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Abstract
Epstein-Barr virus (EBV) is a ubiquitous γ-herpesvirus that infects more than 90% of the

world population. The potential involvement of EBV in the clinical course of chronic lympho-

cytic leukemia (CLL) remains unexplained. The aim of this study was to determine whether

EBV-DNA load in the peripheral blood mononuclear cells (PBMCs) of CLL patients may

influence heterogeneity in the course of the disease. The study included peripheral blood

samples from 115 previously untreated patients with CLL (54 women and 61 men) and 40

healthy controls (16 women and 24 men). We analyzed the association between the EBV-

DNA load in PBMCs and the stage of the disease, adverse prognostic factors, and clinical

outcome. Detectable numbers of EBV-DNA copies in PBMCs were found in 62 out of 115

CLL patients (53.91%). The EBV-DNA copy number/μg DNA was significantly higher in

patients who required early implementation of treatment, presented with lymphocyte count

doubling time <12 months, displayed CD38-positive or ZAP-70-positive phenotype, and

with the del(11q22.3) cytogenetic abnormality. Furthermore, the EBV-DNA copy number/μg

DNA showed significant positive correlation with the concentrations of lactate dehydroge-

nase (LDH) and beta-2-microglobulin. We have shown that in CLL patients, higher EBV-

DNA copy number predicted shorter survival and shorter time to disease progression, and it

was associated with other established unfavorable prognostic factors. This suggests that

EBV may negatively affect the outcome of CLL.
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Introduction
Epstein-Barr virus (EBV), also referred to as human herpesvirus 4 (HHV-4), is the first identi-
fied human virus with documented involvement in carcinogenesis [1]. Many cells of the non-
Hodgkin lymphomas (NHL) show the presence of the monoclonal form of EBV genome (i.e.
the EBV-positive phenotype). This finding points to the origin of the malignancy from a single
infected cell and involvement of EBV in its pathogenesis [2, 3]. A number of hypotheses have
been proposed to explain the etiology of NHL in individuals from the general population with
inadequately controlled EBV infection. One postulated mechanism is the EBV-induced prolif-
eration of B lymphocytes and a resultant increase in the number of B-cells at risk of oncogenic
mutations and clonal expansion [4].

Despite its chronic character by definition, chronic lymphocytic leukemia (CLL) is charac-
terized by marked heterogeneity [5, 6]. Only 30% of patients survive up to 10–20 years after
diagnosis [7]. The remaining CLL patients develop terminal phase within 5–10 years, despite
mild onset of the disease. The individuals with the aggressive form of CLL survive no more
than 2–3 years after diagnosis [8]. The reasons for such heterogeneous natural history of the
condition remain unclear.

Potential involvement of EBV in the clinical course of CLL is still unexplained. Latent EBV
infection is controlled by a cell-mediated immune response in healthy carriers. This immune
response is impaired in CLL patients and might result in poor control of reactivation and repli-
cation of the virus. Since EBV may activate B cells, stimulate their proliferation, and inhibit
their apoptosis, we hypothesized that it could contribute to unfavorable clinical course of CLL
and may be one of the reasons for the observed disease heterogeneity.

The aim of this study was to define a role of EBV in the etiopathogenesis of CLL. The
detailed objectives included the determination of the EBV-DNA copy number in mononuclear
cells and isolated B lymphocytes from peripheral blood of CLL patients and healthy individuals
and the analysis of association between this parameter and the established prognostic factors,
stage of the disease, and its clinical manifestation.

Methods

Characteristics of CLL patients and healthy volunteers
The study included peripheral blood samples from 115 previously untreated patients with CLL
(54 women and 61 men). The control group comprised 40 healthy subjects (16 women and 24
men). Neither the CLL patients nor the controls used immunomodulating agents or hormonal
preparations, showed signs of infection within at least 3 months prior to the study, underwent
blood transfusion, or presented with autoimmune condition or allergy. Moreover, none of the
controls had a history of oncological therapy or prior treatment for tuberculosis or other
chronic conditions that could be associated with impaired cellular or humoral immunity.

The diagnosis of CLL was established on the basis of diagnostic criteria included in the
IWCLL guidelines of the American National Cancer Institute (NCI) [9, 10]. Detailed character-
istics of patients and controls are presented in Table 1 and Table 2.

This study was approved by the Ethics Committee of the Medical University of Lublin (deci-
sion no. KE-0254/227/2010). Written informed consent was obtained from all patients with
respect to the use of their blood for scientific purposes.

Examined material
Peripheral blood (20 mL) from the basilic vein of CLL patients and healthy controls was col-
lected into EDTA-treated tubes (15 mL) and into tubes containing clot activator (5 mL)
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Table 1. Characteristics of chronic lymphocytic leukemia (CLL) patients and univariable analysis for time to first treatment.

Parameter Median (range) Mean±SD Hazard ratio (95%CI) P value

Age (years) 64 (38–89) 63.27±9.73 0.99 (0.97–1.03) 0.92

Observation period (months) 33 (10.50–80) 34.05±13.39 - -

Lymphocyte doubling time (months) 8.75 (0.25–94) 14.70±17.02 0.97 (0.95–0.99) 0.012

Time from diagnosis to initiation of treatment (months) 13 (0.25–72) 17.88±15.86 - -

White blood cell count, WBC (G/L) 30.19 (9.70–128) 37.09±22.94 0.99 (0.98–1.00) 0.29

Lymphocytosis (G/L) 24.55 (6.16–124) 31.09±22.16 0.99 (0.98–1.00) 0.29

Hemoglobin (g/dL) 13 (9–16.8) 13.05±1.69 0.78 (0.65–0.94) 0.011

Platelets (G/L) 172 (57–309) 174.77±58.36 1.00 (0.99–1.00) 0.28

Lactate dehydrogenase, LDH (U/L) 298 (96–955) 306.63±133.02 1.00 (1.00–1.004) 0.018

Beta-2 microglobulin, B2M (mg/L) 2.53 (1.10–8.14) 2.83±1.24 1.40 (1.12–1.74) 0.0028

IgA (g/L) 1.21 (0.13–5.40) 1.44±1.06 0.91 (0.69–1.22) 0.54

IgG (g/L) 8.85 (3.18–19.41) 9.15±3.64 1.05 (0.96–1.15) 0.28

IgM (g/L) 0.5 (0.04–3.13) 0.66±0.52 1.37 (0.75–2.47) 0.30

EBV-DNA copies/μg DNA 18.0 (0.0–8957.7) 428.47±1180.4 1.0002 (1.00004–
1.0003)

0.013

CD19+CD25+ cells [%] * 54.75 (6.72–93.87) 54.96±20.50 1.03 (1.01–1.05) 0.0001

CD19+CD69+ cells [%] * 28.73 (0.55–78.82) 31.06±19.53 1.02 (1.00–1.04) 0.0083

CD3+CD25+ cells [%] * 18.37 (0.63–59.38) 19.89±14.39 1.019 (0.998–1.041) 0.080

CD3+CD69+ cells [%] * 3.07 (0.06–29.32) 4.64±4.70 1.07 (1.02–1.13) 0.0090

CD19+CD5+ZAP-70+ cells [%]* 14.19 (0.18–91.4) 16.30±12.80 1.012 (0.99–1.032) 0.22

