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Abstract

Background: Epstein-Barr virus (EBV) belongs to the family of human y-herpesviruses, which affects about 90% of the adult
population in the world and is the etiological factor of various lymphoproliferative, malignant neoplasms, as well as many
autoimmune diseases. Currently, there is no single approach to the treatment of chronic Epstein-Barr virus infection in the world and
none of the antiviral drugs have been licensed for the treatment of EBV infections. From 1939 to the present, new antimicrobial
peptides (AMPs) have been developed in the world - this is a group of oligopeptides with different amounts (from 5 to 100 or more) of
amino acids, which are essential components of innate immunity and are candidates for the creation of new anti-infective drugs. One
of the AMPs is alloferon, which has antiviral and antitumor activity, suppresses the expression of proinflammatory cytokines.
Methods: The study was conducted in 110 patients suffering from chronic Epstein-Barr virus infection (EBVI). The group consisted
of 72 women and 38 men. The average age was 38.45 + 1.08 years. The duration of EBVI was 3.65 + 0.20 years. All patients
underwent EBV DNA testing using PCR in saliva samples and tumor necrosis factor-a production in lymphocyte culture medium.
Results: TNF-a production depends on the number of EBV DNA copies and the duration of the disease. Alloferon were shown to
have an anti-inflammatory mechanism of inhibition of TNF-a production.

Conclusions: Alloferon inhibits the production of proinflammatory TNF-a in patients with EBV.
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an expedition to Equatorial Africa (Uganda) and obtained as a
result of a biopsy of a patient with Burkitt's lymphoma (BL) in
1964 [5]. EBV was registered as the first oncogenic human virus
with a high degree of infection of the population worldwide [6].
The World Health Organization recognized EBV as an oncogenic
virus of class | [7-9]. Primary human infection is often
asymptomatic and depends on socioeconomic factors, such as
overcrowding and poor sanitation. The main way a virus spreads

Introduction

Epstein Barr virus (EBV) belongs to the family of human y-
herpesviruses, which affects about 90% of the adult population in
the world and is the etiologic factor of various
lymphoproliferative, malignant neoplasms, as well as many
autoimmune diseases [1-4]. Epstein—Barr virus (EBV) was first
isolated and identified by electron microscopy by Anthony
Epstein and Yvonne Bar in a culture of tumor cells brought from
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is through direct contact with saliva from a carrier. Infection can
also be transmitted through sexual contact, organ transplantation,
and blood transfusion [10]. More than 90% of adults and 50% of
children worldwide are seropositive for EBV [11]. Primary EBV
infection, transmitted through saliva, is usually acquired in
childhood. Most EBV infections in children are asymptomatic.
However, approximately 50% of teenagers and adults may
develop infectious mononucleosis syndrome [12], which is rarely
fatal [13-15], chronic active infection [16,17], hemophagocytic
syndrome [18], or neoplasms such as Burkitt lymphoma,
undifferentiated nasopharyngeal carcinoma, gastric carcinoma,
Hodgkin lymphoma, T-cell lymphoma, NK/T-cell lymphoma of
the  nose, aggressive  NK/T-cell lymphoma/leukemia,
leiomyosarcoma, and  lymphoproliferative  disorders in
immunocompromised  hosts, including  AlDS-associated
lymphomas [19,20]. Following primary infection, EBV can
persist in the host for life [21]. In high income countries, EBV
seroconversion peaks in children aged 2—4 years and 14-18 years,
peaking in late adolescence and declining after age 35 [22],
reaching infection rates of over 90% with age. Therefore, almost
all children become seropositive by the age of 6. Infection rates of
over 90% with age. Therefore, almost all children become
seropositive by the age of 6 [23]. In low income countries, most
children become infected with EBV in early adolescence [24].

Most previously published studies have shown that guanine
nucleoside analogues, acyclovir (ACV) and ganciclovir (GCV),
are capable of inhibiting the lytic phase of EBV replication
[25,26]. Acyclovir is phosphorylated by virus-specific thymidine
kinase to its monophosphate form, which inhibits viral DNA
synthesis by inhibiting viral DNA polymerase. Thus, the drug
stops the synthesis of viral DNA. Under experimental conditions,
it was shown that virus-specific thymidine kinase and DNA
polymerase are jointly responsible for the action of acyclovir in
virus-infected cells. That is, inhibition of EBV DNA polymerase
is the main mechanism of inhibition of replication in lytically
infected cells expressing viral polymerase [27]. Latent EBV
replication in proliferating B cells does not require viral DNA
polymerase, which is why antiviral therapy is usually ineffective
in this case. Other antiviral agents include penciclovir,
famciclovir, ganciclovir, valganciclovir, cidofovir, and foscarnet
[28]. The drugs inhibit viral replication by inhibiting viral DNA.
The mechanisms of GCV and/or ACV phosphorylation in
Epstein-Barr  virus  (EBV)-infected cells were studied
experimentally. The authors showed that EBV-encoded protein
kinase (EBV-PK) plays a role in susceptibility to ACV and GCV.
EBV-encoded thymidine kinase (EBV-TK) is less involved in this
mechanism. This mechanism explains the low efficiency of ACV
and GCV [29]. However, other authors have shown that
expression of EBV thymidine kinase in cells increases GCV
phosphorylation and sensitivity to the cytotoxic effects of GCV

