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Abstract: Viral infections such as Epstein-Barr virus
(EBV) and Herpes simplex virus (HSV) represent sig-
nificant complications in patients with haematological
malignancies and increase the frequency of morbidity
and mortality. These infections represent one of the
main factors of unsuccessful treatment; therefore, reg-
ular monitoring of active viral infections is necessary.
The work aimed to determine the frequency and dy-
namics of active EBV and HSV infection in patients
with haematological malignancies, monitored at the
Institute of Microbiology and Immunology, Faculty
of Medicine University of Belgrade over two years.
This study included 35 patients treated at Hematol-
ogy Clinics of the University Clinical Center of Ser-
bia. Patients were monitored during 2020-2021. Ten
blood samples were taken from each patient during
monitored period. The samples were taken in a time
interval between 2 weeks and three months, depend-
ing on the arrival of patients at medical controls. The
first sample is marked with the first measurement of
blood drawn during 2020 for each patient. The sec-
ond measurement was a second blood sample taken
in the previously mentioned time interval, and so on
up to the tenth sample marked as the tenth measure-
ment. For the detection of EBV DNA, the “in-house”
PCR method was used to detect the EBNA-1 gene.
According to the manufacturer’s instructions, the
commercial kit Ampli Sens® HSVI, II-FRT was used
for HSV DNA detection (InterLabService, Moscow,
Russia). The lowest frequency of EBV infection was
during the second measurement (8.57%), while the
highest was during the eighth and tenth measurements
(31.43%). The highest frequency of HSV infection was
during the eighth measurement (5.71%), while during
the third, fifth and ninth measurements, none of the

subjects had positive PCR for HSV DNA. A statisti-
cally significant difference was found in the frequency
of EBV infection in later measurements compared to
earlier measurements (p=0.002). In contrast, this was
not the case in the study of HSV frequency infection
(p=0.750). This study presents the dynamics of the
frequency of active EBV and HSV infection in patients
with haematological malignancies in two-year period.
The frequency of active EBV infection was significantly
higher compared to HSV infection.
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1. Introduction

Haematological malignancies are diseases character-
ised by abnormal blood cell production and function
(Auberger et al. 2020). Three main groups of haema-
tological malignant diseases are leukemia, lymphomas
and multiple myeloma (Nedeljkov et al. 2020). They
account for 1.2 million new cases each year worldwide
and represent about 7% of all newly diagnosed cancers
(Auberger et al. 2020).

Leukaemia is a group of hematologic cancers that
arise in the blood-forming cells of the bone marrow
and lead to the accumulation of abnormal blood cells
in the bone marrow (BM) and bloodstream. While all
age groups can be affected, leukaemia is the most com-
mon pediatric tumour (Auberger et al. 2020). There are
four main types of leukaemia: Acute lymphocytic (or
lymphoblastic) leukaemia (ALL), Acute myeloid leu-
kaemia (AML), Chronic lymphocytic leukaemia (CLL)
and Chronic myeloid leukaemia (CML) (Nedeljkov et
al. 2020; Aster et al. 2010). Lymphomas begin in cells
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of the lymph system - T and B lymphocytes. Hodgkin
lymphoma (HL) and non-Hodgkin lymphoma (NHL)
are the two main types (Nedeljkov et al. 2020).

The most important etiological factors contrib-
uting to haematological malignancies are ionising
radiation, chemical (benzene), genetic factors, chro-
mosomal aberrations and oncogenic viruses (Nedel-
jkov et al. 2020). Viral infections are one of the most
important causes of morbidity and mortality in pa-
tients with haematological malignancies, among which
Epstein-Barr virus (EBV), herpes simplex virus (HSV),
cytomegalovirus (CMV), varicella-zoster virus (VZV)
and respiratory syncytial virus (RSV) (Marmont et al.
1991; Wade et al. 2006) are the most common.

EBYV is highly prevalent since it affects 80-90% of
individuals worldwide. EBV causes three types of in-
fection: lytic in permissive cells (epithelial cells of the
oropharynx and B cells), latent infection in non-per-
missive cells - memory B lymphocytes and transfor-
mation of B lymphocytes. EBV causes lifelong latent
infection in memory B cells, and after their activation,
reactivation occurs, which is always accompanied by
virus excretion in saliva, but with no clinical mani-
festations, except in immunocompromised persons
(Cupic¢ et al. 2019).

HSV is the first recognised human herpesvirus.
There are two types of human herpesvirus - HSV 1
and 2. HSV 1 is associated with infections such as gin-
givostomatitis, labial herpes and keratoconjunctivitis,
while HSV 2 is mainly associated with genital herpes
(Cupic¢ et al. 2019).

