CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Clinical and virologic characteristics of chronic active Epstein-Barr virus infection
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Thirty patients with chronic active Ep-

stein-Barr virus (CAEBV) infection were
analyzed. The study group included 18
male and 12 female patients, ranging in
age from 5 to 31 years with a mean age of
14.2 years. Not all patients had high titers
of EBV-specific antibodies, but all pa-
tients had high viral loads in their periph-

eral blood (more than 10 25 copies/ pg

DNA). Fifty percent of the patients dis-
played chromosomal aberrations, and
79% had monoclonality of EBV. Patients
were divided into 2 clinically distinct
groups, based on whether the predomi-
nantly infected cells in their peripheral
blood were T cells or natural killer (NK)

cells. Over a 68-month period of observa-
tion, 10 patients died from hepatic failure,
malignant lymphoma, or other causes.
Patients with T-cell CAEBV had a shorter
survival time than those with NK-cell type
of disease. (Blood. 2001;98:280-286)
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Introduction

Epstein-Barr virus (EBV) is ubiquitous in humans with moshydroa vacciniforme-like eruptiori81*On the other hand, we and
individuals being infected by early adulthood. Primary EB\others have reported patients with CAEBV infection had extremely
infection is usually asymptomatic, but sometimes it results ihigh viral loads, as assessed by quantitative polymerase chain
infectious mononucleosis, which resolves spontaneously after tigaction (PCR}?!3 Moreover, accumulating evidence suggests
emergence of EBV-specific immunity EBV causes chronic that clonal expansion of EBV-infected T or natural killer (NK) cells
infections in apparently immunocompetent hosts. Chronic acti@uld be associated with CAEBV infecti6ri:101417A review of

EBV (CAEBV) infection was characterized by chronic or recurrerfhe criteria for CAEBV infection appears to be necessary, based on
infectious mononucleosis—like symptoms persisting over a logese recent findings.

time and by an unusual pattern of anti-EBV antibodi€®atients ~ 1he purpose of this study was to elucidate the pathogenesis
with this disease have no evidence of any prior immunongf_CA_EBVinfe.c_tion and to formulate more preciselythg disease
abnormalities or of any other recent infection that might explaiffitéria to facilitate the development of more effective treat-
their condition®4 CAEBV is a disease with a high mortality andMents. We analyzed 30 cases of CAEBV infection and found

high morbidity with life-threatening complications, such as virust-hf"‘t "’_‘bOUt one third of the patients did not mt_eet the proposed
iteria of unusual patterns of EBV-related antibodies, but that

associated hemophagocytic syndrome, interstitial pneumonia, lyft} ) ) . X - .
phagocyfic sy P Y patients had high viral loads in their peripheral blood.

|
homa, coronary artery aneurysms, and central nervous s S%Jn . .
i?wolvementw y y 4 4 atients were divided into 2 groups, T-cell type and NK-cell

Straud defined the 3 main criteria of CAEBV infection astype, based on the predominant infected cell population found in

follows: (1) severe illness lasting more than 6 months that begantgg peripheral blood. Distinct clinical features and prognoses

. ) . . . ere defined for each of these groups.
a primary EBV infection and that was associated with gross?’)\/’ group
abnormal EBV antibody titers, antiviral capsid antigens (VCA)
immunoglobulin G (IgG) at least 5120, anti—early antigens (EA)
IgG at least 640, or anti-EB nuclear antigens (EBNA) less than Patients and methods
(2) histologic evidence of major organ involvement such as .
. o K : Patients
interstitial pneumonia, hypoplasia of some bone marrow elements,
uveitis, lymphadenitis, persistent hepatitis or splenomegaly; aftlirty patients, referred to the Nagoya University School of Medicine with
(3) increased quantities of EBV in affected tissues. Subsequenglyspected CAEBV infection, were enrolled in this study. All the patients
Okano and his colleagugroposed similar criteria to diagnosef“”i”ed the following diagnostic criteria: (1) lliness of more than 6 months’
severe CAEBV infection. Importantly, many cases have be‘%ﬁlration: EBV-related illness or symptoms including fever, persistent