and ACV, as well as to the destruction of the virus by penciclovir,
a drug similar to acyclovir [30]. In 2016, the results of an analysis
of the effectiveness of infectious mononucleosis therapy for the
period from 1981 to 2016 according to the WHO World Clinical
Trials Registry were published [31]. The authors of the analysis
showed that against the background of therapy with antiviral
drugs, the number of virus-infected cells practically does not
decrease, and the level of EBV DNA copies in the peripheral
blood decreases only during the therapy; after the end of therapy,
the number of DNA copies returns to the original level. Currently,
there is no unified approach to the treatment of chronic Epstein-
Barr virus infection in the world and none of these antiviral drugs
have been licensed for the treatment of EBV infections [32].

The development of resistance to antibacterial and antiviral drugs
is becoming a serious problem worldwide [33]. That is why the
Infectious Diseases Society of America has introduced an
initiative to develop new antimicrobial drugs. Antimicrobial
peptides (AMPs) are a group of oligopeptides with varying
numbers (from 5 to 100 or more) of amino acids that are essential
components of innate immunity and are candidates for the
creation of new anti-infective drugs. The term AMPs refers to
antibiotics, antivirals, and antimalarials [34,35]. The first
antimicrobial agent was isolated from a soil strain of bacilli in
1939 by Dubos RJ et al. [36]. The authors of the work showed
that the obtained extract, under experimental conditions in mice,
has a protective function against pneumococcal infection. In
1940, Hotchkiss R.D. and Dubos R.J. [37] divided this extract
into fractions and isolated an AMP, which was called gramicidin.
The first registered AMP of animal origin is defensin, which was
isolated from rabbit leukocytes in 1956 [38]. Currently, more than
5,000 AMPs have been discovered and synthesized [39]. Natural
AMPs can be isolated from prokaryotes (e.g., bacteria) and
eukaryotes (e.g., protozoa, fungi, plants, insects, and animals)
[40,41]. The antiviral action of AMPs consists of neutralizing the
virus by integrating either into the viral envelope or into the host
cell membrane. They can destroy both RNA and DNA-containing
enveloped viruses [42-44]. They can also integrate into the viral
envelopes, making the membranes unstable and preventing the
viruses from infecting host cells [45]. Additionally, they can
reduce the binding of viruses to host cells [46]. Antiviral AMPs
can inhibit the entry of viral particles into host cells, bind to
heparan sulfate receptors on the cell surface, penetrate the cell
membrane and localize in the cytoplasm and organelles. This
results in a change in the gene expression profile of host cells,
which helps the host immune system block the expression of viral
genes [47]. During intracellular interaction of AMP with the
virion capsid, decapsidation occurs. Therefore, the viral nucleic
acid cannot be released and transcribed [48]. AMP can induce the
following mechanisms:
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e expression of toll-like receptors that interact with viral
nucleic acid,;
e production of cytokines that stimulate the action of T-
cytotoxic cells and NK cells;
e expression of major histocompatibility complex molecules in
infected cells for the purpose of presentation of viral peptides
to other cells of the immune system [49];
e Activation of innate restriction factors encoded by the
infected cell [50].
Alloferon is a biologically active cationic peptide, originally
isolated from the hemolymph of the larvae of the dipterous fly
Calliphora vicina infected with firefly bacteria. The cationic
peptides alloferon 1 and 2, consisting of 12 and 13 amino acid
residues, were isolated. The identified amino acid sequences for
alloferon are H-His-Gly-Val-Ser-Gly-His-Gly-GIn-His-Gly-Val-
His-Gly-OH (alloferon 1) and H-Gly-Val-Ser-Gly-His-Gly-OH
(alloferon 11). Alloferon 2 corresponds to the N-terminally
truncated form of alloferon 1. A database search revealed very
few identifiers with known large functionally significant proteins
[51,52]. The name of the peptide "alloferon™ was chosen due to
the similarity of physiological function with interferon and origin
from different species of invertebrates (Allo) [53]. Alloferon does
not have cytotoxicity, immunogenicity, carcinogenicity,
embryotoxicity and does not have reproductive effects [54].
Alloferon is used in the treatment and prevention of various
infectious and tumor diseases. The antiviral activity of alloferon is
carried out through NK cells [51], enhances the cytotoxic activity
of NK cells [55], and it is also advisable to use it in combination
with other antiviral drugs. The introduction of alloferon
suppresses the expression of proinflammatory cytokines such as
TNF-a, IL-1p, IL-6 and 1L-18 [52,56]. However, we did not find
any data in the literature on the anti-inflammatory effect of
alloferon in patients with chronic EBV infection. The aim of this
study is to investigate the effect of alloferon on the production of
TNF-o in lymphocyte culture in patients with chronic Epstein-
Barr virus infection.

