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Abstract
Background and objective The DNA load of EBV may play a part in CLL pathogenesis and prognosis. The objective 
of this cross-sectional study was to examine the prognostic value of EBV viral load in CLL patients in comparison with 
other common laboratory prognostic factors.

Materials and methods Whole blood and sera from forty untreated CLL patients were collected. Next, DNA was 
extracted from total white blood cells (WBC), and TaqMan real-time PCR was performed to determine the EBV-DNA 
load by amplifying a specific fragment in the BNRF1 gene. In addition, parameters such as complete blood counts 
(CBC) and lactate dehydrogenase (LDH) were determined using an automated clinical laboratory analyzer.

Results Twenty-one patients (52.5%) were positive for EBV by real-time PCR analysis (ranged 20 to 30000 copies/µL). 
The difference in LDH mean levels between EBV positive and negative patients was marginally significant (P = 0.05). 
Furthermore, platelet (PLT) count (P = 0.03) and CD5+/CD19+ count (P = 0.04), between EBV positive and negative 
subgroups, were substantially different. In addition, individuals with a severe form of illness, as defined by an increase 
in LDH, a decrease in PLT, and an 11q deletion, had considerably higher EBV-DNA copy numbers (the ranges of viral 
loads were 9966.66 ± 20033 in the severe form vs. 137.13 ± 245.41 in the mild form).

Conclusion The EBV-DNA load could be used as a prognostic factor in the initial examination of CLL patients to 
better characterize the disease outcome and prognosis.
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Introduction
Leukemia is the world’s fifth-highest, and Iran’s second-
highest mortality rate among malignant tumors [1]. In 
2018, more than 437,000 people worldwide were diag-
nosed with leukemia, with 309,000 fatalities [2]. Fur-
thermore, in 2017, there were 114,000 cases of chronic 
lymphocytic leukemia (CLL) worldwide [3].

CLL is the most prevalent type of adult leukemia, char-
acterized by clonal proliferation and an accumulation 
of abnormal mature B-cells in the blood, bone marrow, 
and secondary lymphatic organs [4, 5]. The appearance 
of monoclonal long-lived mature B-cells expressing CD5, 
CD19, and CD23 markers characterizes it [6].

CLL mostly affects the elderly, and the incidence rate 
rises rapidly beyond 50 years of age [4, 7]. Because the 
older population is continually growing, the total CLL 
incidence trend will continue to rise [4, 8]. The variable 
clinical course of CLL is one of its most notable features 
[4, 5]. As a result, rising incidence rates, a heterogeneous 
presentation of the disease, as well as side effects asso-
ciated with existing treatments and the financial burden 
of treatment expenditures on the health system of the 
country, highlight the importance of looking for accu-
rate prognostic criteria [9–11]. Prognostic factors will be 
highly valuable in CLL patients to distinguish those with 
a poor prognosis from those with a good prognosis [12, 
13]. In this regard, several CLL prognostic markers have 
been discovered over the last two decades. In addition to 
the Binet and Rai staging systems, age, gender, hemoglo-
bin level, absolute lymphocyte count, lactate dehydroge-
nase (LDH) serum level, Beta-2 microglobulin, thymidine 
kinase, Zeta-chain-associated protein kinase 70 (ZAP70), 
CD38, un-mutated immunoglobulin heavy chain variable 
region (IGHV), and specific chromosomal abnormalities 
were all used to determine the prognosis of CLL patients 
[7, 12–17].

Attempts to find the relationship between CLL and 
EBV, the first human oncovirus discovered, have acceler-
ated in recent years [18–23]. EBV is the most common 
persistent viral infection in humans, infecting over 95% 
of the world population asymptomatically throughout 
the rest of their lives [24, 25]. This form of persistence is 
due to the particular adaption of EBV to B cells, as any 
disruption in this delicate process would result in can-
cers like Burkitt’s lymphoma, Hodgkin’s and non-Hodg-
kin’s lymphoma, and lymphoproliferative disorders after 
transplantation [26–29].

In EBV-related malignancies such nasopharyngeal 
carcinoma and Hodgkin’s lymphoma, EBV viral load is 
crucial in diagnosis, prognosis, and monitoring [30–33]. 
Furthermore, new studies have highlighted the signifi-
cance of EBV-DNA load in the prognosis and outcome of 
some CLL patients [12, 18, 21, 23, 34]. The use of periph-
eral blood mononuclear cells (PBMC) rather than plasma 

or serum has been found to increase the sensitivity and 
accuracy of EBV-DNA detection. Also, EBV infection in 
a different type of white blood cell prompted us to use 
buffy coat, “a mixture of all WBC”, for EBV copy number 
measurement [20, 23].

