes at the time of diagnosis

All four criteria should be met before CAEBV can be diagnosed
Notes

1. Infectious mononucleosis-like symptoms include fever, swollen lymph nodes, and hepatosplenomegaly. Additional complications include 
hematological, digestive tract, neurological, pulmonary, ocular, dermal (hydroa vacciniforme lymphoproliferative disorder and severe mosquito 
bite allergy), and cardiovascular (aneurysm and valvular disease) disorders. Hemophagocytic lymphohistiocytosis due to primary EBV infec-
tion is not considered CAEBV. Hydroa vacciniforme lymphoproliferative disorder and severe mosquito bite allergy with persistent systemic 
symptoms and/or organ disease are considered CAEBV. Patients with CAEBV often develop hemophagocytic lymphohistiocytosis, T/NK 
lymphoma, or leukemia during the course of the disease; however, the diagnosis of CAEBV as a primary illness remains

2. More than 10,000 IU/mL (4.0 log IU/mL) of EBV DNA is detected in whole-blood samples using real-time polymerase chain reaction. EBER 
in situ hybridization is performed for the detection of EBV-positive cells in a tissue

3. Primary or acquired immunodeficiencies, rheumatic diseases, malignant lymphoma (Hodgkin lymphoma, ENKL, angioimmunoblastic T-cell 
lymphoma, and peripheral T-cell lymphoma, not otherwise specific), aggressive NK-cell leukemia, and iatrogenic immunodeficiency should be 
differentiated from CAEBV. The following is a list of suggested laboratory tests for investigating the type of CAEBV and making a differential 
diagnosis:

 (a) EBV-related antibody
  High EBV-related antibody titers measured using fluorescence antibody tests (VCA-IgG ≥ 640 and EA-IgG ≥ 160) are unique virological find-

ings of CAEBV. VCA- and/or EA-IgA antibodies are often detected. High EBV-related antibody titers are not necessary for the diagnosis of 
CAEBV because some patients do not exhibit high antibody titers

 (b) Clonality of EBV-infected cells
  I. Southern blot hybridization with a probe targeting the EBV terminal repeats
  II. TCR​ gene rearrangement

 (c) Histopathological and molecular evaluation
  I. General histopathology
  II. Immunohistological staining
  III. Chromosomal analysis
  IV. Rearrangement studies (e.g., immunoglobulin, TCR)

 (d) Immunological studies
  I. Marker analysis of peripheral blood (including HLA-DR)
  II. General immunological studies (immunoglobulin levels, complement levels, T-cell function proliferation assays, NK-cell cytotoxicity, 

neutrophil function tests)
  III. Cytokine analysis
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for CAEBV in this updated guideline. However, high EBV 
DNA load is also observed in patients with other EBV-asso-
ciated diseases, such as infectious mononucleosis and EBV-
HLH, and occasionally in individuals without any clinical 
manifestations. Thus, CAEBV cannot be distinguished from 
other diseases based solely on EBV DNA loads.

Identification of EBV‑infected cells

EBV-infected cell lineage must be identified for the diag-
nosis of CAEBV as well as for differential diagnosis of 
other EBV-associated disorders, because CAEBV is pri-
marily linked to the proliferation of EBV-infected T/NK 
cells. In situ hybridization (ISH) of the EBV-encoded small 
RNA (EBER) in a tissue specimen is widely performed for 
the detection of EBV-infected cells [32]. However, tissue 
specimens are not always available in clinical settings. EBV-
infected cells can be identified in peripheral blood samples 
by performing real-time PCR on PBMCs fractionated into 
B, T, and NK cells using an immuno-bead method. Theo-
retically, larger EBV DNA loads are detected in cell-sorted 
fractions of an EBV-infected lineage than in unfractionated 
PBMCs or other uninfected fractions. Therefore, EBV-
infected cell lineages can be determined by comparing the 
EBV DNA loads in each cell-sorted fraction. This method 
has been used for the diagnosis of CAEBV or other EBV-
related disorders [26, 33]. However, owing to the low purity 
of sorted cells and/or persistent cell-free EBV DNA, false 
EBV DNA positivity can be detected in some uninfected 
cell lineages.