Materials and Methods
Patients

A total of 110 patients suffering from chronic Epstein-Barr virus
infection (chronic mononucleosis) were included in the
randomized study. The group consisted of 72 women and 38 men.
The average age of the patients was 38.45 + 1.08 years. (95% CI:
36.35 - 40.58). The duration of the course of EBV from the onset
of the first complaints in the patient to laboratory examination and
confirmation of EBV infection, diagnosis was 3.65 + 0.20 years
(95% CI: 3.24 - 4.04). It is known from the anamnesis that 72
patients (65.45%) in the general group under the age of 14
suffered from chronic recurrent tonsillitis, 54 patients (49.09%)

under the age of 16 suffered from acute infectious mononucleosis.
All patients complained of frequent colds. The diagnosis of
"chronic EBV infection" was made on the basis of the patient's
complaints, anamnesis and confirmed by laboratory tests during a
full examination by relevant specialists at the previous stage.

Participants in the study were selected according to the
inclusion criteria

age 25-50 years;

presence of clinical complaints caused by EBV

number of DNA copies

signed voluntary informed consent before the study
Exclusion criteria were

e presence of autoimmune diseases associated with EBV

infection;

o presence of other viral infections (cytomegalovirus
infection, viral hepatitis, human immunodeficiency
virus);

o presence of toxoplasmosis, borreliosis, staphylococcal
and streptococcal infection;
presence of helminthic invasions, parasitic infections;
presence of pregnancy in women;
presence of acute inflammatory diseases of any organs;
presence of mental illness;
regular alcohol consumption;

e taking any antiviral drugs in the last 6 months.
After the described examination, confirmation of the diagnosis

and detection of chronic EBV infection, the patients were referred
for treatment to an immunologist. The course of therapy with
alloferon and control studies were carried out in the Department
of Allergology-Immunology and Clinical Transfusiology of
Municipal Outpatient Hospital no. 112, Saint Petersburg, Russia
from December 2022 to December 2024. The clinical research
carried out in compliance with the WMA Declaration of Helsinki
- Ethical Principles for Medical Research Involving Human
Subjects, 2013) and the Protocol of Council of Europe
Convention on human rights and biomedicine 1999 and articles
20, 22, 23 of the Act “On the basics of healthcare for the Russian
Federation citizens” dated November 21, 2011 Fed. Statute
Ne323-FZ (May 26, 2021 edition). The clinical study was
conducted in accordance with a procedure approved by the local
ethical committee under LLC “Center of Dialysis of St.
Petersburg” FRESENIUS MEDICAL CARE. All patients were
treated with Allokin-alpha - 12 subcutaneous injections of 1.0 mg
every other day. Subcutaneous administration of the drug was
well tolerated, did not cause allergic reactions, did not have a
hepato-nephrotoxic or toxic effect on the hematopoietic organs.
To assess the effectiveness of the treatment, 4 weeks after the end
of the course of therapy, we analyzed the number of EBV DNA
copies in saliva samples, the level of serum production,
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spontaneous and induced tumor necrosis factor-o (TNF-a) in
lymphocyte culture, and the dynamics of clinical symptoms.
Clinical methods of patient examination included: 1). collection
of anamnesis; 2). data on the presence of concomitant diseases;
3). data on previously administered therapy. The clinical
condition of patients was assessed using a generally accepted
method, including objective data and patient complaints at the
time of examination. Registration of patient complaints was
carried out using a subjective assessment scale on a 3-point scale
(0 - no symptoms, 1 - mild symptoms, 2 - moderate symptoms, 3
- severe symptoms). Patients who received antiviral or
immunomodulatory therapy during the last 6 months were not
included in the study.

Methods

To confirm the viral etiology of the disease, all patients were
tested for the virus using PCR in saliva samples. According to
numerous studies, in chronic forms of Epstein-Barr virus
infection, the analysis of EBV DNA in a saliva sample is more
informative [55-58]. The patients were tested for the virus DNA
by PCR method (in saliva samples via polymerase chain reaction

(PCR) with hybridization-fluorescent detection in real-time
mode). The employed test-systems “AmpliSence
EBV/CMV/HHV6-screen-FL” from the Central Scientific

Institute of Epidemiology (Russia). Measurement units, used for
assessing the viral load during extraction of DNA from saliva —
number of copies of the EBV DNA per 1 ml of the sample
(NCDNA). According to the manual, this indicator is calculated
by a formula: NCDNA=CDNA x 100, where CDNA number of
copies of virus DNA in the sample. The test-system analytical
sensitivity is 400 copies/ml.