CD19+CD5+CD38+ cells [%]* 9.01 (0.18–91.4) 22.95±25.85 1.02 (1.01–1.03) 0.00031

CD19+CD5+CD23+ cells [%] * 80.38 (46.05–95.88) 78.69±12.55 1.02 (1.00–1.05) 0.034

Anti-EBV EA IgA 5.20 (1.0–580.38) 30.50±86.20 1.004 (0.999–1.009) 0.15

Anti-EBV EA IgG 13.58 (1.92–381.1) 54.38±86.17 1.004 (1.00–1.007) 0.014

Anti-EBV EA IgM 3.81 (0.79–62.70) 5.96±7.9 1.001 (0.98–1.027) 0.89

Anti-EBV EBNA-1 IgA 5.43 (1.24–78.51) 8.86±10.98 1.011 (0.99–1.035) 0.33

Anti-EBV EBNA-1 IgG 65.76 (22.41–
1701.82)

146.53±253.94 1.001 (1.0003–1.002) 0.008

Anti-EBV EBNA-1 IgM 5.52 (0.89–20.72) 6.34±4.22 1.017 (0.96–1.082) 0.60

Anti-EBV VCA IgA 6.95 (1.87–50.90) 10.55±8.75 1.027 (0.99–1.061) 0.099

Anti-EBV VCA IgG 183.74 (23.80–
358.05)

180.89±91.26 1.006 (1.002–1.010) 0.0062

Parameter Number of patients Percentages (%) Hazard ratio (95%CI) P value

Rai Stage

0 48 41.74% II-IV v 0–1:0.84 (0.46–
1.53)

0.57

I 27 23.48%

II 30 26.09%

III 2 1.74%

IV 8 6.96%

Binet classification

A 48 41.74% baseline

B 57 49.57% 1.02 (0.48–2.16) 0.96

C 10 8.69% 1.24 (0.47–3.27) 0.68

Splenomegaly

Yes 35 30.43% 1.87 (1.02–3.44) 0.043

No 80 69.57% baseline

Hepatomegaly

(Continued)
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Table 1. (Continued)

Yes 19 16.52% 1.33 (0.68–2.60) 0.41

No 96 83.48% baseline

Doubling lymphocytosis in observation period

Yes 68 59.13% 2.28 (0.88–5.95) 0.09

No 47 40.87% baseline

Length of lymphocyte doubling time

shorter than 6 months 22 32.35 (19.13% among all
patients)

6–12 months 24 35.30 (20.87% among all
patients)

longer than 12 months 22 32.35 (19.13% among all
patients)

Treatment onset in observation period

Yes 45 39.13% 5.66 (0.76–42.08) 0.09

No 70 60.87% baseline

Outcome

Complete remission after treatment 10 21.28% (8.69% among all
patients)

Partial remission after treatment 5 10.64% (4.35% among all
patients)

Progressive disease 24 51.06% (20.87% among all
patients)

CLL-associated deaths 8 17.02% (6.96% among all
patients)

ZAP-70 (cut-off 20%)

Positive 41 35.65% 1.35 (0.74–2.46) 0.33

Negative 74 64.35% baseline

CD38 (cut-off 30%)

Positive 43 37.39% 2.82 (1.42–5.62) 0.0032

Negative 72 62.61% baseline

Cytogenetic abnormalities

del(13q14.3) only 13 11.30% baseline

del(17p13.1) only 6 5.22% 1.65 (0.39–6.97) 0.50

trisomy 12 only 4 3.48% 10.09 (1.60–63.79) 0.014

del(11q22.3) only 20 17.39% 1.60 (0.48–5.38) 0.44

double del: 16 13.91% 1.69 (0.47–6.02) 0.42

del(13q14.3) and trisomy 12 6 5.22%

del(13q14.3) and del(11q22.3) 5 4.35%

del(17p13.1) and del(11q22.3) 2 1.74%

del(17p13.1) and del(13q14.3) 2 1.74%

del(17p13.1), del(11q22.3) and del(13q14.3) 1 0.87%

Negative 56 48.69% 0.66 (0.22–1.98) 0.46

Thrombocytopenia (platelets < 100 G/L)

Yes 9 7.83% 1.05 (0.47–2.39) 0.90

No 106 92.17% baseline

LDH elevated above the reference ranges (81–234 U/
L)

Yes 79 68.7% 1.45 (0.64–3.26) 0.37

No 36 31.3% baseline

(Continued)
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Table 1. (Continued)

B2M elevated above the reference ranges (1.09–2.53
mg/L)

Yes 57 49.57 1.58 (0.81–3.09) 0.17

No 58 50.43 baseline

EBV

Positive 62 53.9% 7.26 (3.05–17.31) <
0.0001

Negative 53 46.1% baseline

Presence of other cancer

Yes 17 14.8% 0.84 (0.43–1.67) 0.62

No 98 85.2% baseline

Anti-EBV EA IgA

Positive 34 29.6% 1.29 (1.04–3.62) 0.036

Negative 81 70.4% baseline

Anti-EBV EA IgG

Positive 50 43.5% 1.68 (0.92–3.05) 0.091

Negative 63 56.5% baseline

Anti-EBV EA IgM

Positive 18 15.7% 1.72 (0.84–3.49) 0.14

Negative 97 84.3% baseline

Anti-EBV EBNA-1 IgA

Positive 35 30.4% 0.92 (0.52–1.65) 0.79

Negative 80 69.6% baseline

Anti-EBV EBNA-1 IgG

Positive 115 100% - -

Negative 0 0% - -

Anti-EBV EBNA-1 IgM

Positive 25 21.7% 1.70 (0.89–3.26) 0.11

Negative 90 78.3% baseline

Anti-EBV VCA IgA

Positive 21 18.3% 1.45 (0.72–2.89) 0.29

Negative 94 81.7% baseline

Anti-EBV VCA IgG

Positive 115 100% - -

Negative 0 0% - -

Hypogammaglobulinemia IgA

Yes 32 27.8% 1.81 (0.91–3.62) 0.091

No 83 72.2% baseline

Hypogammaglobulinemia IgG

Yes 41 35.7% 1.23 (0.65–2.33) 0.52

No 74 64.3% baseline

Hypogammaglobulinemia IgM

Yes 40 34.8% 1.56 (0.79–3.08) 0.20

No 75 65.2% baseline

* in the peripheral blood

doi:10.1371/journal.pone.0140178.t001
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(aspiration and vacuum systems Sarstedt, Germany). Immediately after collection, the samples
were used for immunophenotyping of lymphocytes, isolation of mononuclear cells for the
EBV-DNA copy number determination, serum collection for the determination of specific
anti-EBV antibodies concentration, and cytogenetic studies.