Alternatively, EBV-infected cell lineages can be evaluated 
using fluorescence in situ hybridization (FISH) flow cytom-
etry (flow-FISH) [34–36]. A flow-FISH assay involves flow 
cytometry with antibody-based staining of surface markers 
in combination with EBERs, which identifies the EBV-
infected cell subset. EBERs are considered the best mark-
ers for the detection of EBV-infected cells since they are 
strongly expressed in all EBV-infected cells [37]. In a previ-
ous study conducted using flow-FISH assay, 0.15–67% of the 
PBMCs of patients with EBV-associated T/NK lymphopro-
liferative diseases, including nine patients with CAEBV, 
were EBER-positive T/NK cells [38]. A flow-FISH assay 
can characterize the details of EBV-infected cell phenotypes; 
however, its sensitivity for the detection EBV-infected cells 
is lower than that of real-time PCR assay using fractionated 
PBMCs as described above. Furthermore, a flow-FISH assay 
is not available in most diagnostic laboratories.

Pathological findings

Definitive morphological findings of CAEBV have not been 
established. Therefore, EBER-ISH studies, which can detect 
even a few EBV-positive cells in a small tissue specimen, 

are crucial for the diagnosis of CAEBV. CAEBV is classi-
fied as a latency type II infection, which is characterized by 
the expression of viral antigens (Epstein–Barr virus nuclear 
antigen 1 and latent membrane proteins 1 and 2). However, 
immunohistochemical staining rarely detects these antigens 
in patients with CAEBV. EBV-positive cells often infiltrate 
the liver, spleen, lymph nodes, and bone marrow; the heart, 
gastrointestinal system, and muscles are less frequently 
affected [7]. The lymphocytes that typically infiltrate these 
organs range in size from small to medium and show no evi-
dence of malignancy. The paracortical hyperplasia and poly-
morphic proliferation of lymphocytes admixed with other 
inflammatory cells are frequently observed in the lymph 
nodes [39, 40]. During disease progression, some patients 
with CAEBV develop lymphoma or leukemia. Thus, histo-
logical examination may reveal a wide range of cytological 
findings, from reactive appearance to overt leukemia/lym-
phoma [41].

The lymphocytes are more commonly of T-cell lineage 
than NK-cell lineage and positive for CD3ɛ and cytotoxic 
markers such as TIA1 and granzyme B [22, 42]. T-lineage 
cells are often positive for TCRαβ and CD4, whereas a 
minority express CD8 and/or TCRγδ [26]. CD56 are posi-
tive, particularly in NK-lineage cells. EBV are infected in 
both T and NK cells in some patients with CAEBV [14].

The clonality of EBV-positive cells has been examined 
using Southern blot hybridization with a probe that targets 
EBV terminal repeats [43]. Patients with CAEBV typically 
exhibit monoclonality; however, some patients have oligo-
clonal or polyclonal EBV population [41]. Thus, whether 
CAEBV is a monoclonal lymphoproliferative disorder origi-
nating from a single cell remains inconclusive. A reset study 
showed that driver mutations in a patient with CAEBV were 
shared by various cell lineages [14]. Therefore, EBV may 
infect a common lymphoid progenitor and lead to clonal 
evolution involving multiple cell lineages [18].

Treatment

Various therapeutic options, including administration of 
anti-viral agents and/or immune-modulatory substances, 
have been employed for the treatment of CAEBV; however, 
no standard treatment approach has been established [44]. 
Currently, hematopoietic stem cell transplantation (HSCT) is 
considered the only curative treatment for CAEBV. The pro-
posed algorithm for the evaluation and treatment of CAEBV 
is shown in Fig. 1.

