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Abstract

Objective This study aimed to investigate the prevalence of Epstein-Barr virus (EBV) infection in
patients with and without cancer.

Methods A total of 26,648 participants who underwent whole-blood EBV DNA (WBEBV) assays
between January 1, 2020, and August 31, 2023, were included. The chi-square test was used for
categorical data analysis, and R software was used to analyze the differences in EBV DNA load levels and
the diagnostic capabilities of WBEBV.

Results Positive rates were 10.2% and 25.4% for healthy controls (HC) and patients, respectively. The
positivity rate for EBV-associated neoplasms (EN) was the highest at 7.53%, followed by leukemia (Le) at
5.49%. The subgroup analysis showed that the positivity rate for abnormal proliferation or hyperplasia
(APH) was 31.9%, followed by 30.5% for Le. The WBEBV of patients with transplants (TP), especially
living-related transplants (LT), was the highest among all subgroups. WBEBV at diagnosis was used to
differentiate between infectious mononucleosis (IM) and chronic active Epstein-Barr virus (CAEBV), with
a sensitivity of 67.4% (95% confidence interval [Cl]: 57.6-75.8) and specificity of 72% (95% ClI:
63.3-79.3). We conclude that the prevalence of EBV infection is low in the healthy population in this
region and that a high EBV load at baseline is more common in LT, IM, and Lymphocyte Leukemia (LL).

Conclusion This study used a large-sample survey to characterize the prevalence of whole-blood EBV
levels in various diseases, including the stages and subtypes. The EBV detection rate was higher in
patients with malignant disease than in those with benign disease. Our study provides clinicians with
baseline information regarding EBV-associated diseases.
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INTRODUCTION Gammaherpesvirinae subfamily[”. Epstein-Barr virus
(EBV) infection in infancy is typically asymptomatic;
pstein-Barr virus (EBV), also known as however, infection during or after adolescence can
E human herpes virus type 4 (HHV-4), trigger infectious mononucleosis (IM). Most patients
belongs to the Herpesviridae and remain asymptomatic for the remainder of their lives
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because EBV can cause latent infections and evade
host immunitym. However, EBV can cause low
frequencies of several types of cancers, including
gastric carcinoma (GC), nasopharyngeal carcinoma
(NPC), natural killer (NK)/T-cell lymphoma (NKTCL),
Hodgkin lymphoma (HL), and Burkitt lymphoma
(BL)".

The detection of EBV DNA can serve as an early
diagnostic tool for EBV-associated cancers'.
Moreover, the detection of EBV DNA can be helpful
in the diagnosis of recurrent or metastatic NPC
with good sensitivity and specificityls]. EBV has
been observed in a significantly high proportion of
patients with BL (> 50%). This study recommends
EBV testing as an alternative for the prediction and
assessment of the clinical status of BL'®. The
development of an EBV vaccine has the potential to
prevent a significant number of EBV-related
cancers, thereby reducing the overall cancer
burden”.

In addition to well-documented EBV-related
tumors, other EBV-related diseases such as
multiple sclerosis (MS)®, juvenile dermatomyositis
(JDM)[QI, and autoimmune diseases™ have been
extensively studied. However, clinical studies on
EBV have been hampered by the low incidence of
associated disorders, regional variations, and low
numbers of EBV-positive cells in healthy
individuals. In addition, the effect of EBV DNA
preprocessing on various diseases has not yet been
explored. Studies have shown that coinfection with
other viruses can result in elevated EBV titers in
the peripheral blood, which can lead to rapid
deterioration of health and eventual death™.
Therefore, large-scale studies are required to
investigate the prevalence and clinical impact of
EBV infection in various patient populations across
different age groups. This finding is of significance
for patients with newly reported illnesses that may
be associated with EBV infection and co-infection
with other infectious agents.

This retrospective study aimed to investigate the
epidemiological characteristics of whole-blood EBV
DNA (WBEBV) in a diverse population of individuals
with different ages and health statuses. This study
used a large sample size and covered a wide range of
diseases, thereby providing clinicians with valuable
baseline information. In addition, this study
examined variants of WBEBV in patients with
different disease subtypes and at various stages of
the disease with the goal of establishing associations
between WBEBV and these diseases in different
patient groups.