Isolation of mononuclear cells and serum
Peripheral blood was diluted with 0.9% buffered saline (PBS) without calcium (Ca2+) and mag-
nesium (Mg2+) (Biochrome AG, Germany) in 1: 1 ratio. The diluted material was built up with
3 mL of Gradisol L (specific gravity 1.077 g/ml; Aqua Medica, Poland), and centrifuged in a
density gradient at 700 × g for 20 min. The obtained fraction of peripheral blood mononuclear

Table 2. Characteristic of control group.

Parameter Number of controls Percentages (%)

Age (years)

Median 65.5 (range: 53–79), mean 64.50±7.15

White blood cell count (G/L)

Median 7.02 (range: 4.23–9.63), mean 7.01±1.44

Lymphocytosis (G/L)

Median 2.62 (range: 1.39–4.16), mean 2.65±0.82

Hemoglobin (g/dL)

Median 14.35 (range: 12.5–16.9), mean 14.3±1.19

Platelets (G/L)

Median 281.5 (range: 186–360), mean 274±49.49

Lactate dehydrogenase LDH (U/L)

Median 155 (range: 111–209), mean 157±27.96

Beta-2 microglobulin, B2M (mg/L)

Median 1.68 (range: 1.06–2.3), mean 1.63±0.39

IgA (g/L)

Median 2.56 (range: 0.92–3.92), mean 2.39±0.84

IgG (g/L)

Median 12.79 (range: 10.06–15.47), mean 12.71±1.4

IgM (g/L)

Median 1.61 (range: 1.17–2.19), mean 1.66±0.31

Splenomegaly

Yes 0 0%

No 40 100%

Hepatomegaly

Yes 0 0%

No 40 100%

Thrombocytopenia (platelets<100 G/L)

Yes 0 0%

No 20 100%

LDH elevated above the reference ranges (81–234 U/L)

Yes 0 0%

No 20 100%

B2M elevated above the reference ranges (1.09–2.53 mg/L)

Yes 0 0%

No 20 100%

doi:10.1371/journal.pone.0140178.t002
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cells (PBMCs) was collected with Pasteur pipettes and washed twice in PBS without Ca2+ and
Mg2+ for 5 min. Subsequently, the cells were suspended in 1 mL of PBS without Ca2+ and
Mg2+, and either counted in the Neubauer chamber or tested for viability with trypan blue solu-
tion (0.4% Trypan Blue Solution, Sigma Aldrich, Germany). Viability below 95% disqualified
the cells from further analyses.

Serum was obtained from the samples collected into the tubes containing clot activator, ali-
quoted, and stored at –80°C for enzyme-linked immunosorbent assay (ELISA) test.

Isolation of DNA and determination of the EBV copy number
DNA from 5 × 106 PBMCs was isolated manually with the QIAamp DNA Blood Mini Kit
(QIAGEN, Germany). The procedure for isolation followed the manufacturer’s protocol, with
a modified volume of DNA elution. Concentration and purity of the isolated DNA were veri-
fied with the BioSpec-nano spectrophotometer (Shimadzu, Japan). The EBV-DNA copy num-
ber in PBMCs was determined with the ISEX variant of the EBV PCR kit (GeneProof, Czech
Republic). Qualitative and quantitative diagnostics of EBV was performed using the Real Time
Polymerase Chain Reaction (RT-PCR). Specific conservative DNA sequence of a single-copy
gene for the EBV nuclear antigen 1 (EBNA-1) was amplified in the course of the PCR process.
The number of viral DNA copies/μL of the eluent was adjusted for the efficiency of the DNA
isolation process, and then it was expressed as the viral DNA copy number/μg DNA. All the
samples were examined in duplicates. A negative control, i.e. the pure buffer used for DNA elu-
tion, was amplified in every case. As the sensitivity of the system amounts to 10 copies/μL, all
the samples with the EBV-DNA copy number below this detection threshold were considered
EBV-negative [EBV(–)]. The PCR was performed with the 7300 Real Time PCR System
(Applied Biosystems). The reaction was conducted on MicroAmp1 Optical 96-Well Reaction
Plates (Life Technologies) with MicroAmp1 Optical Adhesive Film (Life Technologies).

Assessment of activated T and B cells
A standard, whole-blood assay with erythrocyte cell lysis was used for preparing the peripheral
blood specimens. The cells were phenotypically characterized by incubation (20 min in the
dark at room temperature) with a combination of relevant fluorescein isothiocyanate (FITC)-,
phycoerythrin (PE)-, and CyChrome-labelled monoclonal antibodies (MoAbs). Immunofluo-
rescence studies were performed using a combination of the following MoAbs: CD3 PE, CD19
PE, CD5 FITC/CD19 PE, CD4 PE, CD8 PE, CD8 FITC/CD4 PE, CD25 CyChrome, and CD69
CyChrome, purchased from BD Biosciences (USA). Finally, cells were washed and analyzed by
flow cytometry, performed on a BD FACSCalibur System. Five data parameters were acquired
and stored: linear forward and side scatter (FSC, SSC), log FL-1 (FITC), log FL-2 (PE), and log
FL-3 (PE-Cy5). For each analysis, 20,000 events were acquired and analyzed using CellQuest
Pro software. Isotype-matched antibodies were used to verify the staining specificity and as a
guide for setting the markers to delineate positive and negative populations. Mean fluorescence
intensity (MFI) and the percentage of cells expressing surface markers were analyzed.

Analysis of CD38 and ZAP-70 expression in CLL cells
CLL cells were stained for CD38 antigen and ZAP-70 protein expression (as described previ-
ously by Hus et al. [11]) and analyzed using flow cytometry. The cut-off point for CD38 and
ZAP-70 positivity in leukemic cells was�30% and�20%, respectively.
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I-FISH analysis
PBMCs were cultivated for 24 hours in RPMI 1640 medium without mitogen stimulation.
After hypotonic treatment and methanol—acetic acid 3: 1 fixation, cell suspensions were
dropped onto microscopic slides and used directly for I-FISH. The commercially available
Vysis probes (Abbott Molecular Europe, Wiesbaden, Germany) LSI ATM SpectrumOrange/
CEP 11 SpectrumGreen Probe, and LSI TP53 SpectrumOrange/CEP 17 SpectrumGreen Probe
were used. At least 200 nuclei were analyzed for each probe. The cut-off levels for positive val-
ues for normal controls were 2.5% (mean ± SD).

Anti-EBV immunoassay
Commercial enzyme-linked immunosorbent assay (ELISA) kits, purchased from IBL Interna-
tional (Germany) for a quantitative determination of specific anti-EBV antibodies in human
serum were used. Protocols followed were in accordance with the manufacturer’s recommen-
dations. The ELISA Reader Victor TM3 (PerkinElmer, USA) was used.