Chemotherapy

The optimal timing and regimens of chemotherapy for 
CAEBV are controversial. Chemotherapy can reduce disease 
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activity in CAEBV; however, its effect is usually transient 
and the rate of complete remission (CR) is insufficient. 
In a study by Kimura et al., chemotherapy alone induced 
sustained CR in only 1 of 53 patients with CAEBV [22]. 
In a recent analysis of 100 cases of CAEBV [21], cyclo-
sporine A, steroids, and etoposide (cooling treatment) were 
the primary chemotherapy agents administered in 52 cases, 
whereas cyclophosphamide, doxorubicin, vincristine, and 
prednisolone (CHOP) were used in 45 cases. The rates of 
CR after cooling therapy and CHOP were 17% and 13%, 
respectively. Virological CR, which was defined as CR with 
a significant decrease in EBV DNA load, was not observed 
in any patient. Furthermore, the 3-year overall survival (OS) 
rate for 20 patients treated with chemotherapy alone was 0%. 
Based on these previous reports, chemotherapy alone was 
not considered a curative treatment for CAEBV.

Chemotherapy is used to reduce viral load and control 
disease activity in CAEBV before performing HSCT because 
the OS rate for patients with inactive disease is significantly 
higher than that for patients with active disease at the time 

of HSCT [22]. In addition, chemotherapy could reduce 
the risk of HSCT-related complications. A combination of 
immunochemotherapy for the reduction of EBV-infected T/
NK cells before proceeding to allogeneic HSCT (three-step 
strategy, see “Hematopoietic stem cell transplantation”) has 
been proposed [45, 46]. Chemotherapy may control disease 
activity in CAEBV and contribute to improving the outcome 
of HSCT; however, further validation and optimization is 
required establish its efficacy.

Hematopoietic stem cell transplantation

The first successful case of allogeneic HSCT for the treat-
ment of CAEBV was reported in 2000 [47]. Since then, vari-
ous stem cell sources have been used for HSCT for CAEBV 
[48–53]. HSCT is considered the only curative treatment 
for CAEBV. In an analysis of 80 cases, the 15-year OS rate 
for patients with CAEBV treated using HSCT was 60.6%, 
whereas that for patients who did not undergo HSCT was 
25.7% [22]. For the patients who underwent HSCT, age 
(≥ 15 years), active disease status, and time from onset to 
HSCT (≥ 30 months) were associated with poor survival. In 
another study, the 3-year OS rates for patients treated using 
chemotherapy followed by HSCT and those treated using 
HSCT only were 65% and 82%, respectively [21]. In a recent 
study conducted using the Japanese registry database Trans-
plant Registry Unification Management Program (TRUMP), 
the 3-year OS rate for patients with CAEBV who under-
went HSCT (median age, 21 years) was 72.5% [54]. Age 
(≥ 15 years), disease activity, elevated soluble interleukin-2 
receptor level, and conditioning without radiotherapy are 
independently associated with poor survival. Since CAEBV 
is rare in Western countries, reports of patients with CAEBV 
who underwent HSCT are limited. In a previous study by 
Cohen et al. conducted in the United States, 6 of 19 patients 
with CAEBV underwent HSCT, and four of the six patients 
were alive during the observation period [55]. In a recent 
analysis of patients with T/NK-cell-type CAEBV outside of 
Asia, those who underwent HSCT had better survival than 
those who did not; however, relapse was observed in 15 of 
44 patients who underwent HSCT [56].

The optimal conditioning and stem cell sources for 
HSCT for CAEBV have not been established. Kawa et al. 
retrospectively analyzed 29 patients with CAEBV (median 
age, 10  years) who underwent HSCT performed after 
either myeloablative preconditioning (MAC, n = 11) or 
reduced-intensity preconditioning (RIC, n = 18) [45]. The 
3-year OS rate for patients who underwent RIC was signif-
icantly higher than that for patients who underwent MAC 
(85% vs. 55%). Thus, RIC is a more appropriate precondi-
tioning for HSCT for CAEBV than MAC. In a comparative 
study of 17 patients with CAEBV who underwent RIC 
followed by bone marrow transplantation (RIC-BMT) and 