METHODS

Patients and Samples

The study analyzed data on patients admitted to
the First Affiliated Hospital of Zhejiang University
College of Medicine between January 1, 2020, and
August 31, 2023. Outpatients and inpatients who
underwent whole-blood EBV nucleic acid assays
were included. Specimens were collected at the time
of the first visit or weekly from transplant patients,
where the highest detected WBEBV load over a 2-
month period was selected. We retrospectively
collected demographic and diagnostic information
and analyzed the epidemiological characteristics of
patients of various ages and with different diseases.

Ethics Statement

This study adhered to the ethical guidelines of
the Declaration of Helsinki and was approved by the
Ethics Committee of the First Affiliated Hospital of
the College of Medicine, Zhejiang University.
Because of the retrospective nature of the data, the
Ethics Committee waived the requirement for
informed consent.

Laboratory Testing

Viral DNA was extracted from
ethylenediaminetetraacetic acid (EDTA) whole blood
and quantified using quantitative real-time
polymerase chain reaction (PCR). The results were
reported as copies/mL. Viral DNA was extracted
from EDTA whole blood and quantified using
quantitative real-time polymerase chain reaction
(PCR). The results were reported as copies/mL. PCR
was performed using a LightCycler 480Il instrument
(Roche, Basel, Switzerland). WBEBV negativity was
determined based on the Ct value of the negative
control. WBEBV positivity was defined as a Ct value
of < 35, indicating a WBEBV copy number of > 500
copies/mL. PCR amplification was performed using
the following program: 37 °C for 2 min, 94 °C for
2 min, and 40 cycles of 94 °C for 15 s and 55 °C for
60 s. Fluorescence signals were collected at 55 °C for
45s.

Definitions

In this study, we investigated abnormal
proliferation or hyperplasia (APH), including IM and
lymph node hyperplasia (LNH). The diagnosis of LNH
requires multiple clinical specialists to perform
hematology, histopathology, and other clinical tests
to exclude damage to other organs or neoplasms.
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We also studied EBV-associated neoplasms (EN),
which include nasopharyngeal carcinoma (NPC),
lymphoma (Ly), and gastric cancer (GC). Leukemia
(Le), including monocyte leukemia (Mol),
granulocyte leukemia (GL), lymphocyte leukemia
(LL), and myelocytic Leukemia (MyL), is another
research focus. Neoplasms (other) (Ne) include
multiple myeloma (MM), myelodysplastic syndrome
(MDS), liver cancer (LC), and colorectal cancer (CC).
Transplant (TP) include liver transplants (LT), kidney
transplants (KT), stem cell transplants (ST), and other
transplants. Additionally, we categorized the cases
into two groups: malignant (EN, Le, Ne, and TP
associated with malignancy) and benign (healthy
controls (HC), APH, and systemic lupus
erythematosus (SLE), and other TP). A high WBEBV
level was defined as a WBEBV load above the
median EN level (2,151 copies/mL). Coinfection was
defined as the presence of one of the following
pathogens in addition to EBV: hepatitis B/C Virus
(HBV/HCV), human immunodeficiency virus (HIV), or
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).

Statistical Analysis

The chi-square test was used to compare
categorical data, and continuous variables were
summarized using the median and interquartile
range (IQR) owing to their non-parametric
distribution. To assess the variations in EBV-DNA
load levels, we used the “ggpubr” package in R
software. In addition, we log-transformed EBV DNA
copy numbers for analysis. The chi-square test was
performed using SPSS (version 23.0; IBM Corp,
Chicago, IL, USA). Receiver operating characteristic
(ROC) curves were constructed to evaluate the
diagnostic ability of WBEBV in distinguishing EBV-
associated diseases from healthy populations. The
area under the curve (AUC) was calculated for each
ROC curve. Sankey plots were generated using the R
“ggalluvial” package to visually represent the
relationships among diseases, EBV levels, and
disease types in all groups.