Therefore, the aim of this study was to compare the 
value of EBV viral load in CLL patients’ WBCs for pre-
dicting prognosis in comparison to other laboratory tests 
that are commonly used prognostic markers.

Methods
Patients
Forty untreated CLL patients were recruited for this 
cross-sectional investigation, from April 2019 to May 
2020. Clinical records, cell morphological assessment, 
and immunophenotypic assays were all used to confirm 
a definitive diagnosis of CLL by expert hemato-oncolo-
gists based on National Comprehensive Cancer Network 
Guideline, Version 2.2019. Before the study, all patients 
gave their written informed consent. Shiraz University of 
Medical Sciences Ethics Committee approved the project 
(IR.SUMS.REC.1398.405).

Blood sampling
Seven milliliters of peripheral blood was collected from 
each participant and split into EDTA-treated tubes (2 
mL), as well as a tube containing a clot activator and a gel 
vacuum blood collecting tube (5 mL). An anti-coagulated 
sample was used for the CBC test. The buffy coat was also 
isolated by centrifugation at 1500 g for 15 min, aliquoted 
30 × 106 cells, and kept at − 20 °C until DNA extraction. In 
addition, the serum was extracted to evaluate the level of 
LDH.

Complete blood count assessment
CBC indexes were measured for all subjects immediately 
after sample collection using a Sysmex KX-21  N auto-
mated hematology analyzer (Sysmex Corporation, Kobe, 
Japan) to estimate hematological parameters that had 
already been accepted as prognostic factors. The device 
reports about 19 parameters, but we selected only those 
parameters that have been previously reported to be 
related to patient outcomes.

LDH measurement
All samples were analyzed twice on the Hitachi 917 auto-
mated analyzers for serum LDH levels using the Pars 
Azmoon kit (Pars Azmoon Co., Tehran, Iran) (Hitachi, 
Tokyo, Japan). In the method of this kit, lactate dehydro-
genase catalyzes the conversion of pyruvate to lactate, 
and in this process NADH is oxidized to NAD+. The rate 
of reduction of NADH cofactor is proportional to the 
activity of lactate dehydrogenase enzyme.
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DNA extraction
The nucleic acids from a fixed number of WBCs (30×106) 
were extracted using a Roche High Pure viral nucleic acid 
kit (Manheim, Germany) according to the manufacturer’s 
procedure. The NanoDropTM 2000 spectrophotometer 
was used to evaluate the concentration and purity of the 
isolated viral DNA (Thermo Scientific Inc., Waltham, 
MA, USA).

Determination of the EBV copy number by real-time PCR
To measure the EBV viral load, the TaqManreal-time 
PCR test was used with the EBV Primer DesignTM gen-
esing standard Kit (PrimerDesign TM, London, UK). 
Based on comprehensive bioinformatics analysis, the 
primers and FAM-labeled probe sequences which tar-
geted the BNRF1 gene had 100% homology with a broad 
range of clinically relevant sequences.

The final volume of each reaction was 20 µL, which 
included 10 µL of 2× one-step master mixes (Applied 
Biosystem, USA), 1 µL of EBV primer/probe mix (FAM-
labeled, BHQ quenched), 4 µL of RNase/DNase free 
water, and 5 µL of DNA template (nucleic acids extracted 
from a fixed number of WBCs from each sample). The 
cycling condition consisted of a 2-minute early denatur-
ation stage at 95 °C, followed by 35 cycles of 95 °C for 5 s 
and 60 °C for both annealing and elongation, each lasting 
20 s. The Rotor-Gene 6000 was used to do real-time PCR 
(Rotorgene-Q, Hilden, Germany). EBV-DNA copy num-
bers were calculated using the provided standard curve. 
The positive (total DNA from NC-37 cell line, with a 
certain average of EBV copy numbers) and negative con-
trols were included in each run. As the sensitivity of the 
system was 10 copies/µL, all samples with the EBV-DNA 
copy number lower than the threshold were considered 
negative (EBV (-)).