EBYV, the first identified human oncogenic virus,
contributes to approximately 1.5% of malignant tu-
mours worldwide. EBV has a high oncogenic poten-
tial and is associated with developing certain human
tumours such as lymphomas, nasopharyngeal cancer
and lymphoproliferative diseases in people with im-
munodeficiencies (Yuan et al. 2022). In patients with
CLL, HSV reactivation was found in 15%, while among
patients with acute leukaemia, it was found in 90%
(Wade et al. 2006; Ljungman et al. 2004; Sandherr et
al. 2006). HSV infections in immunocompromised
patients are more invasive than in immunocompe-
tent. Changes in the skin and mucous membranes heal
slower, they are associated with slower shedding of the
virus, and are often disseminated (Wade et al. 2006).

Despite the use of various antiviral drugs in clinical
practice, infections-caused agents such as HSV, VZV,
EBV and CMYV are associated with the most frequent
and severe complications in patients with haematolog-
ical malignancies. These infections increase morbidity
and mortality and are the main factor of unsuccessful
treatment. Therefore, constant laboratory monitoring
of the reactivation of latent viral infections in these
patients is necessary (Busca et al. 2012).
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The work aimed to determine the frequency and
dynamics of active EBV and HSV infection of patients
with haematological malignancies, which were mon-
itored in the Virology Laboratory of the Institute of
Microbiology and Immunology, Faculty of Medicine
University of Belgrade over two years.

2. Results

2.1. Patients

In this study, 35 patients were included. The average
age of the patients was 39.43 (20-65) years. Twen-
ty-three (65.71%) patients were male, while twelve
were female (34.29%). The most common diagnosis
was AML 16/35 (45.71%), then lymphoid cell leukae-
mia 5/35 (14.29%), myelodysplastic syndrome 4/35
(11.43%) and myeloid leukaemia 4/35 (11.43%), CLL
2/35 (5.71%). On the other hand, the diagnoses are
ALL, peripheral T-cell lymphoma, HL and post-trans-
plant condition organs/tissues were present in 1 pa-
tient each (2.86%).

2.2. Frequency of active EBV and HSV infection

The lowest positive rate of active EBV infection was
during the second measurement (8.57%) while the
highest during the eighth and tenth measurements
(31.43%) (Figure I). A statistically significant differ-
ence was found in the frequency of active EBV in-
fection in later measurements compared to earlier
measurements (p=0.002).

The frequency of HSV active infection was sig-
nificantly lower than active EBV infection in the same
patients. None of the patients had an active HSV infec-
tion during the third, fifth and ninth measurements.
The highest frequency was during the eighth mea-
surement (5.71%) (Figure I). A statistically significant
difference in the frequency of active HSV infection in
later measurements has not been established compared
to earlier measurements (p=0.750).

2.3. Frequency of active EBV and HSV
infection in relation to gender
The frequency of active EBV infection in male pa-
tients has increased over time. The lowest frequency
of active EBV infection in male patients was present
during the first measurement (8.57%), while the high-
est frequency of active EBV infection in male patients
was during the last measurement (31.43%) (Figure II).
A statistically significant difference was found in the
frequency of active EBV infection in male patients in
later measurements compared to earlier measurements
(p=0.004).

The frequency of active EBV infection in female
patients had similar dynamics during ten measure-
ments, while no statistically significant difference was
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Figure 1. Percentage of active EBV and HSV infection at each measurement
in 35 patients suffering from haematological malignancies
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patients suffering from haematological malignancies in relation to gender
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found in the later measurements in the relationship to
earlier measurements (p=0.264) (Figure II).

None of the male patients had an active HSV in-
fection in most measurements (first, second, third,
fifth, seventh and ninth). In the fourth, sixth and
tenth measurements, the frequency was 4.35%, while
the highest frequency of active HSV infection in male
patients was in the eighth measurement (8.70%) (Fig-
ure III). No statistically significant difference was
found in the frequency of active HSV infection among
male patients during the later compared to the earlier
measurements (p=0.202).

None of the female subjects had an active HSV
infection in the largest number of measurements
(third, fourth, fifth, sixth, eighth, ninth and tenth),
while the frequency in the first, second and seventh
measurements was 8.33% (Figure III). No statistically
significant difference was found in the frequency of
active HSV infection among female patients during the
later compared to the earlier measurements (p=0.147).

