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ABSTRACT: The influence of antiviral therapy with ingaron on the dynamics of production of interferons a and y and
clinical effects in patients with chronic viral Epstein — Barr infection was studied. The study involved 51 patients (33 women
and 17 men aged 35,27 + 1,28 years) suffering from chronic infection caused by the Epstein - Barr virus. The duration of
the disease from the appearance of the first complaints to laboratory confirmation of the Epstein - Barr virus infection and
diagnosis was 2,23 + 0,21 years. Determined the serum, spontaneous and induced production of cytokines interferons a and
y in serum and in the culture of lymphocytes. Three months after the end of antiviral therapy, in patients with an initially low
level of induced interferon-y, the production of interferon-y increased. The absence of an increase in the production of induced
interferon-y in patients one and three months after the end of therapy with ingaron indicates the absence of the effect of
the drug on the level of endogenous interferon-y. It has been established that the initially low level of induced interferon-y can
be a marker of the positive effect of the therapy with ingaron. Correlation analysis revealed the effect of baseline interferon-y
induced on the clinical picture of the disease. Thus, initially a high level of induced interferon-y (2706 + 1058.94 pg/ml) in-
versely affects the development of sweating in patients (r = -0.506, p = 0,023; 1=-0.419, p = 0.021), and initially low level
of the induced IFN-y (287.2 + 64.65 pg/ml) — on development of weakness (r= -0.405, p = 0.045; 1=-0.419, p = 0.037).
In general, ingarone can be used in the therapy of patients with chronic Epstein virus — Bar infection at a dose of 500,000 |U
every other day, at least 10 injections.
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PesioMe. lM3yyeHo BAMAHWE NPOTUBOBUMPYCHOW TepanMWM MHrapoHOM Ha AMHAMWKY MPOAYKUMM WHTepdepoHOB
a M Y U KNHUYecKue 3QdeKTbl Y 60MbHBIX XPOHUYECKOW BUPYCHOMMHeKUMen 3nwTeiHa — bapp. 06cneaosaH 51 nauyeHt
(33 *KeHwWwuHb 1 17 MyRumMH B Bo3pacTe 35,27 + 1,28 neT), CTpadaloLLMX XPOHMYECKOW MHDEKLMEN, BbI3BaHHOW BMPYCOM
JnwreitHa - bapp. JnautencHocTb 3aboneBaHns OT NOABNEHUA MePBbIX *anob [0 nabopaTopHOro NoATBEpPHAEHUS BU-
pycHon uHbeKumen InwTenHa — bapp M noctaHoBKM AmarHosa coctasuna 2,23 + 0,21 roga. Onpefenanu cbIBOPOTOYHYIO,
CMOHTaHHYI0 U MHAYLMPOBAHHYI0 NPOAYKLMIO LUTOKMHOB MHTEPGEPOHOB O M Y B CLIBOPOTKE M B KyNbType NMMQOLUTOB.
Yepes Tpu MecALa Nocne OKOHYaHUA NPOTMBOBMPYCHON Tepanuu Yy 60MbHBIX C MCXOAHO HU3KUM YPOBHEM MHAYLIMPOBaH-
HOro uHTepepoHa-y Npodykuma uHTeppepoHa-y ysenmumnacb. OTCyTCTBME YBENWMYEHUA NPOAYKLMM UHAYLIMPOBAHHOMO
uHTepdepoHa-y y 6oMbHBIX Yepe3 OAMH UM TPM MecALa Nocsie OKOHYaHWA Tepanuy MHrapoHOM CBUAETeNbCTBYET 06 oT-
CYTCTBUM BIUAHWA NpenapaTa Ha YpoBeHb 3HAO0MEHHOM0 MHTephepoHa-y. YcTaHOBNEHO, YTO UCXOAHO HU3KMW YPOBEHb WH-
DYUMPOBaHHOr0 MHTEPdEpPOHa-Y MOMET ObiTb MapKepoM MoMoxMTENbHOrO 3ddeKTa NPOBOAWUMONM Tepanuu MHFAPOHOM.
KoppenAumMoHHbIA aHanu3 no3BoNnA BbIABUTL BAIMAHWE UCXOLHOMO YPOBHA UHAYLMPOBAHHOMO UHTEP(GEPOHA-Y HA KNWUHU-
YecKylo KapTuHy 3aboneBaHuA. Tak, UCXOAHO BbICOKMI YPOBEHb MHAYLIMPOBaHHOMO MHTepepoHa-y (2706 + 1058,94 nr/mn)
obpaTHO BAMAET Ha pa3BuTUe Y bonbHbix notameoctn (r = -0,506, p=0,023; 1= -0,419, p=0,021), a ucxooHo HK3-
KWW ypoBEHb MHAYLIMPOBaHHOTO UHTepdepoHa-y (287,2 + 64,65 nr/mn) — Ha passutue cnaboctu (r= -0,405, p = 0,045;
1= -0,419, p = 0,037). B uenom uHrapoH MoxeT bbITb UCMOMb30BaH B Tepanuu 60bHBIX XPOHUYECKOW BUPYCHOM UHGbEK-
umen 3nwreiiHa — bapp B no3e 500 000 ME yepes aeHb, He MeHee 10 MHBEKUMA.
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Interferons (IFN) are essential biological regulatory
proteins (cytokines) and are mediators of cellular
homeostatic reactions. They are produced in response to
a viral infection and inhibit the replication of a wide range of
deoxyribonucleic (DNA) and ribonucleic (RNA) acid viruses,
which are implemented through viral polypeptide synthesis
[1]. With the administration of IFN in vivo, the level of
viremia decreases, i.e., they can be used as antiviral drugs.
The antiviral effect is mediated both by the immune system
and by intracellular antiviral mechanisms. According to
the amino acid sequence, IFNs are divided into three classes,
called types |, Il, and Il IFNs [2].