RESULTS

Patient Characteristics

This study included 26,648 participants, including
1,388 patients diagnosed with chronic active
Epstein-Barr virus (CAEBV) and 1,159 healthy
individuals who underwent WBEBV DNA assays. The
overall positivity rate for EBV DNA in whole blood

was 24.68% (6,235/25,260), with a positivity rate of
25.38% (6,117/24,101) in patients with suspected
EBV-associated diseases and 10.18% (118/1,159) in
the healthy group. The median age of all participants
was 51 years (IQR, 34-63 years), and the male-to-
female ratio was 5:4.

The WBEBV Detection Rate and Diagnostic Ability
among Patients

Based on the data listed in Table 1, the male EN
group had the highest positive rate (4.75%), and
there was a significant difference in positive rates
between males and females (P = 0.0005). In contrast,
the female HC group showed the lowest positivity
rate (0.15%). In addition, significant differences in
the positivity rates of WBEBV were observed
between male and female patients diagnosed with
APH (P = 0.0105), Le (P = 0.0397), and Ne (P =
0.0017) (Table 1).

The performance of WBEBV at diagnosis was
evaluated in the different groups of the study
population (Table 2). The IM group exhibited a
relatively high sensitivity of 67.4% (95% ClI:
57.6%—75.8%) and a specificity of 72.0% (95% CI:
63.3%—-79.3%), with an AUC of 73.2% (95% CI
66.3%—80.1%) (P < 0.0001) (Table 2). Moreover, the
sensitivities and specificities of LNH, LL, and Ly
were > 60%, and their AUCs ranged 62.5%—71.0% (all
P < 0.005) (Table 2).

The Quantitative Detection of WBEBV among
Different Age and Sex Groups

Figure 1A shows the median WBEBV levels for
each age group: 10,410, 3,870, 1,890, 1,810, and
2,450 copies/mL. Notably, patients aged 0-3 years
had the highest WBEBV levels (P < 0.001). Significant
differences in WBEBV levels were observed across
age groups, except for the 4-18 vs. > 75 and 19-45
vs. > 75 years groups. In contrast, Figure 1B shows
no significant differences in WBEBV levels between
males and females among all patients (Figure 1B).

Differences in WBEBV Levels among Various
Diseases

We initially divided all patients into six groups
based on their clinical diagnosis, and then compared
their WBEBV levels pairwise. Figure 2A shows that
the TP group had the highest median WBEBV level at
2,711 copies/mL, which was significantly higher than
that of all the other groups, followed by the APH
group at 2,561 copies/mL. The HC group had the
lowest WBEBV level, with a median of 1,211
copies/mL (Figure 2A). Compared with the EN group,
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there were statistically significant differences in the
positive WBEBV detection rates, except for Le.
Statistically significant differences in the WBEBV
levels were observed among the different groups,
except for the APH vs. TP, EN vs. Le, HC vs. Ne, and
Ne vs. SLE comparisons (Figure 2B). To further

analyze the data, we subdivided the six groups and
ranked them based on their WBEBV levels. Figure 2C
shows that the LT group had the highest median
WBEBV level at 8,071 copies/mL, which was
significantly higher than that in all other groups,
followed by the IM group at 4,411 copies/mL.

Table 1. Distribution of whole-blood EBV-DNA load detection results for different genders (n = 25,260)

, EBV-DNA EBV-DNA o . #
P value
Diseases Gender Age (IQR) detectable (1) undetectable (n) n Positive rate (%) valu

Abnormal Male 255 474 729 1.01

Proliferation or 43 (24, 60) 0.0105
Hyperplasia Female 184 464 648 0.73
L i Male 1,200 3,720 4,920 4.75

EBV-associated 41 (55, 65) 0.0005
Neoplasm Female 701 2,624 3,325 2.78
Male 79 615 694 0.31

Healthy Control 25 (30, 41) 0.1201
Female 39 426 465 0.15
Male 779 1,669 2,448 3.08

Leukaemia 48 (33, 59) 0.0397
Female 607 1,489 2,096 2.40
Male 893 2,948 3,841 3.54

Neoplasm (other) 49 (58, 67) 0.0017
Female 454 1,840 2,294 1.80
i Male 56 102 158 0.22

Systemic Lupus 32 (51, 61) 0.0927
Erythematosus Female 147 377 524 0.58
Male 427 1,239 1,666 1.69

Transplant 16 (37, 51) 0.0770
Female 414 1,038 1,452 1.64

Note. Data were presented as No., %, or median and inter-quartile range (IQR); *Comparison of the rates
of detectable EBV-DNA in the whole-blood between males and females. EBV, Epstein-Barr virus.