. LT . epatitis, extensive lymphadenopathy, hepatosplenomegaly, pancytopenia,
reported that do not safisfy the criteria described above. Soﬂ’gitis,interstitial pneumonia, hydroa vacciniforme, or HMB. (2) Increased

patients |faCk abnormal patterns O‘_c EBV-related antibodies, Wher%ﬁ%ntities of EBV in either affected tissues or peripheral blood. The amount
other patients lack major organ involvement and have only skifiEBV was defined as increased when one or more of the following criteria
symptoms, such as hypersensitivity to mosquito bites (HMB) orere met: (a) EBV DNA was detected in tissues or peripheral blood by
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Southern blot hybridization, (b) EB-encoded small RNA 1 (EBER1) RNA SAP/SH2D1Ajene were amplified by PCR. The sequencing reaction was
cells were detected in tissues or peripheral blood, or (c) more thah 1(®erformed using the BigDye terminator cycle sequencing kit (PE Applied
copiesfiug DNA were detected in peripheral blood mononuclear cellBiosystems) with an automated ABI PRISM 310 genetic analyzer (PE
(PBMC)12 (3) No evidence of any prior immunologic abnormalities or ofApplied Biosystems).

any other recent infection that might explain the condition. All the results

for patients examined were negative for human immunodeficiency
rus antibody.

Bone marrow aspiration was done in most cases, and various findingse 2-tailed Studertttest was used to compare the means of clinical and
were obtained. Some patients showed normocellular marrow without aja$oratory data for each group. The Fisher exact test was used for the
abnormal findings; others showed hypocellular marrow with mild oomparison of clinical differences within groups. A regression analysis was
moderate hemophagocytosis. In all patients, however, bone marrow finged to compare EBV DNA copy numbers in PBMC and p|asma. The
ings showed an absence of hematologic malignant disorders at the diagnggibability of survival was estimated by the Kaplan-Meier method. The
of CAEBV infection. differences between 2 groups were studied by a log-rankRestlues less

Our disease criteria did not include antibody titers; therefore, patientsan .05 were considered statistically significant.
with normal patterns of EBV antibodies were enrolled in this study. Patients
who had 2 or more life-threatening complications were defined as having
severe disease. Patients who had either one or no complications were
defined as suffering mild disease. Results

Vi ...
étatlstlcal analyses

Samples Clinical manifestations of CAEBV infection

Whole blood Obta'ne(.j from patients was Cem”f“ged.and Separ.ated 'Efcﬂe clinical characteristics of each patient are summarized in Table
plasma and cell fractions. All the samples were obtained after inform

consent from either patients or their parents. The cell fraction was separaj’ed)eta"ed clinical features of some patients have been previously

into PBMC on Ficoll-Paque density gradients (Pharmacia Biotech, Pisc4€Scribed elsewhefé?22The study group consisted of 18 male
away, NJ). DNA was extracted from eitherx210° PBMC or 200 and 12 female patients, ranging in age from 5 to 31 years (mean,
plasma using a QlAamp Blood Kit (Qiagen, Hilden, Germany) and4.2 years). The age at onset of CAEBV infection was 1 to 27 years
resuspended in 50L distilled water. (mean, 8.3 years), and at time of onset 14 of 30 patients had an
infectious mononucleosis—like illness. Three of the latter patients
developed viral-associated hemophagocytic syndrome at that time.
Areal-time quantitative PCR assay with a fluorogenic probe was performé@ie treatment for each patient is shown in the Table 1. Seven
using the TagMan PCR kit and a Model 7700 Sequence Detector (PEtients underwent allogeneic stem cell transplantation during the
Applied Biosystems, Foster City, CA), as previously describédThe period of observation. The indications for transplantation were
amount of EBV DNA was calculated as the number of virus copies p@ialignant lymphoma for 4 patients, intractable hemophagocytic
microgram PBMC DNA or per milliliter plasma. The EBV detection limit syndrome for 2 patients, and acute leukemia for 1 patient. During
in this assay was approximately 10 copieg/DNA for PBMC and 50 e gpservation period ranging from 15 to 261 months (mean, 68
copies/mL for plasma. months), 10 patients died; causes of death were hepatic failure (3
Determination of predominantly infected cells in patients), malignant lymphoma (2 patients), transplantation-related
peripheral blood complications (2 patients), and sepsis, myocardial infarction, and
) ) ] ~ hemophagocytic syndrome (1 patient each). The overall frequen-
To dftermlnf which cells harbored EBV, the PBMC Were‘fractlonated iNYes of individual symptoms and life-threatening complications are
o Coesmat ot . o, S b2 summaized n Table 2. HVE, ich wasfecenty sho o be one
' : ! ' 5 the features in CAEBV infectio#, was observed in about 40%