Type Il IFN, or immune IFN-y, is a highly pleiotropic
cytokine secreted not in response to viral infection but
indirectly by mitogen-activated T cells and natural killer
(NK) cells, which are the primary producers of IFN-y during
the innate and adaptive phases of the immune response
to viral infection. IFN-y is significant in the activation
of macrophages for the production of tumor necrosis
factor-a (TNF-a), increases macrophage phagocytosis and
microbicidal activity, the formation of active nitrogen and
oxygen intermediates, including superoxide radicals, nitric
oxide, and hydrogen peroxide, as well as stimulates Th1-T
cell response and has robust inflammatory activity. IFN-y
increases the count of lymphocytes and leads to their long-
term persistence in the tissue, induces the activation of
the cascade of complement components and an acute phase
response, plays a role in the changeover of the production
of the immunoglobulin (Ig) G class, and has a direct antiviral
effect [3]. Usually, in the early stages of the host immune
response, the production of IFN-y by NK cells, CD4* T cells
(Th1), and CD8* T cells is aimed at improving antigen
recognition in antigen-presenting cells. IFN-y is one of
the critical cytokines differentiating native CD4 cells into
effector Th1 T cells that produce the primary mediators of
cellular immunity against viral and intracellular bacterial
infections [4]. IFN-y and interleukin (IL) 12 generate a robust
Th1 response, which affects the differentiation of naive
T cells into Th1 or Th2 cells. When activated, almost all CD8*
T cells, NK cells, and Th1 lymphocytes produce IFN-y, which
stimulates cytokine activity and increases the expansion of
NK cells. IFN-y increases antigen presentation of the major
histocompatibility complex (HLA) class | and Il by increasing
the expression and activity of proteasomes, resulting in
increased host sensitivity to the pathogen and ability to
identify and respond to this pathogen [5]. Thus, IFN-y has
many important immunostimulatory and immunomodulatory
effects.

When infected with a virus, IFN-y can induce apoptosis
by regulating Fas ligand to remove virus-infected cells,
enhances the expression of type | IFN, proinflammatory
cytokines and chemokines by endothelial and epithelial
cells, and fibroblasts to attract macrophages, neutrophils,
and T cells to the sites of infection [6]. IFN-y can also initiate
the expression of dsRNA-specific adenosine deaminase
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(ADAR), which inhibits viral replication by editing or disrupting
the translation of viral proteins [7]. IFN-y is a potent antiviral
cytokine that interferes with various stages of the virus life
cycle in stimulated cells using the following mechanisms.
It inhibits viral entry at both the extracellular and intracellular
stages; blocks replication by disrupting the replication niche;
disrupts gene expression by interfering with translation and
assembly of the nucleocapsid; impairs the virus isolation by
breaking the disulfide bond of the necessary participant in
the cellular interaction; alters reactivation by suppressing
the primary regulator of viral transcription. IFN-y can also
inhibit viral entry at the stage of transfer of the invading virus
from the endosome to the cytoplasm [8].

