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ABSTRACT

Purpose: Epstein-Barr virus (EBV) is a member of the family Gamma Herpes viridae and is usually implicated in malignancies
like non-Hodgkin’s lymphoma, Hodgkin’s lymphoma and Burkitt’s lymphoma. The present study was designed with the aim to
estimate the seroprevalence of EBV in people with hematological malignancies and further follow up was planned by viral load
quantitation by Real time PCR in positive cases. Methods: The current study was planned for a period of three years and a total of
272 serum samples were tested from patients with hematological malignancies namely; HL, NHL, ALL, CLL. Serological testing was
performed for the presence of IgM and IgG antibodies against EBV viral capsid antigen. Sera of the patients found positive for IgM
was further subjected to viral DNA extraction and Real Time Quantitative PCR was performed by a commercial kit. Results: The
overall seropositivity rate was 89.2% for EBV IgG antibodies and 56.1% for IgM antibodies. The seroprevalence for anti-EBV VCA
IgM was found to be highest in the age group <10 years (34.8%) and 11-22 years (20.4%). Of the 109 EBV positive strains by PCR,
27.3% were HL, 35.2% NHL, 24.3% ALL and 13.7% were CLL. The mean viral load was 68.7 x 107 copies/ml DNA. Conclusion: Our
study showed a higher seroprevalence and a definite causal relationship of EBV in lymphoma patients. Young adults showed a
higher risk of hematological malignancies as compared to elder population. This study can prove to be an essential guide and aid
to the primary care physicians in identifying the possible risk factors and seroprevalence in various age groups of EBV malignancy
patients for their proper follow up and referral to higher speciality centres.
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Introduction

Epstein-Barr virus (EBV) is a widely prevalent DNA virus which is
amember of the Ganma Herpesviridae family. It is the causative agent
of a common childhood infection ; “infectious mononucleosis (IM)
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“found wotldwide and has a prevalence rate of almost 90%." This
virus is usually present in the human saliva and can spread through
kissing, sharing of personal food items (also known as ‘kissing
disease’). After exposure or transmission through these routes,
EBV enters the oropharynx and infects the resident epithelium
along with the B-cells, followed by replication and spread across
the whole body. The incubation period may last from four to seven
weeks.”! EBV disease usually manifests in two forms :ptimary/
latent infection and the reactivation disease. It remains latent for
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years until reactivation occurs due to immunocompromised states
of the body. It is implicated in various forms of malignant diseases
;both hematological and non-hemtological ones. Non-Hodgkin’s
lymphoma (NHL), Hodgkin’s Lymphoma (HL) and Burkitt’s
Lymphoma (BL) are the common hematological malignant diseases
caused by EBV whereas; gastric adenocarcinoma and nasopharyngeal
carcinoma are the common non-hematological malignancies.” It’s
causal role has also been implicated in chronic lymphocytic leukemia
in adults and childhood leukemia.'! EBV is also a causative agent in
patients undergoing hemodialysis as well as transplant. Post-transplant
lymphoproliferative disorder (PTLD) is an entity due to EBV in

transplant recipients.P

The seroprevalence of EBV antibodies is seen to increase with
age and varies across different populations based on geographical
distribution, ethnicity and socioeconomic status. Nasopharyngeal
carcinoma and Burkitt’s Lymphoma are mostly endemic in China
and eAfrica, respectively, but uncommon elsewhere in the world.
Extranodal nasal-type natural killer (NK)/T-cell lymphomas show a
high geographical predilection for Asia, South America, and Central
American countries and are rarely seen in the United States and Europe.