Table 2. Diagnostic performance of the whole-blood EBV-DNA levels at diagnosis to distinguish CAEBV from

other EBV-infections

e topeo) it gt e wcema e
cc 3.362 2300.91 41.4(36.2-46.9)  73(63.38-79.38)  56.5 (50.5-62.5) 0.0367
MDS 3.450 2820.98 42.14 (37-47.5) 77.1(68.8-83.8)  60.4 (54.6-66.2) 0.0007
M 3.363 2305.69 67.4 (57.6-75.8) 72 (63.3-79.3) 73.2 (66.3-80.1) <0.0001
NPC 3.358 2280.87 48.8 (42.5-55) 72 (63.3-79.3) 61.6 (55.5-67.7) 0.0004
SLE 3.013 1030.86 714 (64.9-77.2)  44.9(36.2-53.9) 57.5 (50.9-64) 0.026
LNH 3.447 2800.92 63.4(57.5-68.9)  60.3 (48.4-71.1)  63.8 (56.8-70.8) 0.0004
LL 3.451 2825.53 64.9 (59.3-70.1)  60.3(48.4-71.1)  62.5 (55.1-69.8) 0.0014
Ly 3.445 2786.12 62 (59-64.9) 60.3 (48.4-71.1)  62.1(55.8-68.5) 0.0008
MyL 3.446 2791.26 59 (54.1-63.8) 60.3 (48.4-71.1)  59.3 (52.2-66.5) 0.0138

Note. Data were presented as No., or median (interquartile range). AUC, area under the curve; CAEBV:
Chronic active Epstein-Barr virus; CC: colorectal cancer; LNH: lymph-node hyperplasia; LL: lymphocyte
leukaemia; Ly: lymphoma; MDS: myelodysplastic syndrome; IM: infectious mononucleosis; MyL: myelocytic
leukemia; NPC: nasopharyngeal carcinoma; SLE: systemic lupus erythematosus. *Diseases with P value < 0.05

were listed.
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EBV Detection Rates in Corresponding Diseases and
DNA Levels Associated with Diseases Types

EBV-positive results were common in acute Le
(19.60%) and Ly (22.12%), with positivity rates of
4.84% and 5.46%, respectively (Figures 3A and B).
The positivity rates for malignant and benign
diseases were 18.35% and 6.34%, respectively
(Figure 3C). Patients with higher levels of WBEBYV,
specifically those with levels above the median of
2,151 copies/mL, were classified as high. Sankey plot
analyses revealed that patients with IM, LL, LNH, or
LT were more likely to have elevated WBEBYV levels.
In addition, there may be an underlying association
between benign diseases and low EBV levels
(Figure 3D).

Figure 4 shows the variability in WBEBV levels
across the subgroups of these diseases. Specifically,
the median WBEBV levels were higher in the IM
group than in the LNH group (P = 0.02). The WBEBV
levels in the LT group were the highest among all TP
disease groups (P < 0.0001). Additionally, we
observed that patients co-infected with HIV had a
higher median EBV DNA level compared to those co-
infected with other viruses (HBV, HCV, or SARS-CoV-
2) (P =0.003) (Figure 4C).

Significant differences were observed in DNA
levels between acute and chronic Le (P = 0.04)
(Figure 4D). Among all Le subtypes, LL showed higher
WBEBV levels than Mol (P = 0.0069) (Figure 4E).
Statistically significant differences were observed
between EN and Ne groups (Figures 4F and G).
WBEBV levels were higher in NK/T-cell lymphoma
(NK/T) than in Hodgkin lymphoma (HL) (P = 0.0049)
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and diffuse large B-cell lymphoma (DLBCL) (P <
0.0001) (Figure 4H). However, no statistically
significant difference in WBEBV levels was observed
between the malignant and benign cases (Figure 4l).