In recent years, numerous works have been published
worldwide on treating herpesvirus infections with
recombinant IFN-y, which show high clinical and antiviral
efficacy [9-14]. It has been revealed that IFN-y has a
7-10 times more potent antiviral effect than IFN-a or -B.
Epstein-Barr virus (EBV)-induced B cell proliferation and
immunoglobulin secretion are reduced when IFN-y is
administered 3-4 days after infection. At the same time,
the addition of IFN-a and IFN-B only has an effect for
24 hours. The authors of the work suggested that, at an
early stage, EBV-infected cells can be regulated by all IFNs.
There is an intermediate period when only IFN-y can directly
influence the EBV-induced reactions of B cells. In phase 3,
B-lymphocytes become insensitive to the direct action of all
IFNs and are affected only by cytotoxic cells [15]. In 2002,
high efficiency of inhibition of replication of herpes simplex
virus type 1 (HSV-1) by administration of recombinant IFN-y
was revealed, resulting from a synergistic interaction with
endogenous IFN-a/B, which is locally produced in response
to HSV-1 infection [16]. A double-blind, placebo-controlled
study showed that subcutaneous administration of
recombinant IFN-y 3 times a week reduces the incidence of
severe infections in patients suffering from various genetic
types of chronic granulomatous disease [17].

In the Russian Federation, the only IFN-y agent under
the trade name Ingaron was registered, developed by
the company NPP PHARMAKLON by the microbiological
synthesis in a recombinant E. Coli strain purified by column
chromatography. The agent consists of 144 amino acid
residues, devoid of the first three, Cys-Tyr-Cys, replaced by
Met.

Previously, we [18] published the results of studying
the efficiency of Ingaron therapy one month after the end of
therapy on the dynamics of INF-a and -y levels (spontaneous,
serum, and induced) in patients with chronic EBV infection
(CEBVI).

The study aimed to analyze the effect of Ingaron 1
and 3 months after the end of therapy on the dynamics of
INF-a and -y production (spontaneous, serum, and induced
levels) and the clinical presentation in CEBVI patients with
the development of chronic fatigue syndrome 1 and 3 months
after the end of therapy.
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MATERIALS AND METHODS

The study included 33 female and 17 male CEBVI patients
aged 35.27 + 1.28 years. The duration of CEBVI from the first
complaints to laboratory confirmation of EBV infection and
diagnosis establishment was 2.23 + 0.21 years. In 38 (74.5%)
patients had chronic tonsillitis often aggravated in childhood
and not amenable to antibiotic therapy, and 13 (25.49%)
patients had a history of infectious mononucleosis. All
patients underwent differential diagnostics of CEBVI with
other viral infections (human immunodeficiency virus, viral
hepatitis, cytomegalovirus infection, and toxoplasmosis),
helminthic invasions, and autoimmune diseases associated
with EBV infection. The patients were diagnosed with chronic
fatigue syndrome (CFS) based on the clinical and laboratory
study, according to the diagnostic criteria published by
the Centers for Disease Control (CDC, United States of
America) in 1988, 1991, 1992, and 1994. This disease was
first reported by American doctors P. Cheney and D. Peterson
in 1984, and in 1988, CFS was identified as an independent
disease [19]. In 1994, the CDC revised the reported cases of
CFS and developed diagnostic criteria for this disease [20].
In 2000, the American College of Rheumatology developed
and approved an extended and updated version of
the uniform diagnostic criteria for CFS [21]. CFS represents
a complex chronic disease characterized by intense,
unmotivated general asthenia (physical and mental) that
interferes with daily activities, is not eliminated after rest,
worsens with physical exertion, and is associated with
somatic, neurological, mental, and unspecified general
disorders [22]. CEBVI associated with CFS is characterized
by a prolonged course and frequent relapses with clinical
and laboratory signs of viral activity, which are described in
detail in the literature [23, 24].