Production of tumor necrosis factor-alpha (TNF-e) in the
culture environment (spontaneous, induced production) and
in blood serum.

Whole heparinized blood diluted fivefold with RPMI-1640
nutrient environment with L-glutamine (Biolot, Russia) was
cultured in round-bottomed plates in the presence or without an
inducer of cytokine synthesis. Pyrogenal was used as a synthesis
inducer (Salmonella typhi lipopolysaccharide 100 pg/ml, N.F.
Gamaleya Research Center for Epidemiology and Microbiology,
Russia). Cultivation was carried out for 24 hours at 37°C in a
CO2 incubator. At the end of incubation, the supernatant was
transferred to Eppendorf tubes and frozen for further work.
Spontaneous production of cytokines was assessed in the
supernatant of blood cell culture without the addition of an
inducer, and induced production with the addition of pyrogenal.
Determination of the content of cytokines in the serum and in the
supernatant liquid of the blood cell culture was carried out by
enzyme-linked immunosorbent assay using reagent Kkits for

ELISA (Vector-Best JSC, International Certificate 1SO 13485)
according to the manufacturer’s instructions. The sensitivity of
the test kit for TNF-a did not exceed 1.0 pg/ml.

Statistical treatment of acquired data was conducted by means of
a software package IBM SPSS Statistics, 26 version (Armonk,
NY: IBM Corp.). Group results are presented in form of mean
arithmetic M £ Standard Error. For the statistical treatment we
employed parametric (Pearson’s method) and nonparametric
(Spearman’s method, tau (t) Kendall) methods. To verify
compliance with condition of independence of observations we
conducted linear regression analysis (with computation of
coefficient of determination (R Square) and criterion of Durban-
Watson) and dispersion analysis (ANOVA Analysis of Variance)
with computation of criterion of Fisher (F) for verification of
model significance. Standardized rate B with 95% confidence
intervals was calculated. Critical significance level of difference
of indicators was taken to be equal 0.05.

Result

Clinical complaints

Chronic Epstein-Barr viral infection is characterized by a long
course and frequent relapses of the clinical and laboratory picture
of the viral infection, which manifests itself with mononucleosis-
like symptoms [59-62]. Patients complain of prolonged subfebrile
temperature (37.1-37.3°), which appears only during the daytime,
severe weakness and fatigue, increased sweating (especially at
night), lymphadenitis (cervical and submandibular lymph nodes,
less often axillary and inguinal), a constant feeling of discomfort
and / or pain in the throat, frequent exacerbations of aphthous
stomatitis, gingivitis, a burning sensation of the mucous
membrane of the tongue, severe postnasal drip, development of
arthralgia of large and small joints, stiffness of small joints,
frequent colds. During the examination of patients by a
rheumatologist, no pathology was detected. Typical complaints
were headaches, memory impairment, decreased concentration,
sleep disorders, irritability, and tearfulness. Patients were
examined by a neurologist, consulted psychiatrists, and attended
psychotherapy sessions. As prescribed by psychiatrists, patients
received antidepressant therapy. Typically, the occurrence of the
described complaints was aggravated by long-term stressful
situations, psychoemotional and physical overload. We analyzed
the frequency of occurrence of the described complaints in the
general group of patients (Table 1).

TNF-a production in lymphocyte culture. In the general group of
patients, a study of tumor necrosis factor-alpha (TNF-a)
production (serum, spontaneous, induced) was conducted (Table
2). When analyzing the level of induced TNF-a in the culture
medium of patients with EBV infection, it was found that these
values differed sharply in patients, i.e. they were -either
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significantly lower or within the reference values or significantly  reference values provided by the manufacturer of the test
higher than the values of healthy donors (2810 — 5700 pg/ml,  systems) (Figure 1).

Table 1: Frequency of clinical complaints (%) in patients with EBV infection in the general group.

Complaints Frequency of clinical complaints % (n=110)
Subfebrile temperature 81.81
Lymphadenitis 50.00
Sore throat 80.00
Weakness 77.27
Physical fatigue 75.45
Chills 56.36
Sweating 81,81
Postnasal drip 50.00
Stomatitis 43.63
Arthralgia 36.36
Irritability and tearfulness 59.09
Headaches 36.36
Decreased concentration 47.27
Memory loss 45.45
Sleep disturbances 52.72
Daytime sleepiness 46.36
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Figure 1: Level of induced TNF-a production in the culture medium of patients with EBV infection in the general group.

General group
(n=110)

1st group
(n=40)

induced TNF-a is
normal

2nd group
(n=21)

induced TNF-a is
high

3rd group
(n=49)

induced TNF-a is low

Figure 2: Scheme of distribution of patients into groups for subsequent analysis.