Statistical analysis
Normal distribution of continuous variables was tested using the Shapiro-Wilk test. Statistical
characteristics of the continuous variables were presented as medians, minimum and maxi-
mum values, as well as arithmetic means and their standard deviations (SD). The Student t-test
was used for independent variables, and the Mann-Whitney U-test was used for intergroup
comparisons. The power and direction of relationships between pairs of continuous variables
were determined on the basis of the values of Spearman’s coefficient of rank correlation (R).
The distributions of discrete variables in the studied groups were compared with the Pearson’s
Chi-square test or the Fisher’s exact test. The survival curves were constructed with the
Kaplan-Meier method, and the proportions of survivors within the studied groups were com-
pared with the log-rank test. Univariable and multivariable Cox proportional hazard regression
models were used to determined association between patients characteristics and time to first
treatment. For the multivariable model, stepwise variable selection was used. Significant vari-
ables (p<0.1) were tested for inclusion in the regression models, and nonsignificant variables
were removed sequentially until only those significant at p<0.05 remained.

Receiver operating characteristic (ROC) curves were generated for significant predictor var-
iables of EBV(+) CLL patients. Areas under the ROC curves (AUCs) were calculated for each
parameter and compared. All the calculations were carried out with Statistica 10 (StatSoft1,
USA) package, with the level of significance set at P< 0.05.

Results
The PBMCs of 115 CLL patients and 40 controls were tested for the presence of EBV-DNA
with an aid of real-time PCR. A total of 62 (53.91%) CLL patients presented with a large num-
ber of EBV-DNA copies (more than 10 copies/μL). The following three groups were identified
on the basis of this criterion: (a) CLL patients whose PBMCs showed the presence of the
EBV-DNA, i.e. the EBV(+) group, (b) CLL patients whose PBMCs lacked the EBV-DNA, i.e.
the EBV(–) group and (c) healthy controls.

In univariable analysis, among clinical and biochemical parameters of CLL patients both
traditional and new prognostic factors associated with shorter time to first treatment turn out
to be statistically significant (Table 1). We found that categorical variables such as the spleno-
megaly, trisomy 12, CD38, and positive anti-EBV EA IgA were associated with time to first
treatment (Table 1). Among continuous variables lower hemoglobin, higher beta-2
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microglobulin and LDH, higher CD19+CD25+ cells, CD19+CD69+ cells, CD3+CD69+ cells,
CD19+CD5+CD38+ cells and CD19+CD5+CD23+ cells had significant association with time
to treatment. Higher level of anti-EBV: EA IgG, EBNA IgG and VCA IgG were associated with
shorter time to first treatment. Interestingly, EBV(+) patients had more than 7 times shorter
time to first treatment comparing to EBV(-) patients. This phenomenon was confirmed during
multivariable analysis. The multivariable Cox analysis identified the higher beta-2-microglobu-
lin (HR = 1.43; p = 0.0033), enlarged spleen (HR = 4.70; p<0.0001), EBV presence
(HR = 23.39; p<0.0001) and lower anti-EBV EBNA-1 IgM level (HR = 0.98; p = 0.0089) as
independent predictors for shorter time to first treatment (Table 3a). Since the Cox propor-
tional hazard regression model showed highly statistically significant association of EBV(+)
with progression of illness, a ROC curve was drawn to test the variables predictive validity in
EBV(+) CLL patients (Table 3b). As the area under the curve shows (Fig 1), CD19+CD25
+ cells [%] in the peripheral blood parameter was the most sensitive and specific to determine
EBV(+) (AUC = 0.854). Fig 2 presents a Kaplan-Meier curve illustrating the time to first treat-
ment depending on the EBV-DNA copy number/μg DNA isolated from PBMCs (Fig 2a) and a
Kaplan-Meier curve illustrating the probability of lymphocyte doubling-free survival depend-
ing on the EBV-DNA copy number/μg DNA isolated from PBMCs (Fig 2b). Table 4 presents
the comparison between clinical and laboratory parameters in CLL EBV(+) patients, CLL EBV
(–) patients and the study group. Table 5 presents an assessment of anti-EBV antibody concen-
trations in relation to the presence or absence of EBV-DNA copies in PBMCs of CLL patients

Table 3. (a).Multivariable Cox Proportional Hazards Model for time to first treatment. (b). Receiver operating characteristic analysis to determine diagnostic
accuracy in differentiation of patients with EBV(+) and EBV(-).

(a)

Parameter Hazard Ratio 95% CI for hazard ratio P value

Lower Upper

Beta-2-microglobulin [mg/dL] 1.43 1.12 1.83 0.0033

Anti-EBV EBNA-1 IgM [U/mL] 0.91 0.84 0.98 0.0089

EBV positive 23.29 7.7 70.39 <0.0001

Splenomegaly positive 4.70 2.20 10.01 <0.0001

Parameter Hazard Ratio 95% CI for hazard ratio P value

Lower Upper

Beta-2-microglobulin [mg/dL] 1.45 1.15 1.82 0.0017

EBV positive 32.93 9.67 112.18 <0.0001

Splenomegaly positive 3.33 1.64 6.79 0.0009

Anti-EBV EA IgG positive 0.33 0.15 0.72 0.0055

(b)

Parameter Prognostic value Area under the ROC curve
(AUC)

95%CI

Beta-2-microglobulin (mg/dL) 2.63 0.742 0.65–0.83

Lactate dehydrogenase (U/L) 261 0.739 0.65–0.83

CD19+CD25+ cells [%] * 54.75 0.854 0.79–0.92

CD19+CD69+ cells [%] * 29.81 0.74 0.65–0.83

CD19+CD5+ZAP-70+ cells [%]* 6.31 0.726 0.63–0.82

CD19+CD5+CD38+ cells [%]* 10.74 0.838 0.76–0.91

CD19+CD5+CD23+ cells [%] * 75.59 0.707 0.61–0.80

* in the peripheral blood

doi:10.1371/journal.pone.0140178.t003
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and control group. Fig 3 presents statistically significant correlations between activated T CD3
+ and B CD19+ cells in CLL patients.

Discussion
A total of 20 CLL patients had more than 1000 EBV-DNA copies/μg of PBMC DNA; the
EBV-DNA copy number of the remaining patients ranged between 100 and 1000 (N = 22) or
between 10 and 100 (N = 20). These results are similar to the data reported by Kimura et al.

Fig 1. Comparison of the different immunological parameters found in peripheral blood for their ability to predict the presence of EBV. ROC curves
were used to compare the sensitivity and specificity of immunological parameters (e.g. CD19+CD25+) in EBV(+) and EBV(–) CLL patients. The percentage
of CD19+CD25+ cells in the peripheral blood was the most sensitive and specific parameter for determining a positive EBV reading (AUC = 0.854).

doi:10.1371/journal.pone.0140178.g001
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Fig 2. The time to first treatment and the probability of lymphocyte doubling-free survival depends on the EBV-DNA copy number in peripheral
bloodmononuclear cells (PBMCs) from chronic lymphocytic leukemia patients. (a) Kaplan-Meier curve illustrating the time to first treatment depending
on the EBV-DNA copy number/μg DNA isolated from PBMCs; (b) Kaplan-Meier curve illustrating the probability of lymphocyte doubling-free survival
depending on the EBV-DNA copy number/μg DNA isolated from PBMCs.

doi:10.1371/journal.pone.0140178.g002
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Table 4. Comparison between clinical and laboratory parameters in CLL EBV(+) patients, CLL EBV(-) patients and the control group.