Patients suffer from prolonged low-grade fever
(37.1-37.3 °C), asthenia, unmotivated fatigue, excessive
hyperhidrosis (especially at night), a constant feeling
of discomfort and/or pain in the throat, lymphadenitis,
swelling of the nasal mucosa with a profuse drip of
mucus, and stomatitis. Some patients develop a cough,
skin rashes, arthralgia, and pain in the muscles of
the trunk and extremities are possible. There may be
manifestations of conjunctivitis and otitis. Neurological
disorders often develop, including headaches, memory
and sleep disturbances, decreased concentration,
irritability, tearfulness, and a tendency to depression.
An increase in internal organs (hepato- or splenomegaly,
according to ultrasound) and intensifying feelings of
heaviness in the right hypochondrium are possible. Also,
patients complain of frequent cold-related diseases and
the addition of other herpes virus infections. In the clinical
blood analysis, relative and absolute lymphocytosis,
monocytosis, and neutropenia are noted; less often, there
may be lymphopenia and leukopenia. In anamnesis, such
patients often have long-term stressful situations and
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psychoemotional and physical overload against which
the patient’s condition deteriorates.

Clinical research methods included the collection of
anamnesis, data on previous immuno- or antiviral therapy,
and the presence of concomitant diseases. The clinical
condition of patients was assessed according to the generally
accepted method, including objective data and registration of
patient complaints at the time of examination. The severity
of the patient’s complaints was recorded using a subjective
assessment scale on a 3-point scale (0 — no symptoms,
1 — mild symptoms, 2 — moderate symptoms, 3 — severe
symptoms).

Diagnostics of CEBVI were based on clinical data and
positive results of EBV DNA studies in saliva samples by
polymerase chain reaction (PCR) with real-time hybridization-
fluorescence detection. Test systems AmpliSense EBV/
CMV/HHVé6-screen-FL of the Central Research Institute of
Epidemiology (Russia) were used. The units of measurement
used to assess the viral load during DNA extraction from
saliva were the number of copies of EBV DNA per 1 ml of
sample (NCDNA). According to the instructions, this indicator
is calculated by the equation NCDNA = DNAC x 100, where
DNAC is the number of copies of virus DNA in the sample.
The analytical sensitivity of the test system is 400 copies/ml.

EBV is known to be spread by contact with saliva and
penetrates through the epithelium that lines the nasopharynx.
The lymphoid system surrounding the nasopharyngeal region
includes the adenoids and tonsils and is called the Waldeyer's
ring. The level of infected B cells in the population varies
from 5 to 3000 for every 107 memory B cells in both
the peripheral blood (average 110/107) and the Waldeyer's
ring (average 175/107), i.e., the virus is uniformly distributed
throughout the ring [25]. Thus, the level of infected cells is
similar between the peripheral blood and the Waldeyer's
ring, and only 1% of these cells are detected in the peripheral
blood. The virus constantly leaks into the oral cavity, where
it mixes with saliva for about 2 minutes before each act of
swallowing. Thus, the oral cavity is a reservoir of EBV flow.

The dynamics of IFN-a and -y production were studied
before the Ingaron therapy and 1 and 3 months after the end
of the course. The levels of IFN-a and -y in blood serum were
determined, as well as spontaneous and induced production
of these cytokines in a culture of blood lymphocytes.
Newcastle disease virus (obtained at the L.A. Tarasevich State
Research Institute for Standardization and Control of Medical
Biological Preparations, St. Petersburg) with an infectious
titer of 8 lg EID/0.2 ml in a volume of 8 pl per well was
used as an inducer of IFN-a production. Phytohemagglutinin
(PHA-P) from PanEco (Russia) at a dose of 10 pg/ml was
used as an inducer of IFN-y production. The quantitative
content of cytokines was determined in the serum and
supernatant of a 24-hour whole blood culture by enzyme-
linked immunosorbent assay using the test systems alpha-
Interferon-ELISA-BEST and gamma-Interferon-ELISA-BEST
manufactured by Vector Best (Russia). The test system
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manufacturer provides reference values for spontaneous,
serum, and induced IFN-a and IFN-y production.

Statistical analysis of the results obtained was performed
using the software package IBM SPSS Statistics, version 26.
Group results are presented as mean + standard error of
the mean (M + Standard Error). Parametric (Pearson’s
method) and nonparametric (tau (1) Kendall) criteria were
used. The critical significance level of the difference in
indicators was equal to 0.05.