Fig. 1   Algorithm for the evaluation and treatment of CAEBV. 
CAEBV, chronic active EBV disease; EBER, EBV-encoded RNA; 
HSCT, hematopoietic stem cell transplantation



574	 J. Kawada et al.

1 3

15 patients who underwent RIC followed by cord blood 
transplantation (RIC-CBT), the OS rate for the patients 
that underwent RIC-BMT was similar to that for patients 
who underwent RIC-CBT (RIC-BMT, 92.9%; RIC-CBT, 
93.3%) [57]. Therefore, unrelated cord blood can be an 
alternative source for HSCT for CAEBV. However, there 
are few reports of CBT for the treatment of adult CAEBV 
cases. Further studies are required to evaluate the superior-
ity of CBT over other stem cell sources for HSCT.

The findings of previous studies indicate that it is cru-
cial to control disease activity in patients with CAEBV at 
the time of HSCT. The following three-step strategy for 
the treatment of CAEBV has been proposed [45, 46]:

Step 1: Cooling immunochemotherapy with predniso-
lone, cyclosporine A, and etoposide

Step 2: Cytoreduction with modified CHOP (cyclophos-
phamide, pirarubicin, vincristine, and prednisolone) or 
ESCAP (etoposide, cytosine arabinoside, l-asparaginase, 
methylprednisolone, and prednisolone)

Step 3: Reconstruction using RIC for HSCT
The 3-year OS rate after planned HSCT for patients 

with CAEBV treated using this strategy (n = 63) was 87%, 
whereas that for patients with uncontrolled active disease 
was 17%.

Owing to the poor prognosis and insufficient efficacy of 
chemotherapy, HSCT has been recommended as a cura-
tive treatment for CAEBV. However, the indication and 
timing of HSCT should be carefully determined. In some 
patients, the manifestations of CAEBV are self-limiting 
and require minimum supportive care [20, 22]. Consider-
ing the risk of complications associated with HSCT, suf-
ficient evidence has not yet been accumulated to support 
the use of HSCT for the treatment of all patients diagnosed 
with CAEBV. Notably, patients with “active” CAEBV, a 
condition accompanied by fever, liver dysfunction, vas-
culitis, or progressive skin lesions, have poorer outcomes 
after HSCT than patients with inactive disease [54] . 
Thus, HSCT is recommended when the disease activity 
of CAEBV is under control. Diagnosis and treatment of 
CAEBV should be carried out with caution under the guid-
ance of experts of CAEBV.

Acknowledgements  The authors thank the members of the Ministry 
of Health, Labour, and Welfare (MHLW) Research Team in Japan. 
This work was supported by grants to HK and SO from the Ministry 
of Health, Labor, and Welfare of Japan (20FC1004 and 22FC1004, 
respectively).

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

	 1.	 Cohen JI, Kimura H, Nakamura S, Ko YH, Jaffe ES. Epstein–Barr 
virus-associated lymphoproliferative disease in non-immunocom-
promised hosts: a status report and summary of an international 
meeting, 8–9 September 2008. Ann Oncol Off J Eur Soc Med 
Oncol. 2009;20(9):1472–82.

	 2.	 Kimura H, Cohen JI. Chronic active Epstein–Barr virus disease. 
Front Immunol. 2017;8:1867.

	 3.	 Hirai Y, Asada H, Hamada T, Kawada JI, Kimura H, Arai A, et al. 
Diagnostic and disease severity determination criteria for hydroa 
vacciniforme lymphoproliferative disorders and severe mosquito 
bite allergy. J Dermatol. 2023;50(7):e198–205.

	 4.	 Li W. The 5(th) edition of the World Health Organization clas-
sification of hematolymphoid tumors. In: Li W, editor. Leukemia. 
Brisbane (AU): Exon Publications; 2022.