3. Discussion

Viral infections represent one of the most critical fac-
tors in the unsuccessful treatment of patients with hae-
matological malignancies (Busca et al. 2012). EBV and
HSV infections occur because of compromised im-
mune response. The immune response is compromised
in these patients because of the disease’s characteristics
and side effects of the applied chemotherapy (Hallek
et al. 2018; Andrei et al. 2021). Infections caused by
viral agents are associated with the most frequent and
severe complications in patients with haematological
malignancies. They lead to increased morbidity and
mortality and are the main factor of unsuccessful treat-
ment. Therefore, constant laboratory monitoring of the
reactivation of latent viral infections in these patients is
necessary (Busca et al. 2012). Active EBV infection in
patients with NHL is variable and is between 0.1% and
63%, while in patients suffering from Burkitts lym-
phoma, the most aggressive type of NHL in endemic
areas is 100% (Ma et al. 2011; Ru et al. 2022). Five-year
survival in patients with HL, over 45 years of age with
active EBV infection was 37%, while of patients who
did not have an active EBV infection was 74% (Liu et
al. 2010). In our study, the highest frequency of active
EBYV infection was 31.43%, and the lowest 8.57%. This
study determined EBV PCR positivity throughout 10
measurements, and it was possible to monitor the dy-
namics and change of EBV positivity over time. This
represents the main advantage of this study compared
to many others that conducted only one measurement
(Guan et al. 2017; Ahmed et al. 2012). In this study,
the frequency of active EBV infection in patients
with haematological malignancies increased during
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the follow-up period, and the frequency of EBV in
male respondents increased over time, while it did not
change significantly among women. Guan et al. (2017)
examined the rate of EBV reactivation in patients with
acute leukaemia in the period of 2-5 years from the
diagnosis and found it in 34.6% of patients with acute
leukaemia, while in healthy controls it was significantly
smaller around 5.4%. Ahmed et al. (2012) conducted
a study examining the incidence of EBV infection and
found that EBV reactivation in patients with different
types of leukaemia was 36.3%, while EBV reactiva-
tion was not observed in the control group. Ru et al.
(2022) found that the one-year cumulative incidence
of EBV in patients with ALL was 23% and in AML
patients 28%. The percentage of EBV infection in the
mentioned studies is similar to later measurements in
our study. However, to make an adequate comparison
with our study, data on the dynamics and changes in
the frequency of active infection during a period are
necessary.

In our study highest frequency of active HSV in-
fection was 5.71%, while none of the patients had an
active HSV infection in several measurements. It was
found that there were no significant changes in the
frequency of active HSV infection over time, as well
as in relation to gender. Previous studies showed that
in patients with CLL, reactivation of HSV was found
in 15% of patients, while among patients with acute
leukaemias, it was found in 90% of patients (Ru et al.
2022; Lungman et al. 2004; Sandherr et al. 2006). The
incidence of reactivation of HSV infection in patients
with acute leukaemia is high and present in 37-68% of
patients treated with intensive chemotherapy (Djuric
et al. 2009; Yahav et al. 2009). Hong et al. (2020) say
that patients suffering from acute leukaemias receiv-
ing intensive chemotherapy need prophylactic appli-
cation of antiviral drugs effective in suppressing HSV
infection, such as acyclovir and valacyclovir. Park et
al. (2011) reported that HSV reactivation was 10.7%
in patients with diffuse large B-cell lymphoma. The
cumulative incidence of HSV reactivation during five
years amounted to 20.16% in subjects suffering from
NHL and HL who were in intensive care chemother-
apy without prophylactic antiviral therapy (Lee et
al. 2012). The results from the mentioned research
are not in according to the results of this study be-
cause the frequency of HSV infection is significant-
ly higher than in our study. The discrepancy can be
explained by the fact that in the mentioned studies,
patients were treated with intensive chemotherapy,
which can cause side effects, at the same time, there
is a possibility that the patients from our study were
on prophylactic treatment antiviral therapy, such as
acyclovir. Also, in all previously mentioned studies
only detection of active HSV infection was done in
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one time so we could not compare changes in HSV
positivity over time.

In 9 patients, active EBV infection was not found in
any of the ten measurements, while in 26 patients, active
HSV infection was not found in any of the ten measure-
ments. In one patient, active EBV and SBV infections
were not found during all ten measurements, and his
diagnosis was post-organ/tissue transplant condition.

The main limitation of this study is the lack of exact
time of diagnosis and the impossibility of comparing
the measurements of active EBV and HSV infections
in relation to the time of diagnosis. Other limitations
are the lack of a control group and the low number
of patients.