DISCUSSION

This was a large-sample study of the prevalence
of EBV in the Zhejiang region, China, which included
1,159 healthy individuals and showed that 10.18% of
the healthy individuals tested positive for EBV in
whole blood. The prevalence of EBV in whole blood
from these participants was consistent with the
9.09% prevalence reported in peripheral blood
mononuclear cells"?. These results are much lower
than the 31.0% reported by Yan et al. for
lymphocytes from healthy donors"™?. To the best of
our knowledge, this was still lower than the result of
16.7% in the same area 15 years ago“‘”. Notably, our
sample size was the largest and, thus, the most
convincing of all the aforementioned reports;
therefore, we believe that the prevalence of EBV in
this region is low among healthy individuals.
Moreover, the overall EBV detection rate was 25.4%
in individuals with EBV-related diseases, surpassing
the 17.7% detection rate reported in a previous
study that wused clinical specimens[lsl. When
examining specific diseases such as lymphoma, our
detection rate was 24.1% (1,379/5,727), which was
lower than that reported in other studies™. This
may be attributed to the sample size, with 5,727
patients with lymphoma included in our study,
whereas only 454 cases were included in the cited
literature. Thus, our results are well supported.

vs)

0.84

Log10 DNA (copies/mL)

Female Male
Sex

Figure 1. Quantitative detection of whole-blood EBV-DNA levels in different age and sex groups. (A) The
box plot comparing the whole-blood EBV-DNA levels of patients in different age groups; (B) The box plot
comparing the levels in the male and female groups. EBV, Epstein-Barr virus.
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Other reasons lie in the age distribution of the
patients with lymphoma included in our study, which
was an average of 57 years (ranging 47-67 years).
The results indicated that EBV levels were lower in
patients aged 19-75 years. Therefore, the
abovementioned causes lead to differences in the
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detection of EBV in the whole blood of patients with
the same type of lymphoma.

CAEBV infection, formerly known as chronic
active Epstein-Barr virus infection, is characterized
by systemic inflammation and the clonal
proliferation of EBV-infected T and NK cells"”.
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Figure 2. Differences in whole-blood EBV-DNA levels across diseases. (A) The sort box plot showing the
whole-blood EBV-DNA levels for the six disease groups and the HC group, ranked from highest to lowest.
(B) The boxplots illustrating the whole-blood EBV-DNA across different diseases. (C) The sort box plot
presents the whole-blood EBV-DNA levels of subgroups within the six diseases mentioned above. The
Healthy Control (HC) group serves as the control group. The abbreviations used are as follows: APH:
abnormal proliferation or hyperplasia; EN: EBV-associated neoplasm; Le: leukaemia; Ne: neoplasm
(other); SLE: systemic lupus erythematosus; TP: transplant; IM: infectious mononucleosis; LNH: lymph-
node hyperplasia; NPC: nasopharyngeal carcinoma; Ly: lymphoma; GC: gastric cancer; MolL: monocyte
leukaemia; GL: granulocyte leukaemia; LL: lymphocyte leukaemia; MyL: myelocytic leukemia; MM:
multiple myeloma; LC: liver cancer; CC: colorectal cancer; MDS: myelodysplastic syndrome; SEL: systemic
lupus erythematosus; LT: liver transplantation; KT: kidney transplantation; ST: stem-cell transplantation.
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However, it remains unclear how the threshold EBV
load in whole blood can be used to detect CAEBV™.
A recent study conducted in Japan reported that
EBV-DNA load > 10,000 IU/mL in whole blood was