	 5.	 Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo 
IBO, Berti E, et al. The 5th edition of the World Health Organiza-
tion classification of haematolymphoid tumours: lymphoid neo-
plasms. Leukemia. 2022;36(7):1720–48.

	 6.	 Campo E, Jaffe ES, Cook JR, Quintanilla-Martinez L, Swerdlow 
SH, Anderson KC, et al. The international consensus classification 
of mature lymphoid neoplasms: a report from the clinical advisory 
committee. Blood. 2022;140(11):1229–53.

	 7.	 Okano M, Kawa K, Kimura H, Yachie A, Wakiguchi H, Maeda A, 
et al. Proposed guidelines for diagnosing chronic active Epstein–
Barr virus infection. Am J Hematol. 2005;80(1):64–9.

	 8.	 Sugaya N, Kimura H, Hara S, Hoshino Y, Kojima S, Morishima T, 
et al. Quantitative analysis of Epstein–Barr virus (EBV)-specific 
CD8+ T cells in patients with chronic active EBV infection. J 
Infect Dis. 2004;190(5):985–8.

	 9.	 Fujieda M, Wakiguchi H, Hisakawa H, Kubota H, Kurashige 
T. Defective activity of Epstein–Barr virus (EBV) specific 
cytotoxic T lymphocytes in children with chronic active EBV 
infection and in their parents. Acta Paediatr Jpn Overseas Ed. 
1993;35(5):394–9.

	10.	 Takada H, Imadome KI, Shibayama H, Yoshimori M, Wang L, 
Saitoh Y, et al. EBV induces persistent NF-κB activation and con-
tributes to survival of EBV-positive neoplastic T- or NK-cells. 
PLoS One. 2017;12(3): e0174136.

	11.	 Kawada J, Ito Y, Iwata S, Suzuki M, Kawano Y, Kanazawa T, 
et al. mTOR inhibitors induce cell-cycle arrest and inhibit tumor 
growth in Epstein–Barr virus-associated T and natural killer cell 
lymphoma cells. Clin Cancer Res Off J Am Assoc Cancer Res. 
2014;20(21):5412–22.

	12.	 Ando S, Kawada JI, Watanabe T, Suzuki M, Sato Y, Torii Y, 
et al. Tofacitinib induces G1 cell-cycle arrest and inhibits tumor 
growth in Epstein–Barr virus-associated T and natural killer cell 
lymphoma cells. Oncotarget. 2016;7(47):76793–805.

	13.	 Onozawa E, Shibayama H, Takada H, Imadome KI, Aoki S, 
Yoshimori M, et al. STAT3 is constitutively activated in chronic 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


575Updated guidelines for chronic active Epstein–Barr virus disease﻿	

1 3

active Epstein–Barr virus infection and can be a therapeutic target. 
Oncotarget. 2018;9(57):31077–89.

	14.	 Okuno Y, Murata T, Sato Y, Muramatsu H, Ito Y, Watanabe T, 
et al. Defective Epstein–Barr virus in chronic active infection and 
haematological malignancy. Nat Microbiol. 2019;4(3):404–13.

	15.	 Jiang L, Gu ZH, Yan ZX, Zhao X, Xie YY, Zhang ZG, et al. 
Exome sequencing identifies somatic mutations of DDX3X in 
natural killer/T-cell lymphoma. Nat Genet. 2015;47(9):1061–6.

	16.	 Ma SD, Hegde S, Young KH, Sullivan R, Rajesh D, Zhou Y, et al. 
A new model of Epstein–Barr virus infection reveals an important 
role for early lytic viral protein expression in the development of 
lymphomas. J Virol. 2011;85(1):165–77.

	17.	 Münz C. Latency and lytic replication in Epstein–Barr virus-asso-
ciated oncogenesis. Nat Rev Microbiol. 2019;17(11):691–700.

	18.	 Murata T, Okuno Y, Sato Y, Watanabe T, Kimura H. Onco-
genesis of CAEBV revealed: intragenic deletions in the viral 
genome and leaky expression of lytic genes. Rev Med Virol. 
2020;30(2): e2095.