4. Materials and Methods

Thirty five patients treated at Hematology Clinics of
the University Clinical Center of Serbia were included
in this retrospective study conducted at the Institute
of Microbiology and Immunology, Faculty of Medi-
cine, University of Belgrade. Patients were monitored
during 2020 and 2021. Ten blood samples were taken
from each patient individually during the two-year
period. Blood samples are taken at time intervals rang-
ing between 2 weeks and 3 months, depending on the
arrival of patients at medical controls. The first blood
sample taken in 2020 for each patient was marked as
the first measurement. The second measurement was
the second blood sample taken in the previously men-
tioned time interval; the third blood sample was the
third measurement until the tenth sample was marked
as the tenth measurement. For each patient from the
Virology Laboratory’s documentation, the Polymerase
chain reaction (PCR) results for EBV and HSV for all
ten blood samples, together with anamnestic data on
sex, year of birth and disease diagnosis, were taken.

4.1. Nucleic acid extraction

Each blood sample was centrifuged for 5-10 minutes
at 2000xg. Then, according to the manufacturer’s in-
structions, 200ul of buffy coat was used for nucleic
acid extraction using a commercial kit - QIAmp DNA
Mini Kit (Qiagen, Valencia, CA, USA).

4.2. Detection of EBV DNA

For the detection of EBV DNA, the “in-house” nested
PCR method for detecting the EBNA-1 gene was used.
Primers for the first PCR round of EBV detection were:
Fw 5 - AGATGGTGAGCCTGACGTG - 3’ and Rev
5 - GCATCCTTCAAAACCTCAGC - 3’ while for the
second round Fw 5’ -GCATCCTTCAAAACCTCAGC
-3 and Rev 5 - GGGTCCAGGGGCCATTCCAAA -
3’ The expected length amplified EBNA1 PCR product
was 329 bp (Lorenzetti et al. 2010). The total volume of

the PCR reaction for the detection of EBV DNA was 25
ul. The Taq DNA Polymerase kit (Qiagen, Germany)
was used for the PCR mix. PCR program for the first
EBV amplification round included denaturation at 95°C
for 10 minutes, then 40 cycles of the following three
steps: denaturation at 95°C for 2 minutes, primers an-
nealing at 58°C for 1 minute and elongation at 72°C for
1 minute; finally, the final extension was done at 72°C
on the 10 minutes. Gel electrophoresis in 2% agarose
gel was used to visualise EBV PCR products. The appro-
priate size of the positive EBV PCR product was 329bp.

4.3. Detection of HSV DNA

According to the manufacturer’s instructions, the com-
mercial kit AmpliSens® HSV I, II-FRT was used for
HSV DNA detection (InterLabService, Moscow, Rus-
sia). AmpliSens” HSV [, II-FRT PCR, the kit is an in
vitro nucleic acid amplification test for the qualitative
detection of DNA HSV 1 and 2 in clinical material. De-
tection of HSV 1 and 2 by the PCR method is based on
amplification of specific regions of the virus genome
using specific HSV 1 and 2 primers. The target gene
detected is the gpB gene. Detection of HSV 1 and 2 by
this method involves the extraction of DNA HSV 1 and
2 from clinical materials with the presence of internal
control (IC) and real-time PCR amplification of DNA
HSV 1 and 2 and IC. The total volume of the PCR
reaction for HSV DNA detection was 30 ul. PCR am-
plification program for HSV included following steps:
denaturation at 95°C for 15 minutes, then five cycles of:
denaturation at 95°C for 5 seconds, annealing at 60°C
for 20 seconds and extension at 72°C for 15 seconds,
then followed by 40 cycles of denaturation at 95°C for 5
seconds, annealing at 60°C for 30 seconds (fluorescent
signal) and extension at 72°C for 15 seconds.

4.4. Statistical analysis

The data were analysed using descriptive and analytical
statistics methods in the computer program “Statis-
tical Package for the Social Sciences version 26” for
Windows. To describe categorical data, absolute and
relative numbers (in the form of a percentage) were
used. Numeric variables are defined by median and
range values. The normality of the distribution was
evaluated mathematically (Shapiro-Willk and Kolm-
ogorov-Smirnov tests, skewness and kurtosis measure
symmetry and peaking of the distribution and coet-
ficient of variation) and graphically (histogram and
diagram boxes). Linear regression was used to examine
the trend of changes in the percentage representation
of positive findings of the studied viruses, showing the
linear function equation and the p-value (equation in
the form: y=a+bx) and coeflicient of determination
(R2). The probability value of p<0.05 is considered
statistically significant in all statistical tests.
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5. Conclusions

This study presents the dynamics of the frequency of
active EBV and HSV infection in patients with haema-
tological malignancies in two years. The frequency of
active EBV infection was significantly higher than that
of active HSV infection. The importance of monitoring
active EBV infection in patients with malignancies is
highlighted because this virus has a high oncogenic
potential and is associated with lymphoma, nasopha-
ryngeal cancer and lymphoproliferative disease in per-
sons with immunodeficiencies. So, the presence of one
malignant tumour can encourage the emergence of a
new one due to frequent active EBV infection.
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