RESULTS AND DISCUSSION

EBV infection was confirmed in all patients by PCR
reaction in saliva samples. The average concentration of
EBV DNA was 177369.51 + 65615.21 copies/ml. Ingaron
was administered at a dose of 500,000 IU intramuscularly
once a day every other day for 20 days (10 injections total).
Before Ingaron therapy, 1 and 3 months after the end of
therapy, the content of INF-a and -y (spontaneous, serum,
and induced) in the culture of lymphocytes was determined
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(Tables 1 and 2), and the data obtained are presented.

One month after the end of Ingaron therapy, there is
a tendency toward an increase in spontaneous production of
IFN-a (statistically insignificant); after 3 months, the values
return to the initial figures. The level of serum production
of IFN-a did not change after 1 and 3 months, remaining
within the normal range. There was a tendency to increase
the induced production of IFN-a 1 month after the end of
therapy, followed by the level normalization after 3 months.
Thus, Ingaron does not significantly affect the production of
IFN-a in the general group of patients after 1 and 3 months
of therapy.

It was revealed that in the general group of patients after
Ingaron therapy, after 1 month, the serum (p = 0.024) IFN-y
production increased. After 3 months, the serum level almost
returned to its baseline value. The level of spontaneous
production 1 and 3 months after the end of therapy did not
change significantly. Induced IFN-y production also tended
to increase 1 and 3 months after the end of therapy without
significant changes (p = 0.38 and p = 0.27, respectively).

Table 1. Dynamics of IFN-a production before the onset, one and three months after ingaron therapy in the general group of chronic

Epstein - Barr virus infection patients, pg/ml

Tabnuua 1. [IMHamuKa npogyKumm uHtepdepoHa-anbga (IFN-a) o Havana, yepes 1 1 3 MecAua nocre Tepanum MHFAapoHOM B 06LLel
rpynne 60MbHbIX XPOHUYECKOM UHbeKLMeNn Bupyca InwTeinHa — bapp, nr/mn

Parameter Before therapy

1 month after therapy

3 months after therapy p

Spontaneous IFN-a 3.76 £ 0.58

5.80 £ 4.02

1.2=0.345
2.3=0.435
1.3=10.359

3.85£19.24

Serum IFN-a 5.09 + 1.47

421+£07

1.2=10.289
2.3=0.202
1.3=0.38

557+12

Induced IFN-a 296.78 + 127.43

578.154 + 129.46

1.2=0.284
2.3=10.360
1.3=10.145

294.78 £ 60.67

Table 2. Dynamics of IFN-y production before the onset, one and three months after ingaron therapy in the general group of chronic

Epstein - Barr virus infection patients, pg/ml

Tabnuua 2. [lnHamMmka npoaykuumumunTeppepoHa-y (IFN-y) [o Hauana, Yepes oMH U TpU MecALia Noc/e Tepanuu UHrapoHoM B 06Lueit
rpynne 60MbHbLIX XPOHWYECKOM UHbEeKLUMeN BUpyca InwTeiHa — bapp, nr/mn

Parameter Before therapy

1 month after therapy

3 months after therapy p

Spontaneous IFN-y 2.07 £ 0.26

2.57+0.75

1.2=0.34
1.3=0.36
2.3=057

2.00 + .57

Serum IFN-y 1.85+0.14

5.57 £1.20

1.2=0.024
1.3=0.21
2.3=0.38

2.10 + 0.68

Induced IFN-y 1862.72 + 624.52

2487.96 + 437.73

1.2=0.38
1.3=0.38
2.3=0.27

4308.12 + 3053.77
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However, the analysis of the initial data on the levels of
induced IFN-y showed that these values differed sharply in
all patients, i.e., they were at the level of the lower limit of
the reference values or closer to the upper limit of the values
(281-4335 pg/ml). In this regard, the general group of patients
was distributed into two groups by the induced production
of IFN-y before the start of therapy (group 1 (n = 30) with
the level of induced IFN-y of 2706 + 1058.94 pg/ml and
group 2 (n = 21) with that of 287.2 + 64.65 pg/ml).

It was established that after a course of therapy with
Ingaron in group 1, the level of induced IFN-y tended to
decrease gradually. In contrast, in group 2, there was
a significant increase in the level of induced IFN-y 3 months
after therapy (p = 0.027). At the same time, the IFN-y levels
in both groups remained within the reference values (Fig. 1).