Table 2: Production of TNF-a in the culture medium in the general group of patients with EBV infection (n=110).

Parameter

TNF-a level (pg/ml) Reference values (pg/ml)

Serum level

6,21 % 1,56 0-6
95% Cl: 3,31 — 9,42
(1,0 - 87,0)

Spontaneous level

46,50 + 17,61 7-30
95% Cl: 19,63 — 86,66
(1,0 - 1675,0)
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Figure 3: Number of EBV DNA copies in saliva sample from patients in the general EBV infection group before the start of therapy.

Therefore, all patients in the general group were divided into
three groups according to the initial level of induced TNF-a
(Figure 2).

1st group (n = 40) - the level of induced TNF-a is normal within
the range of - 2940.0 - 6276.0. M = m = 4197.47 + 173.14 (pg /
ml) (95% CI: 3848.07- 4546.87);

2nd group (n = 21) - the level of induced TNF-a is high within the
range of - 5719.0 - 10826.00. M + m = 7881.76 £ 507.39 (pg / ml)
(95% CI: 6993.55 - 8968.61);

3rd group (n = 49) the level of induced TNF-a is low within the
range of - 10.0 - 2407.00. Mtm= 1541.46 + 92.24 (pg/ml) (95%
Cl: 1347.00 — 1711.81).

The Table 3 presents the data of the comparative analysis of
these groups before the start of therapy. The data in the table
show that groups with different levels of induced TNF-a
production differed in the duration of the disease and the number
of EBV DNA copies in saliva samples.

Dynamics of induced TNF-a production 4 weeks after the end
of the alloferon therapy course

Next, an analysis of the effectiveness of alloferon therapy on the
level of TNF-a production in patients in groups 1, 2, 3 was
conducted (Table 4). The analysis of the results shows that
therapy with alloferon reliably leads to a decrease in the level of
production of serum, spontaneous and induced TNF-a 4 weeks
after the end of the therapy course. The maximum decrease in
induced TNF-a. 4 weeks after the end of the alloferon course was

in the 2nd group with an initially high level of induced TNF-a
production.

Dynamics of the number of EBV DNA copies 4 weeks after
the end of therapy

All patients (n=110) underwent a study of the number of EBV
DNA copies using PCR in saliva samples before the start of
therapy, which was 125120.48.£19112.09 copies/ml (95% CI:
87635.57 - 164902.45) (Figure 3). In each group of patients with
EBV infection, before the start of the course of therapy and 4
weeks after the end of therapy with alloferon, the dynamics of the
number of copies of EBV DNA were analyzed (Table 5 and
Figure 4). The presented data show that the decrease in the
number of EBV DNA copies was significant in all three groups.
However, when calculating the percentage of decrease, it turned
out that the maximum decrease in the number of EBV DNA
copies was obtained in the 3rd group of patients with an initially
low value of induced TNF-a production: 1st group - 98%; 2nd
group - 84% and 3rd group - 99%.

Dynamics of clinical complaints 4 weeks after the end of
therapy

The dynamics of clinical complaints 4 weeks after the end of
alloferon therapy was then analyzed. The results are presented in
(Table 6). The obtained data showed that the maximum positive
dynamics of clinical complaints were observed in patients in the
1st group.
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Figure 4:The number of EBV DNA copies in a saliva sample in patients of the 1st, 2nd and 3rd groups of EBV infection before and 4
weeks after therapy with alloferon.

Table 3: Comparative analysis of the 1st, 2nd and 3rd groups of patients with chronic EBV.