were analyzed by either quantitative PCR or an in situ hybridization ass i . . . .
The in situ hybridization assay was performed using the EBER1 probe% the patients. Calcification in the basal ganfiisas observed in

described previous? Patients were defined as having the T-cell type ofPProximately 20% of the patients. Four patients had hydroa
disease when mainly CD3cells gave a positive hybridization signal with vacciniforme-like eruptions.

EBERL1 or had larger amounts of EBV DNA than other cells in the bloo
sample. Patients were defined as having NK-cell type when their €CD1
cells were the major group of cells harboring EBV.

Quantitation of EBV DNA

BV-related antibody titers at time of diagnosis

The EBV-related antibody titers of each patient are shown in Table
1. Although most patients had high antibody titers against VCA IgG
and EA IgG, only a limited number of patients fulfilled the criteria
The clonality of EBV was determined by Southern blotting using a terming Straus (ie, VCA IgG= 5120, EA IgG= 640, negative results for

repeat probe as previously descrided® Genomic DNA extracted from EBNA).4 Indeed, about one third of the patients (patients 7, 9, 14
PBMC was digested witlBanH|I, subjected to gel electrophoresis, trans- : . . LT
ferred to a nylon membrane, hybridized witi?®-labeledXhal fragment 17,18, 23, 24, 25, and 30) did not fulfill any of the above criteria.

from the terminal region of EBV, and visualized by autoradiography. Viral load in peripheral blood

Southern blot hybridization

Detection of chromosomal abnormalities Peripheral blood was obtained from each patient on referral, and

The PBMC were cultured in the presence of 300 U/mL interleukin (IL) 2 foYiral load was determined by real-time quantitative PCR (Table 1).
3 to 5 days. The cells were subjected to standard cytogenetic procedufdde findings in all patients were positive for EBV DNA in PBMC
without stimulation with phytohemagglutinin, and 20 cells in metaphase pand had EBV loads greater thar?®@opiesfug DNA. On the other
sample were stained and counted. hand, findings in 6 patients were negative for plasma EBV DNA,
although copy numbers of EBV DNA in PBMC and plasma
generally correlated with each other (Figure 1). The mean copy
Analysis of the SAP/SH2D1Agene was performed as previously de-numbers of EBV DNA were 1% copiesfrg DNA in PBMC and
scribed?® Briefly, DNA was extracted from PBMC, and 4 exons of thel(?7 copies/mL in plasma.

Genetic analysis of the SAP/SH2D1A gene
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Table 1. Characteristics of 30 patients with chronic active Epstein-Barr virus infection

EBV-related antibodies EBV DNA (log)
PBMC
Age  Onset (copy/ug Plasma

No Sex ) ) Outcome  VCAIgG EAIgG EBNA DNA) (copy/mL) Treatment Clonality Cell type