Parameter Patients EBV(+) Patients EBV(-) Control group Patients EBV
(+) vs. EBV(-)

Patients EBV
(+) vs.

Control group

Patients EBV
(-) vs. Control

group

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Z/t P value Z/t P value Z/t P value

Age [years] 64.7±9.7 64.0 (39–
89)

62.8±10.1 65.0 (38–
79)

64.5±7.1 64.0 (53–
79)

0.98 0.33 0.08 0.94 0.66 0.51

Elapsed time from
CLL diagnosis to the
treatment admission
[months]

5.9±9.0 0.5 (0–
38)

9.0±17.1 0 (0–72) N/A N/A 1.86 0.062 N/A N/A N/A N/A

Observation period
[months]

33.4±11.8 32.5
(10.5–
72.0)

34.8±15.1 33.0 (14–
80)

N/A N/A 0.04 0.97 N/A N/A N/A N/A

Lymphocytosis
doubling time
[months]

6.8±6.2 6.0 (0–
28)

10.9±20.8 10 (0–
94)

N/A N/A 3.50 0.0005 N/A N/A N/A N/A

Leukocytosis [x10^3
cells/μL]

37.4±21.3 29.1
(11.2–
93.7)

36.8±25.0 30.5
(9.7–
128.0)

7.0±1.4 7.0 (4.2–
9.6)

0.64 0.52 6.69 <0.0001 6.55 <0.0001

Lymphocytosis
[x10^3 cells/μL]

31.4±20.3 24.1
(8.9–
87.5)

30.7±24.4 24.6
(6.2–
124.0)

2.7±0.9 2.6 (1.4–
5.2)

0.72 0.47 6.69 <0.0001 6.55 <0.0001

Hemoglobin [g/dL] 12.1±1.4 12.1
(9.0–
15.7)

14.2±1.3 14.2
(9.9–
16.8)

14.3±1.2 14.4
(12.5–
16.9)

8.35 <0.0001 6.41 <0.0001 0.36 0.72

Platelets [x10^3 cells/
μL]

155.8±54.6 146.0
(57.0–
295.0)

196.9±55.2 194.0
(80.0–
309.0)

279.0±57.0 281.5
(186.0–
403.0)

4.0 0.0001 8.68 <0.0001 5.61 <0.0001

Beta-2-microglobulin
[mg/L]

3.3±1.4 3.0 (1.3–
8.1)

2.3±0.8 2.3 (1.1–
5.9)

1.6±0.4 1.7 (1.1–
2.3)

4.47 <0.0001 5.74 <0.0001 4.09 <0.0001

Lactate
dehydrogenase [U/L]

354.3
±143.0

323.5
(114.0–
955.0)

250.8±94.5 229.0
(96.0–
466.0)

157.0±28.0 155.5
(111.0–
209.0)

4.41 <0.0001 6.33 <0.0001 4.33 <0.0001

CD19+CD25+ cells
[%]*

66.4±15.6 66.4
(34.1–
93.9)

41.5±17.2 44.1
(6.7–
72.3)

2.8±1.5 2.8 (0.2–
5.2)

6.52 <0.0001 6.69 <0.0001 6.55 <0.0001

MFI value of CD25 on
CD19+ cells*

82.3±48.6 73.6
(13.9–
213.9)

51.9±22.8 49.8
(12.8–
105.9)

34.3±18.0 29.8
(6.4–
70.1)

3.36 0.0008 4.42 <0.0001 2.99 0.003

CD19+CD69+ cells
[%]*

38.4±19.3 39.6
(2.7–
78.8)

22.5±16.1 20.9
(0.6–
70.1)

1.0±0.8 0.8 (0.1–
3.6)

4.45 <0.0001 6.66 <0.0001 6.38 <0.0001

MFI value of CD69 on
CD19+ cells*

87.9±42.0 77.9
(24.6–
209.9)

51.5±31.2 40.9
(21.6–
177.9)

22.8±13.1 18.6
(7.3–
59.9)

5.37 <0.0001 6.27 <0.0001 4.81 <0.0001

CD3+CD25+ cells [%]
*

23.7±15.7 21.5
(1.2–
59.4)

15.5±11.3 13.0
(0.6–
45.1)

7.8±2.7 8.0 (1.1–
11.5)

2.77 0.006 4.04 <0.0001 2.65 0.008

MFI value of CD25 on
CD3+ cells *

71.4±37.2 68.5
(19.4–
170.0)

50.6±32.6 41.2
(9.2–
129.0)

41.6±17.1 41.5
(16.7–
73.7)

3.12 0.002 3.15 0.002 0.44 0.66

CD3+CD69+ cells [%]
*

5.9±5.6 4.1 (0.1–
29.3)

3.2±2.8 2.4 (0.1–
16.0)

1.7±0.8 1.8 (0.4–
3.0)

3.20 0.001 4.29 <0.0001 1.94 0.053

(Continued)
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[12], according to whom the EBV-DNA copy number per μg DNA extracted from PBMCs of
patients with EBV-related lymphoproliferative disorders and infectious mononucleosis ranges
between 10 and 10000. In contrast, the EBV-DNA copy number in most healthy controls and
immunocompromised patients after organ transplantation did not exceed 10 copies/μg DNA.
Both Kimura et al. [12] and Stevens et al. [13] postulated that more than 100–1000 EBV-DNA
copies/μg DNA isolated from examined material are associated with clinical signs of EBV
infection, manifesting as the chronic active EBV disease (CAEBV) or post-transplant lympho-
proliferative disease. These findings and the results of our study point to a potential presence of
a CLL subtype being associated with EBV infection. Moreover, an increase in the EBV-DNA
copy number was documented in most of our patients during approximately 2-year follow-up.

We revealed the presence of EBV-DNA in PBMCs and isolated B lymphocytes in more than
a half of our CLL patients. To the best of our knowledge, no previous studies distinguished
between the CLL forms being associated with EBV infection or unrelated to this virus. The

Table 4. (Continued)

Parameter Patients EBV(+) Patients EBV(-) Control group Patients EBV
(+) vs. EBV(-)

Patients EBV
(+) vs.