	19.	 Kimura H. EBV in T-/NK-Cell tumorigenesis. Adv Exp Med 
Biol. 2018;1045:459–75.

	20.	 Kimura H, Morishima T, Kanegane H, Ohga S, Hoshino Y, 
Maeda A, et al. Prognostic factors for chronic active Epstein–
Barr virus infection. J Infect Dis. 2003;187(4):527–33.

	21.	 Yonese I, Sakashita C, Imadome KI, Kobayashi T, Yamamoto 
M, Sawada A, et al. Nationwide survey of systemic chronic 
active EBV infection in Japan in accordance with the new WHO 
classification. Blood Adv. 2020;4(13):2918–26.

	22.	 Kimura H, Ito Y, Kawabe S, Gotoh K, Takahashi Y, Kojima S, 
et al. EBV-associated T/NK-cell lymphoproliferative diseases 
in nonimmunocompromised hosts: prospective analysis of 108 
cases. Blood. 2012;119(3):673–86.

	23.	 Straus SE. The chronic mononucleosis syndrome. J Infect Dis. 
1988;157(3):405–12.

	24.	 Okano M, Matsumoto S, Osato T, Sakiyama Y, Thiele GM, 
Purtilo DT. Severe chronic active Epstein–Barr virus infection 
syndrome. Clin Microbiol Rev. 1991;4(1):129–35.

	25.	 Jones JF, Ray CG, Minnich LL, Hicks MJ, Kibler R, Lucas DO. 
Evidence for active Epstein–Barr virus infection in patients with 
persistent, unexplained illnesses: elevated anti-early antigen 
antibodies. Ann Intern Med. 1985;102(1):1–7.

	26.	 Kimura H, Hoshino Y, Hara S, Sugaya N, Kawada J, Shibata 
Y, et al. Differences between T cell-type and natural killer cell-
type chronic active Epstein–Barr virus infection. J Infect Dis. 
2005;191(4):531–9.

	27.	 Kanakry JA, Hegde AM, Durand CM, Massie AB, Greer AE, 
Ambinder RF, et al. The clinical significance of EBV DNA in 
the plasma and peripheral blood mononuclear cells of patients 
with or without EBV diseases. Blood. 2016;127(16):2007–17.

	28.	 Ito Y, Suzuki M, Kawada J, Kimura H. Diagnostic values for the 
viral load in peripheral blood mononuclear cells of patients with 
chronic active Epstein–Barr virus disease. J Infect Chemother 
Off J Japan Soc Chemother. 2016;22(4):268–71.

	29.	 Kawada JI, Kamiya Y, Sawada A, Iwatsuki K, Izutsu K, Torii Y, 
et al. Viral DNA loads in various blood components of patients 
with Epstein–Barr virus-positive T-cell/natural killer cell lym-
phoproliferative diseases. J Infect Dis. 2019;220(8):1307–11.

	30.	 Zheng M, Bao Y, Wang J, Ma Y, Yang Y, Zhang P, et al. The 
superiority of Epstein–Barr virus DNA in plasma over in 
peripheral blood mononuclear cells for monitoring EBV-pos-
itive NK-cell lymphoproliferative diseases. Hematol Oncol. 
2022;40(3):381–9.

	31.	 Fryer JF, Heath AB, Wilkinson DE, Minor PD, Collaborative 
Study G. A collaborative study to establish the 1st WHO Interna-
tional Standard for Epstein–Barr virus for nucleic acid amplifica-
tion techniques. Biologicals. 2016;44(5):423–33.

	32.	 Weiss LM, Movahed LA, Warnke RA, Sklar J. Detection of 
Epstein–Barr viral genomes in Reed-Sternberg cells of Hodgkin’s 
disease. N Engl J Med. 1989;320(8):502–6.

	33.	 Kimura H, Hoshino Y, Kanegane H, Tsuge I, Okamura T, Kawa 
K, et al. Clinical and virologic characteristics of chronic active 
Epstein–Barr virus infection. Blood. 2001;98(2):280–6.