1 M 6 4 Alive 5120 2560 <10 35 3.0 None n.d. T

2 M 6 1 Alive 320 160 <10 4.2 35 ACV, ara-A, IFNq, IL2 n.d. T

3 M 6 3 Dead 5120 2 560 80 3.6 2.8 ACV, ara-A, IFNa, CTL mono T(CD8)

4 M 7 6 Dead 5120 1280 40 4.2 2.8 ACV, PSL n.d. T

5 F 9 8 Alive 5120 640 40 3.6 3.0 None poly T

6 M 10 8 Dead 640 640 <10 3.8 3.6 ara-A, PSL, VP16/PSL/CSA n.d. T(CD4)

7 M 10 5 Alive 1280 20 40 4.9 n.d. CHOP, HSCT mono T

8 M 11 9 Dead 2560 5120 40 4.3 2.9 ACV, GCV, IFNq, IL2, PSL mono T

9 F 12 10 Alive 640 160 40 5.0 45 ACV, IFNg, IL2, PSL, CHOP oligo T(CD4)
10 M 12 7 Alive 5120 2 560 40 35 n.d. CHOP, HSCT mono T
11 F 13 11 Dead 5120 1280 40 4.2 3.1 VP16/PSL/CSA, CHOP poly T
12 M 18 13 Alive 1280 640 20 4.5 2.0 ACV, IFNa, PSL, VP16, MOPP n.d. T(CD8)
13 M 18 11 Alive 10240 10240 10 4.0 3.6 MOPP n.d. T
14 F 19 14 Dead 1280 160 40 4.8 4.2 PSL, CSA, CHOP, HSCT mono T
15 F 25 23 Alive > 10 240 2560 10 3.9 2.0 VP16/PSL/CSA mono T(CD4)
16 M 29 27 Alive 2560 2 560 20 3.6 Negative ~ VP16/PSL/CSA n.d. T
17 M 5 3 Alive 1280 40 80 4.8 3.6 ACV, PSL, VP16/PSL/CSA mono NK
18 F 7 6 Alive 320 20 40 4.6 4.2 None mono NK
19 F 12 4 Alive 640 2 560 160 4.0 n.d. ara-A mono NK
20 M 13 9 Alive 5120 1280 40 4.3 Negative  ACV, ara-A, PSL, VP16/PSL/CSA n.d. NK
21 F 14 2 Dead 2 560 320 <10 4.8 4.2 ACV, ara-A, PSL, HSCT mono NK
22 F 14 9 Dead 320 640 40 4.7 n.d. PSL, splenectomy mono NK
23 M 15 9 Alive 40 10 80 4.6 4.1 PSL mono NK
24 M 16 2 Alive 80 40 10 4.4 4.6 ara-A mono NK
25 M 17 12 Alive 640 n.d. 10 3.8 Negative ~ VP16/PSL/CSA, HDCA, HSCT mono NK
26 M 18 8 Dead 160 10 <10 4.7 Negative ~ VP16/PSL/CSA, HDCA, HSCT mono NK
27 F 19 13 Alive 10 240 5120 160 4.5 3.1 None oligo NK
28 F 19 6 Alive 40 10 <10 4.6 Negative PSL n.d. NK
29 M 14 2 Alive 1280 320 <10 2.6 Negative PSL n.d. Unclassified
30 F 31 3 Dead 640 20 40 4.8 4.6 PSL, VP16/PSL/CSA, HSCT n.d. Unclassified

VCA indicates viral capsid antigens; EA, early antigens; EBNA, EB nuclear antigens; PBMC, peripheral blood mononuclear cells; ACV, acyclovir; ara-A, vidarabine; IFNa,
interferon-a; IL2, interleukin 2; CTL, cytotoxic T lymphocytes therapy; PSL, prednisolone; VP16, etoposide; CSA, cyclosporin A; CHOP, cyclophosphamide, daunorubicin,
vincristine, prednisolone; HSCT, hematopoietic stem cell transplantation; MOPP, mechlorethamine, vincristine, procarbazine, prednisolone; HDCA, high-dose cytarabine; n.d.,
not done; NK, natural killer.

We also studied whether viral loads correlated with disease In 23 patients, the viral loads were measured serially over
severity. Patients were divided into 2 groups based on the numlodservation periods ranging from 4 to 72 months (mean, 20
of life-threatening complications, listed in Table 2. Patients whmonths). Alterations in the viral load are shown in Figure 2. Viral
had 2 or more life-threatening complications had higher viral loadsads in patients who had not undergone transplantation did not
(10*5* 04 copiesfng DNA in PBMC and 18°=10 in plasma; change appreciably during this period, except in the case of a single
values are meart SD) compared with patients with mild diseasepatient (Figure 2A). Significantly, 7 patients who had undergone
severity (161* %6 copiesfug DNA in PBMC and 182*17 cop-  stem cell transplantation showed significant decreases in viral load
ies/mL in plasma). The differences between the 2 groups were
statistically significant in PBMCR = .046 for PBMC values and