Statistical analysis
Statistical analysis was performed using SPSS 23. The 
normal distribution of continuous variables was tested 

using the Shapiro-Wilk test. The student t-test and the 
Mann-Whitney U-test were used for intergroup compar-
isons of independent variables. The association between 
EBV-DNA loads and discrete variables was analyzed 
using Chi-square or Fisher exact test. The power and 
direction of the relationships between pairs of variables 
were determined based on the values of Spearman’s coef-
ficient of rank correlation (R). P-values less than 0.05 
were considered statistically significant.

Results
Demographic and clinico-pathological characteristics of 
CLL patients
Among 40 CLL patients, 12 (30%) were female and 
28 (70%) were male. The mean age of the patients was 
62.25 ± 10.49 years old, with a range of 42 to 77 years.

CBC
The analysis of CBC indexes (Table  1) indicated that 
WBCs count ranged from 3.8 to 215.92 × 109/L (mean 
46.06 ± 49.1 × 109/L). The absolute lymphocyte count 
(ALC) of the patients ranged from 0.9 to 198.64 × 109/L 
(mean 35.62 ± 41.44 × 109/L). The platelet counts of the 
patients ranged from 44 to 327 × 109/L, with a mean value 
of 172.95 ± 65.07 × 109/L. Hemoglobin concentration of 
the patients ranged from 7.2  g/dL to 17.10  g/dL with a 
mean value of 13.72 ± 2.22 g/dL.

LDH
The LDH serum level of the patients ranged from 161 to 
599 U/L with a mean value of 317.5 ± 103.56 U/L.

CD38, FISH CLL panel and CD5+/CD19 + cells percentage
The results of CD38 expression, FISH CLL panel, and 
the percentage of malignant cells (CD5+/CD19+) were 
obtained from the patients’ medical records. CD38 
expression was determined only in 22 patients. Among 
these patients, 7 (31.82%) were positive and 15 (68.18%) 
were negative for this marker. Deletion of 11q and 17p 
was detected in 3 (7.5%) and 4 (10%) patients, respec-
tively. The percentage of CD5+/CD19+ malignant cells 
was determined in 31 patients, ranging from 30 to 96.35% 
(mean = 73.06% ±16.99).

EBV-DNA copy number in patients with CLL
The results of real-time PCR showed that 21 patients 
(52.5%) were positive for EBV DNA with a median level 
of 3294.29 ± 1951.42 copies /µL (ranged 20 to 30000 cop-
ies/µL). The EBV- positive subgroup included 7(33.3%) 
females and 14(66.7%) males and the EBV-negative sub-
group consisted of 5 (26.3%) females and 14 (73.7%) 
males, which was not significantly different (P = 0.62). 
The mean age of the EBV (+) and EBV (-) patients sub-
group was respectively 62.67 ± 10.35 (ranged 42 to 77 

Table 1 Comparison between clinical and biological variables in 
CLL EBV (+) patients, CLL EBV (-)
Clinical and biological 
variables

EBV-DNA (+) 
patients
Mean ± SD

EBV-DNA(-) 
patients
Mean ± SD

P-
val-
ue

Age 62.67 ± 2.25 61.79 ± 2.25 0.79
White blood cell count(× 
109/L)

46.21 ± 10.92 45.90 ± 11.34 0.98

Absolute lymphocyte 
count(× 109/L)

38.39 ± 10.29 32.55 ± 8.04 0.96

Hemoglobin (g/dL) 14.15 ± 1.91 13.25 ± 2.49 0.20
Platelets count(× 109/L) 150.37 ± 15.83 193.38 ± 8.04 0.03
Lactate dehydrogenasese-
rum level (U/L)

347.38 ± 25.84 284.47 ± 16.95 0.05

CD5+/CD19+ 65.17 ± 18.06 82.64 ± 9.18 0.04
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years) and 61.79 ± 10.91 (ranged 42 to 76 years) years old, 
with no significant difference (P = 0.79). In comparison of 
LDH, PLT count, malignant cells (CD5+/CD19+), dele-
tion of 11q in EBV (+) and EBV(-) subgroups, the EBV 
(+) subgroup had higher LDH mean level (P = 0.05) but 
lower PLT count (P = 0.03)(Table  1). Also, the percent-
age of malignant cells (CD5+/CD19+) was significantly 
lower in the EBV (+) subgroup (P = 0.04), which showed a 
negative correlation with EBV copy numbers (P: 0.001, R: 
0.58) (Table 2). Furthermore, the EBV (+) subgroup had a 
higher frequency of 11q deletion than EBV (-) subgroup 
insignificantly (P = 0.23) (Table 3). In addition, individuals 
with a severe form of illness, as defined by an increase in 
LDH, a decrease in PLT, and an 11q deletion, had con-
siderably higher EBV-DNA copy numbers (the ranges 
of viral loads were 9966.66 ± 20033 in the severe form 
vs.137.13 ± 245.41 in the mild form).