1st group 2nd group 3rd group
Parameter (n =40) (n=21) (n=49) P
1 2 3
37,87 £1,67 35,75+ 2,63 38,02+ 1,68 1,2 =0,06
Age 95%Cl:34,51- 41,12 95%CIl:30,85-40,99 95%Cl:34,67 - 41,65 1,3=0,08
2,3=0,05
_ _ 3,05+0.30 3,30+ 0,43 4,22 +0,32 1,2=0,05
Duration of disease 95%Cl:2,46- 3,66 95%Cl: 2,42 -4,14 95%Cl: 3,59~ 4,86 | 1,3=0,001
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2,3=0,003
183997,17 + 36673,32 247005,00 + 2856,43 139903,67 + 28123,31 1,2=0,001
Number of DNA 95% Cl: 114094,49 - 95%Cl: 150253,36 - 95%Cl: 89240,59 - 1320.002
copies 260426,12 357116,89 198996,92 R
2,3=0,001
Level of induced 7881,76 + 507,39 1541,46 £ 92,24 1,2=0.001
4197.47 £ 173.14 95% ClI: . i (95 % ClI: 1347,00 — _
TNF-a 3934,69-4814 54 95%Cl: 6993,55 - 8968,61 1711.81) 1,3=0,001
2,3=0,001
Table 4: Dynamics of induced TNF-a production in the 1st group 4 weeks after the course of therapy.
4 weeks after
p " Before Alloferon therapy Alloferon
arameter therapy p
1st group (n =40
7,95+ 4,17 3,00+0,43
Serum TNF-a . - 0,001
95% Cl: 2,45 - 17,74 95 % Cl:2,20
3,90
35,40+ 11,70 15,75+ 6,03
Spontaneous TNF-a 0 . _ 0,001
P 95 % CI: 15,50 -60,74 95% C1:6,75
29,14
3882,00 +
4197.47 £173.14 219,21
Induced TNF-a 95% CI: 0,03
(95% CI: 3934,69-4814,54) 3548,57—
4449,08
2nd group (n =21)
3,40 £ 0,52 2,70+ 0,52
Serum TNF-a 0 . _ 0,03
95 % Cl: 2,20 - 4,40 95%Cl: 1,60
3,70
6,80 + 1,68 5,00 £ 0,92
Spontaneous TNF-a % ClI- _ 0,021
P 95 % CI: 3,80 — 10,50 95 %Cl: 3,30
6.90
5645,00 +
Induced TNF ORI R0 348,01 0,001
-
95% CI: 5019,02 '
0 . - 1
95% Cl: 6993,55 - 8968,61 - 6406,94
3rd group (n =49)
2,80 £ 0,56 2,32+£0,35
Serum TNF-a 0 . _ | 0,001
95 % CI: 1,80 — 3,96 95%Cl: 1,64
3,04
6,96 + 1,24 4,20+ 0,55
Spontaneous TNF-a 0 . _ 0,001
P 95 % CI: 4,56 — 9.36 9% Cl: 3,08
5,28
1541,56 + 92,24 1441,46 + 92,24
Induced TNF-a 95 % CI: 0,05
95% Cl: 1347,00-1711,81 1237,00 -
1711,81
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Table 5: Dynamics of the number of copies in each study groupin patients with chronic EBV infection.

Number of EBV DNA copies in saliva samples (copies/ml)
4 weeks after Alloferon
Before Alloferon therapy therapy p
1st group (n =40)
115547,48 + 17196,40 2576,82 + 827,61
0,001
95% Cl: 83323,23 - 150973,95 95 % ClI: 1187,40 - 4367,31
2nd group (n =21)
232878,50 + 54987,0287822 33879,20 + 68859,58
0,0001
95%Cl: 134291,60 - 349336,27 95 % CI: 7913,15 - 68859,58
3rd group (n =49)
133132,36 + 30919,29 1783,91 + 948,69
0,0001
95%Cl: 78186,14 - 200709,38 95 % CI: 558,72 - 3993,87

Table 6: Frequency of clinical complaints (%) in patients with chronic Epstein-Barr virus infection before the start of alloferon therapy and 4 weeks
after its end in each group.

1st group (n =40) 2nd group (n =21) 3rd group (n =49)
Clinical complaints Before | After 4 weeks Before After 4 weeks Before After 4 weeks
therapy therapy therapy
1 2 3 4 5 6
Subfebrile 75.0 52,5 71,42 47,61 81,63 77,55
temperature, p pl-2 =0,001 p3-4 =0.001 p5-6 =0,064
Lymphadenitis, p 50.0 25,0 52,38 28,57 51,02 40,81
P1-2 =0.001 p3-4 =0,001 p5-6 =0,01
Sore throat, p 75,0 20,0 71,42 28,57 77,55 40,81
pl-2 =0,001 p3-4 =0,001 p5-6 =0,001
Weakness, p 75,0 50,0 71,42 52,38 77,55 53,06
pl-2 =0,001 p3-4 =0,001 p5-6 =0,001
Physical fatigue, p 65,0 55,0 61,90 42,85 61,22 59,18
pl1-2 =0,01 p3-4 =0,001 p5-6 =0,084
Chills, p 50.0 20,0 52,38 23,80 51,02 38,77
p1-2 =0,001 p3-4 =0.001 p5-6 =0,01
Sweating, p 75,0 20,0 76,19 42,85 77,55 61,22
pl-2 =0,001 p3-4 =0,001 p5-6 =0,001
Postnasal drip, p 50.0 30,0 42,85 33,33 59,18 40,81
pl-2 =0,01 p3-4 =0,01 p5-6 =0,001
Stomatitis, p 25,0 10,0 23,80 14,28 18,36 16,32
pl1-2 =0.001 p3-4 =0,01 p5-6 =0.08
Arthralgia, p 25,0 15,0 19,04 14,28 16,32 12,24
pl-2 =0,001 p3-4 =0,06 p5-6 =0,064
Irritability and 55,0 32,5 42,85 38,09 40,81 38,77
tearfulness, p pl1-2 =0,001 p3-4 =0.07 p5-6 =0,064
Headaches, p 25,0 10,0 23,80 10,04 24,48 20,40
pl1-2 =0.001 p3-4 =0,06 p5-6 =0,066
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Decreased 40,0 25,0 23,80 19,04 40,81 32,65

concentration, p pl-2 =0,01 p3-4 =0,08 p5-6 =0.052

Decreased memory, p 27,5 25,0 19,04 14,28 24,48 20,40
p1-2 =0,08 p3-4 =0,06 p5-6 =0,06