EBYV has varied clinical presentation and can be easily confused
with other acute viral diseases caused by other members of the
Human Herpes family such as CMV and other hepatitis viruses.”
The testing assays commonly utilized for the diagnosis of EBV
infection can either be nonspecific like heterophile antibodies
detection tests (mono spot test) or specific serological assays such
as ELISA, EIA, IFA, and IgG avidity tests along with molecular
assays for nuclear acid detection.®! Molecular assays mostly
employed nowadays; are Real time PCR techniques, along with
In sitn hybridization techniques. Diagnosis, monitoring of EBV
infection as well as reactivation can now be easily done by latest
techniques of Quantitative RT PCR, and blotting methods like
Southern blotting and Dot blotting,”

Most of the serological tests employed for EBV diagnosis use
the product of structural and non-structural genes against
humoral antibodies of EBV. Viral capsid antigens (VCAs),
the eatly antigens (EAs), as well as the genes that code for
Epstein—Barr nuclear antigens (EBNAs) are most commonly
used genes."" At least two serological parameters ate needed
to detect EBV antibodies in suspected EBV cases: VCA-IgG
and VCA-IgM. The humoral response to the VCA complex
in the form of IgM and IgG is typically found at the onset of
clinical symptoms.'! Recent primary EBV infection is usually
determined by VCA-IgM and is never detected later in life.
Whereas; VCA IgG is an indicator of acute, convalescence, as
well as past EBV infections.

The present study aimed to determine the Seroprevalence of
EBYV among different age groups with hematological malignancies
over a time period of three years along with the associated
epidemiological parameters and risk factors and further followed
by viral load quantitation by Real time PCR in positive cases.
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Materials & Methods

Place & duration of study

The present observational study was planned at a tertiary Health care
institute of North India between January 2017 to December 2019.

Patient selection

In the span of three years study period ;(2017-2019); a
total of 272 consecutive serum samples were obtained from
patients with hematological malignancies namely; HL, NHL,
acute lymphoblastic leukemia (ALL), chronic lymphocytic
leukemia (CLL) that was diagnosed at our Oncology centre
based on clinical manifestations, laboratory findings (lymph
node biopsy and flow cytometry on peripheral blood, bone
marrow aspirate, and so on) and other laboratory tests. The
inclusion criteria were the positive diagnosis of one of the above
mentioned hematological malignancies and written informed
consent whereas; the exclusion criteria included patients with
other hematological disorders, no definite diagnosis and where
written informed consent was not available.

Sample preparation and testing

Serological testing — Venous blood samples were procured from
each suspected patientin a 5 ml vial. The sera samples were tested
for the presence of EBV IgM and IgG antibodies against the
viral capsid antigen (VCA). The presence of anti-EBV capsid
antigen (VCA) IgG and IgM was detected by commercially
available DRG ELISA kits (DRG International, Inc., USA). The
results for both IgG and IgM were interpretated as per the
manufacturet’s instructions provided in the kit.

Molecular testing — Sera of the patients found positive for
IgM was further subjected to viral DNA extraction using
Qiagen Viral DNA/RNA kit (QLAamp, USA) according to the
manufacturer’s instructions. Real Time PCR was also performed
as per standard instructions by Geno-Sen’s EB1” (Rotor Gene) Real
Time PCR Kit Quantitative for use with the Rotor GeneTM
2000/3000/6000 (Corbett Research Australia).!'?

Statistical analysis

The results were analysed using the SPSS version 22 software (SPSS
Inc., Chicago, 1L, USA). The frequencies are shown with 95%
confidence intervals (95%CI). The Chi-square and Mann—
Whitney U test was used to analyse the statistically significant
variables. The statistically significant values were considered as
P value <0.05.

Results

Out of the total 272 participants, disease categorization was
as: 101 ALL, 69NHL, 64 CLL and 38 HL cases [Figure 1]. Of
these cases, 52.5% (143/272) were males and 47.4% (129/272)
were females. The median age was 11 years and range was from
1 month to 48 years. The overall seropositivity rate for EBV IgG
antibodies was 89.2%, 243 /272 (95%CI 86.1-92.3). Comparing
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Figure 1: Distribution of hematological malignancies

the age groups, IgG seropositivity was seen to increase from
63.4% in children <10 years of age to 95.3% in 36—45 year olds,
and remained constant thereafter with increasing age (P < 0.001).
Speaking of the specific population group, prevalence was seen as
lowest in children/adolescents (<32 years) (68.1%) as compared
to 89.2-98.9% in adults (P < 0.001). Hence, it was determined that
increasing age and older age group was a significant risk factor
for the EBV IgG seropositivity [Table 1, Figure 2.