Control group

Patients EBV
(-) vs. Control

group

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Z/t P value Z/t P value Z/t P value

MFI value of CD69 on
CD3+ cells*

71.1±48.0 57.5
(10.6–
192.2)

47.0±27.8 40.9
(10.2–
120.9)

41.6±28.3 29.9
(10.4–
113.9)

2.78 0.005 2.85 0.004 0.80 0.43

CD19+ZAP-70+ cells
[%] *

20.9±13.5 18.1
(0.9–
61.3)

10.9±9.5 5.9 (0.5–
33.8)

N/A N/A 4.17 <0.0001 N/A N/A N/A N/A

CD19+CD38+ cells
[%] *

35.7±26.4 33.8
(0.4–
91.4)

8.0±14.9 1.6 (0.2–
65.0)

N/A N/A 6.23 <0.0001 N/A N/A N/A N/A

CD19+CD5+CD23
+ cells [%]*

82.9±10.6 86.5
(50.7–
95.9)

73.8±13.0 74.8
(46.1–
92.4)

N/A N/A 3.82 0.0001 N/A N/A N/A N/A

CD3+ cells [%]* 10.5±7.9 8.7 (1.2–
33.4)

10.1±6.6 8.3 (1.0–
28.6)

68.2±5.0 67.8
(61.5–
78.6)

0.13 0.90 6.69 <0.0001 6.55 <0.0001

CD19+ cells [%]* 85.2±10.3 86.4
(51.5–
97.8)

85.7±8.2 86.7
(67.0–
98.3)

12.2±2.9 11.8
(7.8–
16.6)

0.20 0.84 6.69 <0.0001 6.55 <0.0001

CD5+CD19+ cells [%]
*

84.2±11.5 86.8
(54.9–
99.6)

87.0±8.7 86.5
(70.0–
99.7)

13.2±3.6 13.1
(5.7–
19.6)

0.94 0.35 6.69 <0.0001 6.55 <0.0001

Serum IgA
concentration [g/L]

1.7±1.2 1.4 (0.1–
5.4)

1.2±0.7 1.1 (0.2–
2.9)

2.4±0.8 2.6 (0.9–
3.9)

2.05 0.041 2.96 0.003 4.82 <0.0001

Serum IgG
concentration [g/L]

9.8±4.1 9.6 (3.5–
19.4)

8.3±2.8 8.3 (3.2–
14.7)

12.7±1.4 12.8
(10.1–
15.5)

1.81 0.07 3.43 0.0006 5.31 <0.0001

Serum IgM
concentration [g/L]

0.7±0.5 0.6
(0.04–
3.1)

0.6±0.5 0.5
(0.05–
2.2)

1.7±0.3 1.6 (1.2–
2.2)

1.36 0.17 5.77 <0.0001 5.81 <0.0001

MFI, Mean Fluorescent Intensity;

N/A., not applicable;

* in the peripheral blood

doi:10.1371/journal.pone.0140178.t004
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EBV-associated form of CLL seems to be characterized by more aggressive phenotype. We
showed that the EBV-DNA copy number in PBMCs of patients with hepatomegaly or throm-
bocytopenia and individuals who required earlier implementation of treatment was signifi-
cantly higher than that in the remaining individuals. A number of previous studies
documented the role of EBV in induction of thrombocytopenia. While the presence of EBV in
patients with infectious mononucleosis is usually associated with a slight decrease in platelet
count, in the case of CAEBV, it can be associated with severe thrombocytopenia, anemia (usu-
ally of autoimmune origin), and splenomegaly (resulting from lymphocyte infiltration) or even
liver failure [14, 15–16].

Moreover, we showed that the EBV-DNA copy number correlated significantly with serum
concentrations of beta-2-microglobulin and LDH. As early as 1981, Ibsen et al. [17] revealed
that the level of beta-2-microglobulin is at its highest during initial stages of infectious mono-
nucleosis, and subsequently, within 3 weeks to 3 months after recovery, it normalizes to its
baseline level. The fact that concentration of beta-2-microglobulin constitutes an established
predictive factor in CLL patients may suggest that the elevated level of this protein is associated
with EBV infection in at least some of the cases [18]. Furthermore, we revealed significant asso-
ciations between other negative prognostic factors such as high cytoplasmic expression of
ZAP-70 [19], surface expression of CD38 in leukemic cells [20], surface expression of CD23,
CD25, and CD69 [21, 22], as well as unfavorable genetic mutations [23], and EBV-DNA copy
number.

Tsimberidou et al. reported that 38% of CLL patients had evidence of EBV infection by in
situ hybridization for EBV EBER1, a small noncoding RNA species [24]. Tarrand et al. [25]
reported that LMP1 mRNA levels were higher in CLL patients than in healthy subjects (14%
vs. 1% of healthy controls), suggesting that EBV late gene expression occurs at least in a subset
of CLL cells. We demonstrate significant associations between viral load of EBV-DNA and

Table 5. Serum anti-EBV antibody concentrations (i.e. IgG, IgM, IgA) in EBV(+) CLL patients, EBV(-) CLL patients, and the control group.

Antibody serum
concentration [U/

mL]

Patients EBV(+) Patients EBV(-) Control group PatientsEBV
(+) vs. EBV(-)

Patients EBV
(+) vs.

Control group

Patients
EBV(-) vs.
Control
group

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Mean ± SD Median
(range)

Z/t P value Z/t P value Z/t P
value

Anti-EBV EA IgA 51.5±113.5 6.7 (2.4–
580.4)

5.9±5.2 4.8 (1.0–
33.3)

3.7±1.7 3.7 (1.6–
7.5)

2.91 0.004 3.83 0.0001 2.43 0.015

Anti-EBV EA IgG 87.1±105.6 38.1 (3.2–
381.1)

16.0±20.3 8.2 (1.9–
94.8)

8.5±4.5 8.2 (1.7–
15.9)

5.60 <0.0001 4.78 <0.0001 0.60 0.55

Anti-EBV EA IgM 7.4±10.2 4.1 (1.4–
62.7)

4.3±2.9 3.6 (0.8–
14.2)

3.6±2.0 3.0 (1.0–
7.3)

1.83 0.067 1.81 0.071 0.40 0.69

Anti-EBV EBNA-1
IgA

11.1±13.9 5.3 (1.2–
78.5)

6.3±4.8 5.4 (1.5–
30.4)

4.0±1.9 3.6 (1.2–
7.0)

0.34 0.73 1.55 0.12 2.20 0.028

Anti-EBV EBNA-1
IgG

219.9
±328.3

87.8
(22.5–
1701.8)

60.7±32.5 55.7
(22.4–
181.7)

63.0±26.5 55.8
(34.0–
139.8)

3.18 0.001 1.65 0.10 0.62 0.53

Anti-EBV EBNA-1
IgM

7.6±5.0 6.0 (1.8–
20.7)

4.9±2.3 4.8 (0.9–
10.8)

4.9±1.7 4.7(2.2–
7.8)

2.53 0.011 1.67 0.095 0.30 0.76

Anti-EBV VCA IgA 12.7±10.7 9.3 (1.9–
50.9)

8.1±4.8 5.8 (2.0–
19.8)