The values of the spontaneous level of IFN-y in both
groups increased significantly after 1 month, remaining
at these values in group 1 and tending to decrease after

pg/ml

baseline after 1 month after 3 months

1 group; ™ 2 group
Fig. 1. Dynamics of the level of induced IFN-y before, one and
three months after ingaron therapy in patients of the 1%t and 2"
groups of chronic Epstein - Barr virus infection
Puc. 1. [luHamuka yposHA uHayumposaHHoro IFN-y go Havana,
yepes OAMH W TpW MecALa Nocie Tepanuy UHrapoHOM Y 60/bHBIX
XPOHWHYECKOM MHPEKLMeN BUpYca nwiTeiiHa — bapp 1-# u 2-i rpynn

pg/ml

baseline after 1 month after 3 months

1 group; M 2 group

Fig. 2. Dynamics of the level of spontaneous IFN-y before, one
and three months after ingaron therapy in patients in groups 1 and
2 of chronic Epstein - Barr virus infection

Puc. 2. [InHamuka ypoBHA cnoHTaHHoro IFN-y no Havana, yepes oamnH
¥ TPM MecALa Mocsie Tepanum UHrapoHoM Y B0MbHBIX XPOHUYECKON
UHdeKumen Bupyca InwreiHa — bapp B 1-1 1 2-1 rpynnax
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3 months in group 2. However, these values in both groups
did not differ from the reference values (0-6 pg/ml, Fig. 2).

It was revealed that in both groups, the increase in serum
IFN-y production was significant 1 month after the end of
therapy (p = 0.03 and p = 0.02, respectively). In contrast,
after 3 months, there was a tendency to an insignificant
decrease in serum IFN-y, while the data obtained did not
differ from the initial data before the start of therapy and
from the reference values provided by the test system
manufacturer (0-10 pg/ml, Fig. 3).

It was established that in patients of group 1, after 1 and
3 months of therapy with Ingaron, there was a significant
decrease in subfebrile temperature, sore throat, algor,
hyperhidrosis, and a decrease in mental alertness.
The remaining complaints tended to decrease or remained
unchanged (Table 3).

In group 2 patients, 1 and 3 months after Ingaron therapy,
there was significant improvement of the leading clinical
complaints, in particular, a decrease in lymphadenitis, sore
throat, algor, hyperhidrosis, mucus drip along the posterior
pharynx, stomatitis, joint pain, decreased alertness, and
sleep disturbances (Table 4).

Consequently, group 2 patients with a reduced level
of induced IFN-y before Ingaron therapy had a more
pronounced response to therapy. Group 1 patients with
initially high induced IFN-y production had more pronounced
clinical manifestations.

Correlation analysis of the effect of the baseline level of
induced IFN-y on the clinical presentation of the disease in
patients of both groups revealed that a high level of induced
IFN-y in group 1 affects the development of hyperhidrosis
inversely in patients (r = -0.506, p = 0.023; 1t = -0.419,
p=0.021). In group 2, the initially low level of induced IFN-y
affects the development of asthenia (r = -0.405, p = 0.045;
1 = -0.419, p = 0.037) inversely. No other significant
correlations were identified.

pg/ml

baseline after 1 month after 3 months

1 group; M 2 group

Fig. 3. Dynamics of serum IFN-y level before, one and three
months after ingaron therapy in patients in groups 1 and 2 of
chronic Epstein - Barr virus infection

Puc. 3. [luHamuka yposHA cbiBopoTouHoro IFN-y mo Havana,
yepes 0fIMH U TPM MecALLa Nocie Tepanum UHrapoHoM Y H0MbHbIX
XPOHUYECKON MHpeKLmer Bupyca 3nwTeiHa — bapp B 1-11 u 2-#
rpynnax
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Ta6auua 3. Yactota 0CHOBHBIX KTMHUYECKUX Hanob y 1-i rpynmbl 60/bHBIX XPOHUYECKON MHPeKLMel Bypyca nwTerHa — bapp o Ha-
Yana Tepanuu UHrapoHoM u Yepes 1 1 3 Mecsua nocne ee oKoHYaHus, % (n = 30)