IgM antibodies to EBV were detected in 56.1%, 152/272 (95%CI
52.4 — 59.8) of participants indicating acute infection. No
significant difference was found between males and females
in the prevalence of IgM antibodies (54.5% vs. 57.1%). The
seroprevalence for anti- EBV VCA IgM was found to be highest
in the age group <10 years (34.8%) and 11-22 years (20.4%)).
Prevalence was however, detected in almost all the age groups
with 18.6% in 23-32 year olds, 11.3% in 33—42 year olds, and
5.8% in persons >43 years [Table 1, Figure 2.

Regarding the molecular testing by Real time PCR, out of the
total 272 samples; 109 were tested as positive giving the positivity
rate of 40.03% [Table 1, Figure 2].

Of the 109 EBV positive strains, 27.3% (30/109) were
HL, 35.2% (38/109) were NHL, 24.3% (26/109) ALL,
13.7% (15/109) were CLL. Viral load quantitation for positive
cases was done by plotting a standard curve using the standard
controls of the kit. The mean * std. deviation of viral loads
wete 68.75 X 10° + 30.05 X 107 copies/ml DNA. The highest
viral load was seen in the cases of NHL, followed by HL,, ALL
and CLL. Statistically significant differences was noted between
the EBV infectivity and the four groups of hematological
malignancies (p < 0.05). NHL and HL group of patients
revealed a much higher viral load as compared to ALL and CLL
cases; establishing a clear and stronger relationship of EBV
pathogenesis in these two malignancies. Statistics also showed
a significant difference between age (p = 0.001) and EBV
infectivity. Young adults (<34 years) showed a higher risk of
hematological malignancies as compared to the elder population.
However, no statistical significance was noted between gender
variable and EBV infectivity (p = 0.3)

Journal of Family Medicine and Primary Care

1204
m Total cases
1004 m IgG positive
m IgM positive

804 m PCR positive

60|

40+

20|

HL NHL ALL CLL

Figure 2: Comparison between different groups of hematological
malignancies and their IgG, IgM and PCR positivity

Discussion

Epstein-Barr Virus (EBV) has a seroprevalence of almost
95% and infects nearly all humans upto adulthood. In people
with malignancies, the malignant cells harbour the EBV DNA
within them and hence, EBV DNA circulates at elevated levels
in the plasma. The current study was designed with the aim to
determine the Seroprevalence of EBV among different age
groups with hematological malignancies and also viral load
quantitation by Real time PCR in positive cases.

Our study reported the overall seropositivity rate for EBV IgG
antibodies as 89.2%. A study from Iran, showed significantly higher
EBV seropositivity in younger age group of children with ALLIM A
study by Venkitaraman ez a/" also reported seroprevalence of IgG
antibodies to VCA upto age of 5 years as 80%. Our finding was also
supported by the results of survey conducted by National Health
and Nutrition Examination Surveys (NHANES), United States
which showed similar seropositivity rates: 50% in 68 years, 59% in
1214 years, and 89% in 18-19 years.” Other similar studies showed
that majority of the children are infected with EBV in the eatly phase
of their life. A study from Thailand estimated a seroprevalence
rate of 50.4% in children <2 years, and 97.6% in children of
12-14 years.' Tt is usually seen that EBV infection in developed
countries like USA often occurs in delayed adolescence, whereas,
in developing Asian countries like us, the EBV infection is usually
acquired in the first 10 years of life along with seroconversion.!”
Moreover, in developing countries several epidemiological factors,
such as crowded living conditions, lower socio-economic status, have
also been implicated in the increase of the possibility of being EBV

seropositive in the eatly years of life.!'*]

In our study, the overall prevalence of IgM antibodies was
56.1% in hematological malignancies, indicating an acute EBV
infection. VCA-IgM is used as an indicator of recent primary
EBYV infection and is secreted transitionally. Indeed, VCA-IgM
is no more detected after convalescence, and generally it does
not occur another time in life.” Our study showed that there
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Table 1: Seroprevalence of EBV antibodies (IgG and IgM) according to patient’s characteristics