6.4±3.7 5.7 (1.4–
13.7)

1.57 0.12 2.24 0.025 1.30 0.19

Anti-EBV VCA IgG 207.0±83.7 222.8
(30.3–
352.8)

150.3±90.9 134.6
(23.8–
358.1)

148.0±71.2 139.3
(33.4–
274.9)

3.52 0.0004 2.97 0.003 0.15 0.88

doi:10.1371/journal.pone.0140178.t005

High Viral Loads of Epstein-Barr Virus DNA in Peripheral Blood

PLOS ONE | DOI:10.1371/journal.pone.0140178 October 13, 2015 14 / 17



Fig 3. Statistically significant correlations between activated CD3+ T cells and CD19+ B cells in CLL patients and EBV-DNA viral load. (a) Positive
correlation between the frequencies of CD19+CD25+ cells (%) and EBV-DNA copies/μg DNA; (b) positive correlation between the mean fluorescent intensity
(MFI) of CD25 on CD19+ cells (%) and EBV-DNA copies/μg DNA; (c) positive correlation between the frequencies of CD19+CD69+ cells (%) and EBV-DNA
copies/μg DNA; (d) positive correlation between the MFI of CD69 on CD19+ cells (%) and EBV-DNA copies/μg DNA; (f) positive correlation between the
frequencies of CD3+CD25+ cells (%) and EBV-DNA copies/μg DNA; (g) positive correlation between the MFI of CD25 on CD3+ cells (%) and EBV-DNA
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various clinical and pathologic variables among CLL patients, including associations with pro-
gression and time to treatment. These findings are in line with conclusions made by Visco et al.
[26] who postulated that EBV-DNA load at presentation is an independent predictor of overall
survival in patients with CLL.

Conclusions
In conclusion, more than a half of CLL patients presented with CLL EBV-DNA in their
PBMCs, whereas no detectable amounts of genetic material for this pathogen were found in
healthy controls. Greater EBV-DNA copy number was associated with shorter overall survival
and time to progression in CLL patients. Positive correlation between EBV-DNA copy number
and established unfavorable prognostic factors of CLL implies that increased EBV load in
peripheral blood may predict poor clinical outcomes of CLL.

Author Contributions
Conceived and designed the experiments: JR EGMP IKGMMAS AG ASG SGMZ AM PG
ES. Performed the experiments: JR EGMP IKGMMAS AG ASG SGMZ AM PG ES. Analyzed
the data: JR EGMP IKG. Contributed reagents/materials/analysis tools: JR EG MP SG. Wrote
the paper: JR EG.

References
1. Epstein MA, Barr YM, Achong BG (1964) A Second Virus-Carrying Tissue Culture Strain (Eb2) of Lym-

phoblasts from Burkitt's Lymphoma. Pathol Biol (Paris) 12: 1233–1234.

2. Hardie DR (2010) Human gamma-herpesviruses: a review of 2 divergent paths to oncogenesis. Trans-
fus Apher Sci 42: 177–183. doi: 10.1016/j.transci.2010.01.015 PMID: 20100669

3. Thorley-Lawson DA, Hawkins JB, Tracy SI, Shapiro M (2013) The pathogenesis of Epstein-Barr virus
persistent infection. Curr Opin Virol 3: 227–232. doi: 10.1016/j.coviro.2013.04.005 PMID: 23683686

4. Morales O, Mrizak D, François V, Mustapha R, Miroux C, Depil S, et al. (2014) Epstein-Barr virus infec-
tion induces an increase of T regulatory type 1 cells in Hodgkin lymphoma patients. Br J Haematol 166:
875–890. doi: 10.1111/bjh.12980 PMID: 25041527

5. Chadeau-HyamM, Vermeulen RC, Hebels DG, Castagné R, Campanella G, Portengen L, et al. (2014)
Prediagnostic transcriptomic markers of Chronic lymphocytic leukemia reveal perturbations 10 years
before diagnosis. Ann Oncol 25: 1065–1072. doi: 10.1093/annonc/mdu056 PMID: 24558024

6. KernW, Bacher U, Schnittger S, Dicker F, Alpermann T, Haferlach T, et al. (2014) Flow cytometric iden-
tification of 76 patients with biclonal disease among 5523 patients with chronic lymphocytic leukaemia
(B-CLL) and its genetic characterization. Br J Haematol 164: 565–569. doi: 10.1111/bjh.12652 PMID:
24236747

7. Herth I, Dietrich S, Benner A, Hegenbart U, Rieger M, Stadtherr P, et al. (2014) The impact of allogeneic
stem cell transplantation on the natural course of poor-risk chronic lymphocytic leukemia as defined by
the EBMT consensus criteria: a retrospective donor versus no donor comparison. Ann Oncol 25: 200–
206. doi: 10.1093/annonc/mdt511 PMID: 24356631

8. Nakhla PS, Butera JN, Treaba DO, Castillo JJ, Quesenberry PJ (2013) Spontaneous regression of
chronic lymphocytic leukemia to a monoclonal B-lymphocytosis or to a normal phenotype. Leuk Lym-
phoma 54: 1647–1651. doi: 10.3109/10428194.2012.753449 PMID: 23185961

9. Hallek M (2013) Chronic lymphocytic leukemia: 2013 update on diagnosis, risk stratification and treat-
ment. Am J Hematol 88: 803–816. doi: 10.1002/ajh.23491 PMID: 23720127

10. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G, Döhner H, et al. (2008) Guidelines
for the diagnosis and treatment of chronic lymphocytic leukemia: a report from the International Work-
shop on Chronic Lymphocytic Leukemia updating the National Cancer Institute-Working Group 1996
guidelines. Blood 111: 5446–5456. doi: 10.1182/blood-2007-06-093906 PMID: 18216293

copies/μg DNA; (h) positive correlation between the frequencies of CD3+CD69+ cells (%) and EBV-DNA copies/μg DNA; (i) positive correlation between the
MFI of CD69 on CD3+ cells (%) and EBV-DNA copies/μg DNA.

doi:10.1371/journal.pone.0140178.g003

High Viral Loads of Epstein-Barr Virus DNA in Peripheral Blood

PLOS ONE | DOI:10.1371/journal.pone.0140178 October 13, 2015 16 / 17

http://dx.doi.org/10.1016/j.transci.2010.01.015
http://www.ncbi.nlm.nih.gov/pubmed/20100669
http://dx.doi.org/10.1016/j.coviro.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23683686
http://dx.doi.org/10.1111/bjh.12980
http://www.ncbi.nlm.nih.gov/pubmed/25041527
http://dx.doi.org/10.1093/annonc/mdu056
http://www.ncbi.nlm.nih.gov/pubmed/24558024
http://dx.doi.org/10.1111/bjh.12652
http://www.ncbi.nlm.nih.gov/pubmed/24236747
http://dx.doi.org/10.1093/annonc/mdt511
http://www.ncbi.nlm.nih.gov/pubmed/24356631
http://dx.doi.org/10.3109/10428194.2012.753449
http://www.ncbi.nlm.nih.gov/pubmed/23185961
http://dx.doi.org/10.1002/ajh.23491
http://www.ncbi.nlm.nih.gov/pubmed/23720127
http://dx.doi.org/10.1182/blood-2007-06-093906
http://www.ncbi.nlm.nih.gov/pubmed/18216293