o~
P = .06 for plasma values). —E' 105 -
3 °g8°
T.able'z. C!inical features of 30 patients with chronic active Epstein-Barr @ 104 4 @
virus infection E. O OO
Symptoms and signs (%) Life-threatening complications (%) 8 1 O3 -1 @
Fever 100 Hemophagocytic syndrome 21 ~
Liver dysfunction 90 Coronary artery aneurysm 21 g 1 02 ] o O
Splenomegaly 90 Hepatic failure 18 7))
Lymphadenopathy 50 Malignant lymphoma 16 ..‘! 1 01 7
Thrombocytopenia 50 Interstitial pneumonia 12 Q
Anemia 48  Central nervous system involvement 7 o @O @
HMB 43 Sepsis 7 ! ! ! ' ! '
Skin rash 28  Pulmonary hypertention 4 1 02 1 03 1 04 1 05
Calcification in basal ganglia 18 Intestinal perforation 4 PBMC (CopieS/Mg DNA)
Oral ulcer 18 Myocarditis 4
Hydroa vacciniforme 14 Figure 1. Correlation of EBV DNA genome number between PBMC and plasma.

Aregression analysis was used for the comparison (r = 0.52, P = .006). A dotted line
HMB indicates hypersensitivity to mosquito bites. shows the detection limit for plasma.
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A B showed predominant B-cell infection with EBV, and 2 patients
1051 1051 could not be classified.
« The symptoms and laboratory or virologic characteristics of
Zz 10% 1041 the T-cell and NK-cell types were compared (Table 4). The
@ 103 103 T-cell type of CAEBV infection was characterized by frequent
= high fever and high titers of VCA IgG and EA IgG. On the other
& 102 1021 hand, patients with the NK-cell type of infection were character-
© ized by HMB, large granular lymphocytosis, and high IgE titers.
1 1 S .
10 10 o35 The most striking difference observed between these 2 types
was survival probability. Patients with the T-cell type of
at referral latest at referral latest CAEBYV infection had shorter survival times than those with

Figure 2. Alterations in the viral load in PBMC.  Viral load was serially monitoredin ~ NK-Cell type of infection (Figure 3A). Because stem cell

23 patients and compared to the level at referral. (A) Patients without hematopoietic  transplantation dramatically influences outcome, patients with

stem cell transplantation (n = 16). (B) Patients receiving transplants (n = 7). Dotted transplantation were excluded and analyzed. AIthough statistical

lines show the detection limit. g L .
significance diminished because of the decrease of patient
number, similar results were obtained (Figure 3B).

(< 10?>copiesfug DNA) after transplantation. Although 4 of these

patients died within 60 days of transplantation, the other 3 patients

have maintained low viral loads and have been free of CAEBBjscussion

related symptoms.

) An accumulating body of evidence suggests that clonal expansion
SAP/SHZD1A gene analysis of EBV-infected T or NK cells is associated with CAEBV

X-linked lymphoproliferative syndrome (XLP), which is characterinféction®7-1%:14%7In our study, most of the patients with CAEBV
ized by severe and often fatal infectious mononucleBdiss been P€longed to either the T- or NK-cell type. In healthy carriers, EBV
shown to result from a defect in th8AP/SH2D1Agene?*2 exists latently in resting memory B ceflst is unclear whether the
Because clinical characteristics of CAEBV infection might mimid?vasion of blood cells other than B cells causes CAEBV infection
those of XLP, we analyzed tH@AP/SH2D1Agene of all 18 male or the invasion is an ordinary event, but the host’s immunologic

patients in our study by direct sequencing. However, no mutatioﬁgnormalities allow the expa.nsio.n of thgse cells. Recently, a defect
were found in the coding region of the gene, indicating thal theSAP/SH2D14yene was implicated in XLP, a fatal lymphopro-

. ; 126 Dor . X .

CAEBV infection might be differentiated from XLP. Ilferatlve_dlsor(_jel"l. . Patn_ents with XLP are exclusw_ely bpys in
whom primary infection with EBV causes lymphoproliferation and

Clonality and chromosomal examination severe hepatitis, mimicking CAEBYV infectié#?” Therefore, we