Characteristics Total tested n (%) EBV VCA IgG n (%) P EBV VCA IgM n (%) P
Overall cases 272 (100) 243 (89.2) 152 (56.1)
Gender 0.150 0.006
Male 143 (52.5) 126 (88.1) 78 (54.5)
Female 129 (47.4) 119 (92.7) 74 (57.1)
Age (years)
<10 33 (12.2) 21 (63.4) <0.001 11 (34.8) <0.001
11-22 58 (21.4) 39 (68.7) 12 (20.4)
23-32 37 (13.5) 27 (72.3) 7 (18.6)
33-42 45 (16.3) 42 (94.5) 5(11.3)
>43 99 (36.6) 95 (95.6) 6 (5.8)
Population group
Children/Adolescents 179 (65.7) 121 (68.1) <0.001 101 (56.2) <0.001
Adults/Elderly 93 (34.3) 61 (95.7) 42 (44.8)
Hematological malignancies
Hodgkin’s lymphoma (HL) 38 (13.9) 85 (31.4) <0.001 79 (29.2) <0.001
Non-Hodgkin’s lymphoma (NHL) 69 (25.3) 95 (35.1) 102 (37.7)
Acute lymphoblastic leukemia (ALL) 101 (37.1) 50 (20.8) 58 (21.4)
Chronic lymphocytic leukemia (CLL) 64 (23.5) 34 (12.7) 32 (11.7)

was no difference in EBV seropositivity between males and
females (54.5% vs. 57.1%), which is similar to the other similar
studies. A study by Norguriza et al. also revealed that there was
no significant difference in EBV seropositivity between males
and females.”!! A recent study in the year 2020 done in United
Kingdom also revealed overall increased EBV seroprevalence in
the adolescent age group.”” While a similar study by Winter ez a/;
opined that EBV seroprevalence generally increases until around
24 years of age and remains constant thereafter.””!

EBYV viral load is an important marker for pathogenesis and disease
prognosis in patients with hematological malignancies. Epstein—
Barr virus DNA detection in patient’s serum is even more sensitive
than serology and IgG avidity testing.”!! Serological tests ate usually
adequate for EBV diagnosis in immunocompetent individuals unless
the results are indeterminate or invalid.?! PCR testing is usually
required when the EBV related malignancy is strongly suspected
with negative serology results.”™! In EBVassociated malignancies,
the sample of choice is important based on the type of disease.
Serum is highly useful in detecting EBV DNA in hematological
malignancy patients as the pathogenesis of the disease involves
circulation of EBV DNA in bloodstream through malignant cells.
We used serum samples in our current study for EBV viral load
quantification via RT-PCR and disease prognosis.”” We were able
to establish a definite causal relationship between EBV and NHL,
HL patients. Highest viral load was seen in the class of NHL and
HL patients. The mean viral loads in our tested samples were
68.75 X 10° + 30.05 X 107 copies/ml DNA. Several studies in the
hematological malighancy patients also revealed strong correlation
in these two malignancies. A Scandinavian study from 2003, a
British study from 2009 found EBV positive young adults to be at
increased tisk of HL.?**" An Italian multicenter case-control study
from 2000 also demonstrated an increased risk of non-Hodgkin
lymphoma (NHL) in EBV positive cases.” A statistically significant
difference was also noted between age (p = 0.001) and EBV
infectivity. Young adults (<34 years) showed a higher risk of
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hematological malignancies as compared to the elder population.
A study by Hjalgrim et al., in Scandinavia revealed an increased risk of
EBV-positive HL in young adults.”” Vatious risk factors associated
with increased risk of EBV infectivity include immuno- suppressive
drugs, anti-neoplastic drugs, steroids, and subsequently; may cause
a high risk of development of lymphoma and cancers, including

leukemia and multiple myeloma.?

Conclusion

There is still a lack of enough and high quality data on the
seroprevalence of EBV among different age groups in various
regions of developing Asian countries. The current study highlights
the importance of primary care physicians in counselling and
educating the patients as well as identifying their possible risk
factors which may cause a high risk of development of lymphoma
and hematological cancers. Our study comprised a large group
of participants expanding over a period of three years and was
successful in giving seroprevalence rates among different ages —
groups and also established a definite causal relationship of EBV
with various hematological mlignacies. However, many more
studies and research work is still required to understand the exact
pathogenesis of EBV and also to estimate the seroprevalence in
other EBV disease groups.
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