Group DNA level Type

Figure 3. Sankey plot illustrating the
relationship between whole-blood EBV-DNA
levels and different disease types. The term
“EBV-DNA high” refers to whole blood EBV-
DNA levels that are above the median of EBV-
associated neoplasms, specifically 2,151
copies/mL. The category “EBV-associated
neoplasm (EN)” encompasses nasopharyngeal
carcinoma (NPC), lymphoma (Ly), and gastric
cancer (GC). Other abbreviations used in the
figure include APH (abnormal proliferation or
hyperplasia), Le (leukaemia), Ne (neoplasm
other than EN), SLE (systemic lupus
erythematosus), TP (transplant), IM (infectious
mononucleosis), LNH (lymph-node
hyperplasia), MoL (monocyte leukaemia), GL
(granulocyte leukaemia), LL (lymphocyte
leukaemia), MyL (myelocytic leukemia), MM
(multiple myeloma), LC (liver cancer), CC
(colorectal cancer), MDS (myelodysplastic
syndrome), SEL (systemic lupus
erythematosus), LT (liver transplantation), KT
(kidney transplantation), and ST (stem-cell
transplantation). The category “malignant”
includes EN, Le, Ne, and TP associated with
malignancy, while “benign” includes healthy
control (HC), APH, and SLE, as well as other TP.

proposed as the diagnostic cut-off value for
CAEBV™. The disease is progressive, with
significantly elevated levels of EBV DNA in the blood
and organ infiltration by EBV-positive
lymphocytes'””. Therefore, it remains unclear
whether the baseline EBV load levels in patients with
CAEBV before diagnosis differ from those in patients
with other EBV infectious diseases. In our study,
using a threshold range of 2,300-2,800 copies/mlL,
patients with CAEBV were well distinguished from
those with IM, LNH, LL, and Ly, yielding a sensitivity
of 67.4%, specificity of 72%, and AUC of 73.2% (Table
2). This will provide clinicians with the opportunity to
identify patients with early CAEBV infection for
further testing by assessing EBV load levels in whole
blood, particularly in those with CAEBV enteritis'®”.
This is particularly meaningful for this subset of
patients because CAEBV infection suggests the need
for specific treatment regions®”".

Previous studies have reported that whole blood
samples exhibit higher sensitivity than plasma
samplesm] and that the detection rate of EBV DNA in
whole blood is higher than that in serum™. The EBV
detection rate was higher in patients with malignant
disease (18.35%) than in those with benign disease
(6.34%). Additionally, high levels of EBV DNA have
been associated with poor prognosis[m'“‘zs]. Based
on previous studies, patients with EBV DNA > 1,500
copies/mL showed higher N classification”®. Other
studies have also concluded that elevated plasma
EBV-DNA can predict NPC risk over 3 yearsm]. In the
present study, we considered that patients with EBV
levels higher than the mean median of the EN group
(GC, Ly, and NPC, 2,151 copies/mL) had a high
baseline EBV load, and extremely high EBV levels
were observed in IM, LL, LNH, and LT. Therefore, it is
difficult to determine the degree of malignancy of
this EBV-associated disease based on the high
baseline EBV load. However, this can indicate that
the patient has a high EBV load and relatively poor
infection status at this time. If EBV is malignant, the
prognosis may also be poorm].

Solid organ transplant (SOT) recipients have an
increased risk of infection and malignancy due to the
immunosuppression they receive to prevent allograft
rejection[zgl. This study found that SOT recipients,
particularly patients with LT and ST, had elevated
levels of whole-blood EBV DNA (Figure 2), which is
consistent with previous studiest**", However,
monitoring patients after SOT using EBV DNA
indicators alone may be insufficient. Studies
have reported that post-transplantation
lymphoproliferative disorder (PTLD) may develop
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without a further increase in EBV-DNA in WB, and
EBV-DNA testing in different specimen types or
complementary tests is requiredm]. Routine
screening of EBV-DNA in whole blood appears to be
a useful tool supplemented by EBV-load
measurement in plasma to discriminate chronically
high EBV-load carriers without the risk of PTLD from
those who are at risk of PTLD™..