. . . examined th&SAP/SH2D1Ayene in all the male subjects enrolled
The clonality of EBV in 19 patients was analyzed by Southem blgt o\ 5,4y, but did not find any abnormalities. However, it is
hybridization using an EBV terminal repeat probe and 15 (79%)

were defined as monoclonal (Table 1). We examined chromosomal
material from isolated PBMC. Preliminary experiments showethble 3. Chromosomal aberrations in peripheral blood mononuclear cells

that a standard chromosomal examination with phytohemaggluti- Normal

nin was normal. Because T cells and NK cells are reported {Qient karyotype Chromosomal aberration

harbor EBV in patients with CAEBV infection, we stimulated No. Pattern  No. Pattern of aberration No.
PBMC in culture with IL-2 and then carried out the cytogenetic g 46XY 19 48XY,+1,+3 1
procedures. The PBMCs of 50% (10 of 20) of the patients & 46XY 19 46,XY, add(2)(q33), add(7)(q22), — 16, 1
examined in this way exhibited aberrant chromosomal patterns - 18, + 2mar

(Table 3). Some patients had multiple, different aberrations. Theré4 46,XX 0 46XX, del(15)(q22024) 14
was no chromosomal specificity in patterns or accumulations. The 46,XX, add(15)(q22) 2
clinical and virologic features were compared between patients 46,XX, (10, 13)(p11; q12), del(15)(q22q24) 1

with or without chromosomal aberrations. Although no statistically 46.XX, — 7, add(11)(q13), del(15)(a2224),

ignificant _diff bserved b he 2 o :
signi icant differences were o servec etween the groups, 47X, + 8, del(15)(q22024) N
patients who had chromosomal aberrations appeared to have higher 47, XX, del(15)(q22q24), + mar 1
rate of malignancy (40% versus 10%,= .15). Other features 17 46XY 19 47XY, — 3, del(4)g?), 76, — 7, 1
were not different between the 2 groups. dic(12;?)(q24;?), del(17)(q11q21),

+ 3mar

T-and NK-cell types of CAEBV 20 46XY 19 47.XY, dic(9;13)(q32,934), + 2mar 1
To determine which cells were infected with EBV, PBMC were 21 46,XX 1 iz’iz‘ ;dz(’l;r(:'%) i
fractionated |n'Fo CDS, CD.4+,.CD8+, CDl(_a‘*, qr CD19*_ gell; and - 46.XX 16 46.XX, add(9)(p1?) 3
analyzed by either quantitative PCR or in situ hybridization. The 46.XX, 1(7:14)(q32:91?) 1
results show that 16 of 30 patients were T-cell type (Table 1),54 46XY 18 46,XY, del(2)(p13) 1
because their CD3cells were the predominant carriers of EBV. 46,XY, 1(9;20)(q34;q11) 1
The T-cell type of patients were further classified as eitherC(34 25 46XY 19 46XY,t(4;16), (g1, q22) 1
patients) or CD8 (2 patients). Twelve patients were classified as 29* 46,XY 2 4TXY, Y 2

NK-cell type (Table l)’ be(_:ause their Cmﬁe”s’ and not '[he-II’ Twenty cells in metaphase were stained and counted in each patient.
CD3* cells, were the main sources of EBV. None of patients *only 4 cells in metaphase were analyzed in the patient.
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Table 4. Differences between T- and natural killer—cell type of chronic active
Epstein-Barr virus infection

T-cell type NK-cell type

(n = 16) (n=12) P

Symptoms

Fever, > 1 d/wk (%) 67 25 .04

HMB (%) 13 75 .002

Splenomegaly (%) 73 100 .08

Large granular lymphocytosis (%) 13 83 .0004

Calcification in basal ganglia (%) 7 33 .10
Laboratory data

1gG (mg/dL, mean *+ SD) 2213 = 1104 1682 + 464 A1

IgE (IU/mL, mean = SD) 282 + 298 2774 = 3774 .04

VCA IgG (geometric mean titer) 2405 446 .01

EA IgG (geometric mean titer) 831 119 .02

EBNA (geometric mean titer) 30 45 24
Viral load

PBMC (copies/iug DNA, mean * SD) 1041+05 1044+04 .09

Plasma (copies/mL, mean =+ SD) 1029+11 1024+21 .49

HMB indicates hypersensitivity to mosquito bites; VCA, viral capsid antigens; EA,
early antigens; EBNA, EB nuclear antigens; PBMC, peripheral blood mononuclear
cells. Fisher exact test was used to compare symptoms between groups. Student ¢
test was used to compare the mean copy numbers of EBV-DNA or laboratory data.
Bold letters indicate statistically significant results.