Sleep disturbance, p 40,0 32,5 47,61 42,85 40,81 38,77
p1-2 =0,05 p3-4 =0,08 p5-6 =0,07

Daytime sleepiness, p 25,0 20,0 19,04 14,28 18,36 16,32
pl-2 =0,054 p3-4 =0,06 p5-6 =0.08

Stomatitis
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Subfebrile temperature

Postnasal drip

Figure 5: Prevalence of clinical complaints in groups of patients with chronic Epstein-Barr virus infection before the start of Alloferon therapy.
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Figure 6: Prevalence of clinical complaints in groups of patients with chronic Epstein-Barr virus infection after Alloferon therapy.
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In the 2nd group of patients with an initially high level of TNF-a
production, partially positive dynamics of such clinical
complaints as subfebrile temperature, lymphadenitis, sore throat,
postnasal drip, stomatitis, weakness and fatigue, chills, sweating
were noted. The remaining complaints remained without
significant positive dynamics. The worst results in terms of the
dynamics of clinical complaints were obtained in the 3rd group of
patients. Manifestations of lymphadenitis, sore throat and
postnasal drip, weakness, sweating and chills decreased. All other
complaints did not change after the course of therapy with
alloferon. It should be noted that in the 3rd group of patients, a
low level of induced TNF-a production and an average content of
the number of EBV DNA copies were initially detected.
However, the initial clinical complaints in all three groups of
patients were the same (Figures 5-6).

Discussion

Alloferon, a linear non-glycosylated oligopeptide, has powerful
antiviral, anti-inflammatory and immunomodulatory properties,
and is involved in the regulation of cytokine production by
immune cells [63]. The antiviral mechanism of alloferon is due to
the following: 1) blocking and destruction of viruses and infected
cells by producing interferon at the site of infection without
causing induction of systemic interferon production; 2) enhancing
the cytotoxic activity of NK cells and B lymphocytes responsible
for the production of specific antibodies [51]. In 2013, the results
of a study of the anti-inflammatory effect of alloferon on skin
inflammation caused by ultraviolet radiation were published [64].
A decrease in the levels of proinflammatory cytokines IL-10/p,
IL-6 and IL-18 was shown in HaCaT cells after treatment. The
production of proinflammatory cytokines induced by ultraviolet B
radiation is known to be due to the activation of mitogen-
activated protein kinases (MAPKSs) [65]. And alloferon
suppresses the activation of p38MAPK and NF-xB induced by
ultraviolet B irradiation, preventing skin hyperplasia in HR-1
hairless mice [66]. Later, the results of an experimental study on
the model of acute paw edema in mice induced by A-carrageenan
to study the anti-inflammatory mechanism of alloferon were
published [52]. The authors of the work showed that the
introduction of alloferon slightly suppressed the expression of
TNF-a in the inflamed tissues of the paws of mice. It was
suggested that alloferon suppresses the inflammatory reaction
mediated by NK cells. However, the authors were unable to fully
explain the anti-inflammatory mechanism of alloferon, which
requires further research. In the work of Qiao et al., the anti-
inflammatory effect of alloferon was demonstrated in a mouse
model of osteoporosis caused by estrogen deficiency, in the form
of an effect on the production of proinflammatory cytokines (IL-
1B and IL-18) [56]. Alloferon suppressed inflammatory signals
such as the NLRP3 inflammasome, caspase-1 and

proinflammatory cytokines (IL-1B and IL-18). The anti-
inflammatory effect of alloferon was shown in the treatment of
endometrial inflammation caused by lipopolysaccharide (LPS),
alloferon inhibits the NLRP3/CASP1/IL-1p/IL-18 signaling
cascade [63].