Discussion
Because of the rising incidence rate, the heterogenic 
character of CLL, the adverse side effects of avail-
able medicines, and the burden on the health system of 
the country, developing effective prognostic markers 
are more essential than ever [12, 13]. Identification of 
patients with a poor prognosis, as well as an early diag-
nosis at the time of treatment, could be particularly 
valuable.

Our findings revealed that 30% of CLL patients were 
females and 70% were males, which was compatible with 
the global frequency (male/female ratio ~ 2). Our par-
ticipants’ mean age was 61.45 years (range 42–77 years), 
which was lower than the 72 years reported in the litera-
ture [4].

Analysis of the National Cancer Institute Surveillance 
and Epidemiology End Results (SEER) database indicated 
that 11% of CLL patients diagnosed in 2009 were younger 
than 55 years old [35]. Studies conducted in Europe have 
also shown that between 7% and 20% of CLL patients 
are in this age range at the time of diagnosis [36]. Young 
patients diagnosed with chronic lymphocytic leukemia 
exhibit a longer survival rate compared to individuals 
aged 55 years and above [37].

Based on the current findings, 21 CLL patients 
(52.5%) tested positive for EBV. In this regard, Visco 
et al. reported that 59% of Italian CLL patients were 
EBV positive [18]. Furthermore, according to Grywal-
ska et al., 53.91% of Polish CLL patients were positive 
for EBV [23]. In a related study from Iran, it was found 
that 41.6% of CLL patients had detectable EBV-DNA in 
their PBMCs [38]. Furthermore, an investigation from 
the United States revealed that 38% of CLL patients had 
EBV-encoded small RNA1 (EBV-EBER1) by using in- situ 
hybridization [20]. The reported results may be influ-
enced by the type of selected sample (PBMCs, buffy coat, 

etc.) and the method (in-situ hybridization, real-time 
PCR, etc.) used to detect the presence of EBV.

On the other hand, Liang et al. reported that only 10% 
of Chinese CLL patients had EBV-DNA positive [34]. It 
seems that in this study the whole samples were used for 
DNA extraction. Furthermore, a study from the United 
States found that 14% of CLL patients were positive 
for EBV-encoded latent membrane protein 1 (LMP-1) 
mRNA transcript [22]. This discrepancy is most likely 
due to differences in techniques, specimen type, report-
ing unit, lack of an agreed-upon calibrator, and an EBV 
detection cut-off [18]. Furthermore, since EBV has lytic 
and latent replication cycles with distinct gene expres-
sion patterns, these controversies could be caused by dif-
fering phase and protein detection [34]. Although latent 
infection plays an important role in EBV carcinogenesis, 
various findings clarify the role of lytic infection in EBV-
associated cancers [39]. In this regard, the significance of 
lytic infection, which is associated with high viral load, 
has been reported in EBV-induced cancers [39]. Also, a 
study conducted in Uganda revealed that children who 
later developed Burkitt lymphoma (BL) exhibited ele-
vated antibody levels against EBV viral capsid antigen 
(VCA), indicating a higher level of lytic infection dur-
ing cancer development [40, 41]. Thus, different results 
reported by various studies might be related to the meth-
ods used.