possible that a defect in another gene essential for regulat
lymphocyte activation and proliferation may be a cause of CAEB
infection. Such a defect or single nucleotide polymorphism might

BLOOD, 15 JULY 2001 - VOLUME 98, NUMBER 2

particularly important in assessing treatment choices. To date, a
treatment for CAEBV infection has not yet been established.
Antiviral or immunomodulating agents, such as acyclovir, gancy-
clovir, vidarabine, interferone, and IL-2, have been tried:33We
reported the adoptive transfer of virus-specific cytotoxic T lympho-
cytes to a patient with CAEBYV infectiotf.However, most of these
reports were anecdotal and there are few confirmatory reports.
Immunochemotherapy consisting of etoposide, steroids, and cyclo-
sporin A was proposed for use in patients with advanced CAEBV
infection® but no evidence of its efficacy is available. Recently,
successful treatment of CAEBV infection by allogeneic bone
marrow transplantation has been repoR&ih. our study, it is clear
that viral loads decreased in all patients receiving transplants, some
of whom appeared to be cured. However, hematopoietic stem cell
transplantation constitutes a considerable risk, because 4 of 7
patients died after transplantation. Prospective studies analyzing a
larger number of patients with CAEBV infection are necessary to
confirm the efficacy of transplantation and to establish safer
conditioning regimens.

Oshima and colleagu®&seported that chromosomal abnormal
ity occurred in the lymph nodes of patients with CAEBV. In this
study, 50% of the patients examined had chromosomal aberrations
in their peripheral blood cells and 79% of patients showed
i noclonality of EBV. Because there were no specific patterns of
gté?netic aberration, and some patients displayed several different

influence the function of virus-specific or nonspecific lymphocytes 1 4
and thereby allow the expansion of EBV-infected T or NK cells. It >
has been reported that EBV-infected T and NK cells express & .8 A
limited range of viral antigens? EBV-infected B cells express at s 1 : NK-cell type
least 9 antigens, some of which are antigenic enough to b .6
presented to cytotoxic T lymphocytes. This is called latent infection§ 1 —
type 1. EBV-infected T and NK cells express only EB nuclear'-g 4 T-cell type
antigen 1 and latent membrane protein 1; this is called latenta ]
infection type 212 The expression of viral antigens was examinedg 2 P=.03
in some of our patients, and they were typ¥® 2 Because these 2 ]
proteins are less antigenic, infected cells can evade from immune 0
surveillance by cytotoxic T lymphocytes. Therefore, they may ' ' R ' ' '
proliferate and cause chronic infection. 0 20 40 60 80 100 120 140 160 180
There were several noteworthy differences between the T- and Months after onset
NK-cell types of CAEBV infection. T-cell type of disease was
characterized by fever and high titers of EBV-related antibodiesB 1 -
whereas HMB and high IgE were observed in patients with theg, NK-cell type
NK-cell type of CAEBV infection. Although not statistically E 8 - L L —
significant, patients with T-cell type of CAEBV infection had S ]
higher 1gG levels than those with NK-cell type. It remains unclear% 6
whether these 2 manifestations of disease represent different 1
entities or simply appear different because of the nature of theg 4
infected cells. It is possible that EBV-infected T cells becomeg_ T-cell t
. . . . cell type
activated and release inflammatory cytokines such as interfgron- @ 2 - =.06
IL-6, or tumor necrosis factos- (TNF-), resulting in severe &
inflammation and fever. In EBV-related hemophagocytic syn- 0 -

drome, it has been shown that viral-infected T cells release dNF-
and activate macrophages, resulting in massive hemophagocyto-
sis?829 These activated T cells might induce polyclonal B-cell
activation through cytokine release and thereby induce high levels
of IgG and EBV-related antibodies. On the other hand, it is uncle

gipure 3. Probability of survival by Kaplan-Meier estimates.

T T T T ML 1 T T 1 T T

0 20 40 60 80 100 120 140 160 180

Months after onset

Survival rates were

compared between patients with the T-cell type and NK-cell type of CAEBV infection.

why HMB and high IgE were observed in patients with NK-Cellrne differences between groups were analyzed using a log-rank test. (A) Al patients

type of CAEBYV infection.