Our work shows the inhibitory effect of alloferon on the
production of TNF-a in patients with chronic EBV infection. We
conducted a study of this group of patients, since we did not find
any data in the literature on the effect of alloferon on the
production of proinflammatory cytokines in patients with long-
term chronic mononucleosis associated with the Epstein-Barr
virus. After receiving the results, it turned out that the level of
induced TNF-a production in these patients differed before the
start of therapy. That is, the level of TNF-a production was either
normal, high or reduced. The severity and frequency of clinical
symptoms in these groups of patients did not differ significantly.
However, there were differences in the content of the number of
EBV DNA copies in saliva samples. That is, the minimum
number of copies was detected in patients of the 1st group with a
normal level of induced TNF-o, and the maximum number of
EBV DNA copies was detected in patients of the 2nd group with
a high content of TNF-a. Also, all three groups differed in the
duration of EBV infection, the maximum period of infection was
observed in patients of the 3@ group with a minimum level of
TNF-0 (4.22 + 0.32 years). Thus, initially, before the start of
therapy with alloferon, the 3rd group of patients differed in all
indicators. It was in the 3rd group that after 4 weeks of therapy
there was a minimal dynamics of clinical complaints. The most
pronounced effect of alloferon therapy on clinical complaints was
obtained in the 1st group of patients with a normal level of TNF-
o, a minimum content of the number of EBV DNA copies in
saliva samples (115547.48 + 17196.40) and an average duration
of EBV infection of patients (3.05+0.30 years). Thus, our study
demonstrated the anti-inflammatory effect of the drug on TNF-a
production, which depends on the initial parameters in patients
before therapy. Analysis of the obtained data showed that the
maximum decrease in induced TNF-a 4 weeks after the end of the
alloferon course was in the group with an initially high level of
induced TNF-a production (before 7323.30 + 674.57, after
5645.00 + 348.01; p=0.001).

The data we obtained confirm the previously published results of
the antiviral effect of alloferon on the example of another
pathology and in experimental works [56-66].We attempted to
explain our data based on the mechanism proposed in the work of
Kim, Y. et al. [64]. The authors of the work showed that the
proinflammatory cytokine TNF-o increases the phosphorylation
of IkB and activates NF-kB for the transcription of many
proinflammatory genes (Hayden and Ghosh). And alloferone
therapy inhibited TNF-a-induced degradation and
phosphorylation of 1kB in cells, which was shown in the example
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of colon cancer Colo205. In the work of Gosselin J., et al., the
mechanism of EBV influence on the production of TNF-a mRNA
in the supernatants of PBMC cultures infected with EBV at
different times from the moment of infection was described
[67,68]. The authors of the work showed that EBV is able to
inhibit the production of TNF-a, reduce its secretion and thus
evade the inhibitory effect of this cytokine. We performed a
correlation analysis between the content of the number of EBV
DNA copies and the level of induced TNF-a in the overall group
of patients and separately in each group. The obtained results of
the correlation analysis were statistically insignificant. To
determine the prognostic significance of the number of EBV
DNA copies and induced TNF-o, we performed a linear
regression analysis with the calculation of the coefficient of
determination (R Square) and the Durbin—-Watson criterion
(Durban—Watson) and variance analysis (Analysis of Variance,
ANOVA) with the calculation of the Fisher criterion (F) to test
the significance of the model. The acceptable values of the
criterion were from 1.020 to 1.268. All possible obtained values
of R2 were less than 50%, which indicates the absence of a
statistical relationship between the number of EBV DNA copies
and the level of induced TNF-o production, since the obtained
regression models have a low value. Also, no reliable significant
results of the F criterion and the R coefficient were obtained,
indicating the significance of the obtained regression model.
Thus, our data do not coincide with the previously published
results of other authors [69], who showed that TNF-alpha and
TNF-beta have antiviral activity and induce resistance to RNA
and DNA viral infection. It was suggested that TNF production is
induced by viruses under conditions of an antiviral immune
response. Under experimental conditions, when recombinant
TNF-a is added to a culture of EBV-infected cells, inhibition of
EBV replication, proliferation and differentiation (Ig secretion) of
EBV-infected B cells occurs [70]. In 2017, Onozawa E. et al.
demonstrated the expression of TNF-o mRNA in EBV-infected
cells and healthy cells in their study [71]. The authors, in an
experiment on the EBV-infected T cell line MOLT4 and
uninfected cells, showed that the expression of TNF-oo mRNA
was significantly higher in infected cells than in healthy cells. It
was concluded that TNF-a is produced by infected and uninfected
cells, and EBV induces TNF-o production in infected cells. The
data obtained by these authors are applicable to EBV-infected
peripheral blood cells, while in our patients the viral load was
assessed in saliva samples. This was due to the fact that at the
preliminary examination stage these patients had negative PCR
results in peripheral blood mononuclear cells. This can probably
be explained by the long course of chronic mononucleosis
syndrome, the same initial number of EBV DNA copies within
105. Perhaps this can explain the data obtained by our correlation
and regression analysis. In our previously published works, a

pronounced antiviral mechanism of alloferon on the number of
EBV DNA copies in patients with EBV infection was shown
[55,72].

As a result of the study, it was shown that alloferon has a
pronounced anti-inflammatory mechanism and inhibits the
production of proinflammatory TNF-o in patients with chronic
Epstein-Barr virus infection.
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The statistical code, dataset used in support of the findings of this
study are included within the article.
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