Moreover, we observed that patients aged 0-3

years had the highest median WBEBV level among all
participants at 10,410 copies/mL, which was
significantly higher than that reported by others®”.
The primary reason was that 85.22% (611/717) of
the children aged 0-3 years in this study received
liver transplantations. However, no statistically
significant differences were observed between the
median EBV DNA levels of the KT and HC groups.
Lazzarotto et al. also reported a weak correlation
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Figure 4. Variation in whole-blood EBV-DNA levels across subgroups within these diseases. (A) Box plot
showing the EBV-DNA levels between APH group. (B) Box plot showing the EBV-DNA levels among TP
group. (C) Box plot showing EBV-DNA levels from co-infection patients. (D) Box plot showing EBV-DNA
levels for different types of Le. (E) Box plot showing EBV-DNA levels for Le. (F) Box plot showing EBV-DNA
levels for EN. (G) Box plot showing EBV-DNA levels for Ne; (H) Box plot showing EBV-DNA levels for Ly; (1)
Box plot showing EBV-DNA levels for benign and malignant diseases. APH: abnormal proliferation or
hyperplasia; EN: EBV-associated neoplasm; Le: leukaemia; Ne: neoplasm (other); SLE: systemic lupus

erythematosus; TP: transplant; IM:

nasopharyngeal carcinoma; Ly: lymphoma;

infectious mononucleosis; LNH:
GC: gastric cancer;

lymph-node hyperplasia; NPC:
Mol: monocyte leukaemia; GL:

granulocyte leukaemia; LL: lymphocyte leukaemia; MyL: myelocytic leukemia; MM: multiple myeloma;

LC: liver cancer; CC: colorectal cancer;

MDS: myelodysplastic syndrome; SEL:

systemic lupus

erythematosus; LT: liver transplantation; KT: kidney transplantation; ST: stem-cell transplantation.
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between EBV DNA in plasma and whole blood
samples from kidney transplant recipientsBS]. This
may be attributed to several factors, including
immunosuppression, inflammation, and senescence,
in kidney transplant patients. These factors play a
crucial role in viral reactivation and the expansion of
EBV-positive B cells®®,

In the APH subgroup analysis, the median EBV
DNA level was higher in the IM group than that in the
LNH group. This difference suggests an association
between primary EBV infection and elevated EBV DNA
levels®”. Among all the TP subgroups, LT had the
highest median EBV DNA. According to literature, the
presence of a high post-transplant EBV viral load may
be related to PTLD, which is a clinically heterogeneous
and potentially fatal complication of pediatric liver
transplantation (PLT)®®. The presence of high levels of
EBV DNA following transplantation was associated
with an increased risk of PTLD in a multivariate
analysislsg]. In the Le subgroup, the median EBV-DNA
level in LL was higher than that in Mol. Previous
studies have reported that patients infected with EBV
show an imbalance in lymphocyte subsets and
immune dysfunction, and the peripheral blood
lymphocyte count is a risk factor for death in EBV-
infected patients”ol,

Our study demonstrates that EBV infection is
associated with certain diseases, although it is often
detected in healthy individuals. The level of EBV DNA
load is closely linked to factors such as patient age,
specific diseases, targeted cells, hyperinflammatory
status®’, and immune response. Notably, a high
EBV-DNA load may be related to the suppression of
the immune status[42'43]; therefore, the EBV-DNA
level could potentially serve as an indicator of the
immune status in patients with reactivation. The
“U”-shaped age distribution of EBV-DNA levels and
the higher levels of EBV-DNA in HIV-infected patients
further supported the above conclusion.

LIMITATIONS OF THE STUDY

This study has several limitations. First, as a
cross-sectional study, we were unable to establish
a causal relationship between a high whole-blood
EBV load at baseline and malignancy. Second,
because the data were obtained from the patient
system, we were unable to analyze the dynamic
EBV levels at our time points. Third, owing to the
lack of prognostic data, conducting a long-term
follow-up of patients with a high baseline EBV load
to further confirm the relationship between
baseline EBV load and prognostic outcomes was

not possible. Finally, it did not consider
unmeasured potential confounding factors, such as
co-infection with other pathogens.

CONCLUSION

Our study demonstrated that the prevalence of
EBV infection is low in the healthy population in the
Zhejiang region, China, and that a high EBV load at
baseline is more common in LT, IM, and LL. The
present study is a large-sample survey to
characterize the prevalence of whole-blood EBV
levels for various diseases, including stages and
subtypes. Although no clear correlation was
observed between malignancy and a high baseline
EBV DNA load in whole blood samples, the EBV
detection rate was higher in patients with cancer
than in those without cancer. Our study provides
clinicians with baseline information regarding EBV-
associated diseases.
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