We should emphasize that determining the cell type is import

(T-cell type, 16 cases; NK-cell type, 12 cases). Probability of survival at 5 years was
a(h?S + 0.15 for T-cell type and 0.88 = 0.11 for NK-cell type, respectively. (B) Patients
without transplantation (T-cell type, 13 cases; NK-cell type, 9 cases). Probability of

m_ predicting disease prognosis, b.ecause th? Surv“_/al rates WgFQval at 5 years was 0.41 = 0.18 for T-cell type and 0.83 + 0.15 for NK-cell type,
different between the 2 groups. Differences in survival rates awgpectively.
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aberrations, the chromosomal abnormalities seen in patients wikh used for diagnosing and monitoring patients with CAEBV
CAEBY infection might only reflect chromosomal fragility. How- infection. It is unclear why some patients did not have cell-free
ever, clonality of the EBV genome and chromosomal aberratioBE8V DNA. We sometimes observed that patients with negative
generally indicate clonal expansion of EBV-infected cells. Theg@asma results turned positive at a later visit. Cell-free viral DNA
results indicate that clonal expansion is a common feature wiay fluctuate from day to day. The other possibility is that
CAEBY infection, and this disease might therefore be considerd@thibitors in plasma might influence PCR reactions and cause
lymphoproliferative rather than infectiod3In fact, patients with false-negative results.
CAEBY infection frequently develop neoplasms such as malignant In conclusion, patients with CAEBV infection were divisible
lymphoma. It would therefore be better to call the cases presentatb 2 subgroups: T-cell and NK-cell CAEBYV infection. Each
here “chronic EBV—-associated lymphoproliferative disorders.” group had different clinical features and prognosis. A high titer
We analyzed patterns of EBV-related antibodies in 30 patiend$ EBV-related antibodies is not always a prerequisite for the
with CAEBYV infection and found that approximately one third ofdiagnosis of CAEBV infection. Viral load, detected by quantita-
them did not meet the previously accepted definition of CAEBYive PCR in PBMC, was useful for disease diagnosis and as an
infection® These patients had symptoms typical for CAEBVindicator of therapeutic efficacy. We propose that a viral load
infection and had extremely high EBV loads in their peripheraxceeding 18°copies{.g DNA be used as a diagnostic criterion
blood. We postulate that high titers of EBV-related antibody are nfdr CAEBV infection.
always necessary for the diagnosis of CAEBV infection. On the
other hand, all the patients had more thaid-*1€opiesfng EBV
DNA in PBMC. Furthermore, it is of note that the copy number OAcknowledgments
EBV DNAin PBMC decreased below 28copiesfug DNAin all 7
patients who underwent hematopoietic stem cell transplantatidfle thank Dr Stephen E. Straus, National Institutes of Health, for
These results indicate that viral loads greater thahtOpiesfug critical reading of the manuscript. We thank the following
DNA can be used not only as diagnostic factors for CAEB\people for contributions to the study: Mitsuaki Hosoya, Atushi
infection, but also as predictors of therapeutic efficacy. Kikuta (Fukushima Medical University), Masahiro Sako (Osaka
Previous reports show that patients with CAEBV infection ha@ity General Hospital), Tsutomu Oh-ishi (Saitama Children
cell-free EBV DNAin plasma, although the origin of the viral DNAMedical Center), Yasunobu Takeoka (Osaka City University),
is uncleai”-38 Usually, the plasma of healthy individuals does noShiro Oshima (Osaka University), Miho Maeda (Nippon Medi-
contain EBV DNA340 Therefore, the presence of EBV DNA incal School), Yutaka Nishimura (Toyohashi City Hospital),
plasma may have significance for the diagnosis of CAEBWiroko Kurozumi (Yokohama Minami Kyosai Hospital), Shini-
infection. However, it should be borne in mind that the plasma a@hi Toyabe (Niigata University), Yutaka Morita (Kariya General
patients with CAEBV infection did not always test positive forHospital), Yuichi Hasegawa (Tsukuba University), Chikako
EBV DNA. Indeed, in this study, EBV DNA was not detected inrKanazawa (Yamagata University), Hiroyuki Moriuchi (Na-
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