11. Hus I, Podhorecka M, Bojarska-Junak A, Roliński J, Schmitt M, Sieklucka M, et al. (2006) The clinical
significance of ZAP-70 and CD38 expression in B-cell chronic lymphocytic leukaemia. Ann Oncol 17:
683–690. PMID: 16524977

12. Kimura H, Morita M, Yabuta Y, Kuzushima K, Kato K, Kojima S, et al. (1999) Quantitative analysis of
Epstein-Barr virus load by using a real-time PCR assay. J Clin Microbiol 37: 132–136. PMID: 9854077

13. Stevens SJ, Verkuijlen SA, Brule AJ, Middeldorp JM (2002) Comparison of quantitative competitive
PCR with LightCycler-based PCR for measuring Epstein-Barr virus DNA load in clinical specimens. J
Clin Microbiol 40: 3986–3992. PMID: 12409363

14. Cohen JI, Jaffe ES, Dale JK, Pittaluga S, Heslop HE, Rooney CM, et al. (2011) Characterization and
treatment of chronic active Epstein-Barr virus disease: a 28-year experience in the United States.
Blood 117: 5835–5849. doi: 10.1182/blood-2010-11-316745 PMID: 21454450

15. Kossiva L, Kyriakou D, Mitsioni A, Garoufi A (2013) Acute renal failure in a child with thrombocytopenic
purpura caused by acute Epstein-Barr virus infection after treatment with anti-D immunoglobulin.
Pediatr Emerg Care 29: 748–750. PMID: 23736070

16. Lu G, Xie ZD, Zhao SY, Ye LJ, Wu RH, Liu CY, et al. (2009) Clinical analysis and follow-up study of
chronic active Epstein-Barr virus infection in 53 pediatric cases. Chin Med J (Engl) 122: 262–266.

17. Ibsen KK, Krabbe S, Hesse J (1981) Beta 2-microglobulin serum levels in infectious mononucleosis in
childhood. Acta Pathol Microbiol Scand C 89: 205–208. PMID: 6171995

18. Berrebi A, Bassous L, Haran M, Shtalrid M, Shvidel L (2010) The significance of elevated beta 2-micro-
globulin (b2-m) in chronic lymphocytic leukemia (CLL): evidence of in vitro secretion following activation
of CLL cells. Leuk Res 34: e248–249. doi: 10.1016/j.leukres.2010.03.027 PMID: 20392494

19. Durig J, Nuckel H, Cremer M, Fuhrer A, Halfmeyer K, Fandrey J, et al. (2003) ZAP-70 expression is a
prognostic factor in chronic lymphocytic leukemia. Leukemia 17: 2426–2434. PMID: 14523469

20. Parikh SA, Rabe KG, Call TG, Zent CS, Habermann TM, DingW, et al. (2013) Diffuse large B-cell lym-
phoma (Richter syndrome) in patients with chronic lymphocytic leukaemia (CLL): a cohort study of
newly diagnosed patients. Br J Haematol 162: 774–782. doi: 10.1111/bjh.12458 PMID: 23841899

21. Huang PY, Best OG, Almazi JG, Belov L, Davis ZA, Majid A, et al. (2014) Cell surface phenotype pro-
files distinguish stable and progressive chronic lymphocytic leukemia. Leuk Lymphoma 55: 2085–
2092. doi: 10.3109/10428194.2013.867486 PMID: 24289109

22. Meuleman N, Stamatopoulos B, Dejeneffe M, El Housni H, Lagneaux L, Bron D (2008) Doubling time of
soluble CD23: a powerful prognostic factor for newly diagnosed and untreated stage A chronic lympho-
cytic leukemia patients. Leukemia 22: 1882–1890. doi: 10.1038/leu.2008.190 PMID: 18633433

23. Mian M, Rinaldi A, Mensah AA, Rossi D, Ladetto M, Forconi F, et al. (2013) Large genomic aberrations
detected by SNP array are independent prognosticators of a shorter time to first treatment in chronic
lymphocytic leukemia patients with normal FISH. Ann Oncol 24: 1378–1384. doi: 10.1093/annonc/
mds646 PMID: 23372049

24. Tsimberidou AM, Keating MJ, Bueso-Ramos CE, Kurzrock R (2006) Epstein-Barr virus in patients with
chronic lymphocytic leukemia: a pilot study. Leuk Lymphoma 47: 827–836. PMID: 16753866

25. Tarrand JJ, Keating MJ, Tsimberidou AM, O'Brien S, LaSala RP, Han XY, et al. (2010) Epstein-Barr
virus latent membrane protein 1 mRNA is expressed in a significant proportion of patients with chronic
lymphocytic leukemia. Cancer 116: 880–887. doi: 10.1002/cncr.24839 PMID: 20052729

26. Visco C, Falisi E, Young KH, Pascarella M, Perbellini O, Carli G, et al. (2015) Epstein-Barr virus DNA
load in chronic lymphocytic leukemia is an independent predictor of clinical course and survival. Onco-
target [Epub ahead of print].

High Viral Loads of Epstein-Barr Virus DNA in Peripheral Blood

PLOS ONE | DOI:10.1371/journal.pone.0140178 October 13, 2015 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/16524977
http://www.ncbi.nlm.nih.gov/pubmed/9854077
http://www.ncbi.nlm.nih.gov/pubmed/12409363
http://dx.doi.org/10.1182/blood-2010-11-316745
http://www.ncbi.nlm.nih.gov/pubmed/21454450
http://www.ncbi.nlm.nih.gov/pubmed/23736070
http://www.ncbi.nlm.nih.gov/pubmed/6171995
http://dx.doi.org/10.1016/j.leukres.2010.03.027
http://www.ncbi.nlm.nih.gov/pubmed/20392494
http://www.ncbi.nlm.nih.gov/pubmed/14523469
http://dx.doi.org/10.1111/bjh.12458
http://www.ncbi.nlm.nih.gov/pubmed/23841899
http://dx.doi.org/10.3109/10428194.2013.867486
http://www.ncbi.nlm.nih.gov/pubmed/24289109
http://dx.doi.org/10.1038/leu.2008.190
http://www.ncbi.nlm.nih.gov/pubmed/18633433
http://dx.doi.org/10.1093/annonc/mds646
http://dx.doi.org/10.1093/annonc/mds646
http://www.ncbi.nlm.nih.gov/pubmed/23372049
http://www.ncbi.nlm.nih.gov/pubmed/16753866
http://dx.doi.org/10.1002/cncr.24839
http://www.ncbi.nlm.nih.gov/pubmed/20052729