	34.	 Kimura H, Miyake K, Yamauchi Y, Nishiyama K, Iwata S, Iwat-
suki K, et al. Identification of Epstein–Barr virus (EBV)-infected 
lymphocyte subtypes by flow cytometric in situ hybridization 
in EBV-associated lymphoproliferative diseases. J Infect Dis. 
2009;200(7):1078–87.

	35.	 Fournier B, Boutboul D, Bruneau J, Miot C, Boulanger C, Mal-
phettes M, et al. Rapid identification and characterization of 
infected cells in blood during chronic active Epstein–Barr virus 
infection. J Exp Med. 2020;217(11):e20192262.

	36.	 Collins PJ, Fox CP, George L, Pearce H, Ryan G, De Santo C, 
et al. Characterizing EBV-associated lymphoproliferative dis-
eases and the role of myeloid-derived suppressor cells. Blood. 
2021;137(2):203–15.

	37.	 Lerner MR, Andrews NC, Miller G, Steitz JA. Two small RNAs 
encoded by Epstein–Barr virus and complexed with protein are 
precipitated by antibodies from patients with systemic lupus ery-
thematosus. Proc Natl Acad Sci USA. 1981;78(2):805–9.

	38.	 Kawabe S, Ito Y, Gotoh K, Kojima S, Matsumoto K, Kinoshita T, 
et al. Application of flow cytometric in situ hybridization assay to 
Epstein–Barr virus-associated T/natural killer cell lymphoprolif-
erative diseases. Cancer Sci. 2012;103(8):1481–8.

	39.	 Hue SS, Oon ML, Wang S, Tan SY, Ng SB. Epstein–Barr virus-
associated T- and NK-cell lymphoproliferative diseases: an update 
and diagnostic approach. Pathology. 2020;52(1):111–27.

	40.	 Kim WY, Montes-Mojarro IA, Fend F, Quintanilla-Martinez L. 
Epstein–Barr virus-associated T and NK-cell lymphoproliferative 
diseases. Front Pediatr. 2019;7:71.

	41.	 Ohshima K, Kimura H, Yoshino T, Kim CW, Ko YH, Lee SS, 
et al. Proposed categorization of pathological states of EBV-
associated T/natural killer-cell lymphoproliferative disorder 
(LPD) in children and young adults: overlap with chronic active 
EBV infection and infantile fulminant EBV T-LPD. Pathol Int. 
2008;58(4):209–17.

	42.	 Ohshima K, Suzumiya J, Sugihara M, Nagafuchi S, Ohga S, 
Kikuchi M. CD95 (Fas) ligand expression of Epstein–Barr 
virus (EBV)-infected lymphocytes: a possible mechanism of 
immune evasion in chronic active EBV infection. Pathol Int. 
1999;49(1):9–13.

	43.	 Kikuta H, Nakanishi M, Sakiyama Y, Matsumoto S. Chronic 
active Epstein–Barr virus (EBV) infection is associated with clo-
notypic intracellular terminal regions of the EBV. J Infect Dis. 
1989;160(3):546–7.

	44.	 Bollard CM, Cohen JI. How I treat T-cell chronic active Epstein–
Barr virus disease. Blood. 2018;131(26):2899–905.

	45.	 Kawa K, Sawada A, Sato M, Okamura T, Sakata N, Kondo O, 
et al. Excellent outcome of allogeneic hematopoietic SCT with 
reduced-intensity conditioning for the treatment of chronic active 
EBV infection. Bone Marrow Transplant. 2011;46(1):77–83.

	46.	 Sawada A, Inoue M, Kawa K. How we treat chronic active 
Epstein–Barr virus infection. Int J Hematol. 2017;105(4):406–18.

	47.	 Okamura T, Hatsukawa Y, Arai H, Inoue M, Kawa K. Blood 
stem-cell transplantation for chronic active Epstein–Barr 
virus with lymphoproliferation. Lancet (London, England). 
2000;356(9225):223–4.