Furthermore, we found that a positive EBV-DNA test 
was significantly associated with some poor prognostic 
clinical and biological biomarkers. Our findings revealed 
a marginally significant difference in the mean serum 
LDH concentration between EBV- positive and negative 

Table 2 Correlation between EBV copy numbers and prognostic 
factor
Clinical and biological variables P-value R
Age 0.64 0.07
White blood cell count(× 109/L) 0.72 0.05
Absolute lymphocyte count (× 109/L) 0.58 0.09
CD5+/CD19+ 0.001 -0.58
Hemoglobin (g/dL) 0.46 0.11

Table 3 Association between EBV load and prognostic factor
Clinical and biological 
variables

EBV-DNA (+) 
patients

EBV-DNA (-) 
patients

P-
value

Gender
Female OR Male

7 (33.3%)/14 
(66.7%)

5(26.3%)/14 (73.7%) 0.62

CD38status
Positive OR negative

3 (30.0%)/7 
(70.0%)

4(33.3%)/8(66.7%) 1.0

Platelets count
< 150 × 109/L
OR
> 150 × 109/L

14 (66.7%)/7 
(33.3%)

6 (31.6%)/13 
(68.4%)

0.02

Deletion of 11q
Positive OR Negative

3 (14.3%)/18 
(85.7%)

0 (0%)/19 (100%) 0.23
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subgroups; the EBV-positive patients had a higher LDH 
mean level. Additionally, some patients in the EBV-
positive subgroup in comparison with the EBV-nega-
tive subgroup had insignificantly abnormal serum LDH 
concentration. Grywalska et al. and Tsimberidou et al. 
reported that positive patients for EBV tended to have 
higher LDH levels [23, 42]. As elevated serum LDH level 
was consistently identified as a poor prognostic factor 
for CLL patients [43], according to our results, EBV(+) 
patients might have a poorer prognosis than EBV(-) ones. 
On the other hand, Liang et al. found no correlation 
between the LDH concentration and EBV load [34].

As to the PLT count, our results showed that EBV DNA 
load was associated with a decreased PLT count, suggest-
ing that EBV-positive individuals had thrombocytopenia 
(PLT > 150). Additionally, some patients in the EBV-posi-
tive subgroup in comparison with the EBV-negative sub-
group had a significantly abnormal PLT count. In the 
same line, Grywalska et al. reported that EBV load was 
significantly higher in patients with thrombocytopenia. 
Moreover, slight to severe platelet decrease was reported 
in EBV-associated infectious mononucleosis and chronic 
active EBV disease (CAEBV) [44, 45].

It was also observed that EBV-positive patients had a 
lower percentage of malignant B-cells (CD5+ / CD19+) 
than EBV-negative patients. The amount of EBV load in 
malignant B-cells was negatively correlated with the per-
centage of malignant B-cells. This data showed that only 
a small proportion of malignant cells had EBV-DNA, 
supporting Tsimberidou et al.’s findings [20].

Based on our finding, in comparison with the EBV (-) 
subgroup, some patients in the EBV (+) subgroup had 
insignificant 11q deletion. Furthermore, as noted in ear-
lier studies conducted by Visco et al. and Grywalska et al., 
a notable correlation was found between elevated EBV 
load (> 2000copy/L) and the existence of 11q deletion 
encompassing the ATM locus, which is considered a neg-
ative prognostic chromosomal anomaly [18, 23]. How-
ever, similar to other studies, there was no significant 
association between older age, gender, leukocytosis, and 
EBV-DNA positivity [18, 23]. In addition, in our study, 
individuals with a severe form of illness, as defined by an 
increase in LDH, a decrease in PLT, and an 11q deletion, 
had considerably higher EBV-DNA copy numbers (the 
ranges of viral loads were 9966.66 ± 20033 in the severe 
form vs.137.13 ± 245.41 in the mild form).

Although no research has considered an association 
between the WBC count and EBV load, an equal count 
of WBC for all extractions was used to normalize the 
process.

Based on our current understanding, none of the 
few studies that have examined the EBV levels in CLL 
patients has utilized the buffy coat for assessing EBV 
load. The convenience and cost-effectiveness of utilizing 

the buffy coat could increase the satisfaction of new 
prognostic markers like EBV-DNA load. The small sam-
ple size and lack of follow-up of patients due to the short 
period of the investigation could be considered as limita-
tions of the study. Also, small sample size as well as use 
of buffy coat as the sample could be the limitation of this 
study that should be overcome in future studies by work-
ing on B cells of many samples. This study has several 
limitations, including a small sample size, lake of long-
term follow-up of patients as well as lack of diversity in 
the sample population that would be overcome in future 
studies.

Conclusion
The results showed that the EBV-related CLL subtype 
was associated with unfavorable prognostic characteris-
tics, thrombocytopenia. Moreover, EBV DNA load might 
be included in the first assessment of patients to accu-
rately represent and predict their prognosis and outcome. 
More research is necessary to confirm these results.
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