	48.	 Fujii N, Takenaka K, Hiraki A, Maeda Y, Ikeda K, Shinagawa K, 
et al. Allogeneic peripheral blood stem cell transplantation for the 
treatment of chronic active Epstein–Barr virus infection. Bone 
Marrow Transplant. 2000;26(7):805–8.

	49.	 Ishimura M, Ohga S, Nomura A, Toubo T, Morihana E, Saito Y, 
et al. Successful umbilical cord blood transplantation for severe 



576	 J. Kawada et al.

1 3

chronic active Epstein–Barr virus infection after the double fail-
ure of hematopoietic stem cell transplantation. Am J Hematol. 
2005;80(3):207–12.

	50.	 Sato E, Ohga S, Kuroda H, Yoshiba F, Nishimura M, Nagasawa 
M, et al. Allogeneic hematopoietic stem cell transplantation for 
Epstein–Barr virus-associated T/natural killer-cell lymphoprolif-
erative disease in Japan. Am J Hematol. 2008;83(9):721–7.

	51.	 Gotoh K, Ito Y, Shibata-Watanabe Y, Kawada J, Takahashi Y, 
Yagasaki H, et al. Clinical and virological characteristics of 15 
patients with chronic active Epstein–Barr virus infection treated 
with hematopoietic stem cell transplantation. Clin Infect Dis Off 
Publ Infect Dis Soc Am. 2008;46(10):1525–34.

	52.	 Luo YH, Yang J, Wei A, Zhu GH, Wang B, Zhang R, et  al. 
Haploidentical hematopoietic stem cell transplantation for 
pediatric patients with chronic active Epstein–Barr virus infec-
tion: a retrospective analysis of a single center. World J Pediatr. 
2021;17(6):626–36.

	53.	 Fan S, Chen J, Liu Z, Xiao J, Jiang F, Liu X, et al. Efficacy of 
allogeneic hematopoietic stem cell transplantation with cocktail 
conditioning regimen for the treatment of pediatric patients with 
chronic active Epstein–Barr virus: a retrospective observational 
study. Stem Cells Dev. 2022;31(1–2):26–31.

	54.	 Yamamoto M, Sato M, Onishi Y, Sasahara Y, Sano H, Mas-
uko M, et al. Registry data analysis of hematopoietic stem cell 

transplantation on systemic chronic active Epstein–Barr virus 
infection patients in Japan. Am J Hematol. 2022;97(6):780–90.

	55.	 Cohen JI, Jaffe ES, Dale JK, Pittaluga S, Heslop HE, Rooney CM, 
et al. Characterization and treatment of chronic active Epstein–
Barr virus disease: a 28-year experience in the United States. 
Blood. 2011;117(22):5835–49.

	56.	 Dávila Saldaña BJ, John T, Bonifant C, Buchbinder D, Chandra 
S, Chandrakasan S, et al. High risk of relapsed disease in patients 
with NK/T-cell chronic active Epstein–Barr virus disease outside 
of Asia. Blood Adv. 2022;6(2):452–9.

	57.	 Sawada A, Inoue M, Koyama-Sato M, Kondo O, Yamada K, 
Shimizu M, et al. Umbilical cord blood as an alternative source 
of reduced-intensity hematopoietic stem cell transplantation for 
chronic Epstein–Barr virus-associated T or natural killer cell 
lymphoproliferative diseases. Biol Blood Marrow Transplant. 
2014;20(2):214–21.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Updated guidelines for chronic active Epstein–Barr virus disease
	Abstract
	Introduction
	Etiology
	Epidemiology
	Clinical features
	Diagnosis
	Virological studies
	EBV-related antibodies
	EBV DNA quantification
	Identification of EBV-infected cells

	Pathological findings

	Treatment
	Chemotherapy
	Hematopoietic stem cell transplantation

	Acknowledgements 
	References