Table 3. The frequency of the main clinical complaints in patients of the 1st group of chronic Epstein - Barr virus infection before the
start of therapy with ingaron and one and three months after its completion, % (n = 30)

Before therapy

Frequency of complaints (n=21)

1 month after therapy

3 months after therapy p

Subfebrile temperature 83.33

1.2=0.004
1.3=0.004
2.3=0.000

30.76 30.76

Lymphadenitis 53.33

1.2=0.082
1.3=10.047
2.3=0.05

43.33 26.66

Sore throat 93.33

.2=0.001
.3=0.001
.3=0.058

43.33 36.66

Asthenia 76.66

.2=0.054
.3=0.001
.3=0.064

66.66 53.33

Algor 70.00

.2=0.001
.3=0.001
.3=0.064

13.33 20.00

Hyperhidrosis 93.33

.2=0.001
.3=0.001
.3=0.056

53.33

1
1
2
1
1
2
1
1
2
1
46.66 1
2

Mucus dripping 33.33

1.2=0.05
16.66 1.3=0.054
2.3=0.74

13.33

Stomatitis 36.66

1.2=0.052
20.00 1.3=0.068
2.3=0.07

16.66

Joint pain 26.66

.2=0.058
.3=0.104
.3=0.074

20.00 23.33

Irritability and tearfulness 70.00

.2=0.058
.3=0.052
.3=0.076

56.66 53.33

Eruption on the skin 56.66

.2=0.058
.3=0.052
.3=0.072

53.33 46.66

Headaches, dizziness 36.66

.2=0.068
.3=0.052
2.3=0.07

_.—_mNNEmEm NN EmEeme N =, -

20.00 16.66

Decreased alertness, defective
memory

56.66

1.2=0.052
1.3=0.05
2.3=10.056

40.00 36.66

Sleep disorder 46.66

1.2=0.058
1.3=10.07
2.3=0.072

40.00 36.66

Primary viral infections induce antiviral immune
responses from the host; however, these responses may
not be sufficient to eliminate the virus since the virus
persistence leads to suppression of antiviral immune
responses. One of the mechanisms for suppressing
the antiviral response is cytotoxic lymphocytes, including NK
cells and CD8" T cells, which express membrane molecules.
At the same time, expression is induced in infected or
transformed cells. The sensor for such kill-me signals is

DOl https://doi.org/1017816/brmma71302

the natural killer group type 2 lectin-like transmembrane
receptor, member D (NKG2D), expressed on NK, CD8*
T cells, and yd T cells. The expression of the NKG2D ligand
is regulated at the transcriptional, posttranscriptional, and
posttranslational levels [26, 27]. Interaction of NKG2D with
NK cells induces degranulation, cytotoxic reaction, and
production of cytokines by NK cells and some T cells [26]. In
the case of viral infection, the expression of NKG2D ligands
(NKG2D-Ls) decreases, which is mediated by viruses, which
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allows the virus to avoid the antiviral immune response
from the host [28]. It has been revealed that the early EBV
protein BZLF1 can block IFN-y production by inhibiting
the downstream IFN-y signaling pathway. BZLF1 abolishes
the transcription of all expressed HLA class Il molecules,
inhibits IFN-y-induced STAT1 tyrosine phosphorylation and
BZLF1 nuclear translocation, and reduces IFN-y receptor
expression, stimulating a mechanism by which EBV can avoid
an antiviral immune response during primary infection [29].
Cytokine signaling is a very early response to viral infection
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and may explain the presence of appropriate inhibitory viral
factors in the tegument.

Thus, the dysregulation of proinflammatory cytokine
production is based on the fact that virions already
contain molecules that directly target proper cytokine
signaling [30]. INF-y, having direct antiviral activity, is an
effective therapeutic agent in treating viral infection [31].
After therapy with recombinant IFN-y in a patient with
infectious mononucleosis and X-linked lymphoproliferative
syndrome, there was a positive trend in the reduction of

Table 4. The frequency of clinical complaints in patients of the 2nd group of chronic Epstein - Barr virus infection before the start of
therapy with ingaron and one and three months after its completion, % (n = 21)

Tabnuua 4. YactoTa KAMHMYECKMX Hanob y 2-# rpynnbl 60/bHBIX XpPOHMYeCKoM MHPEKLMen BUpyca InwTerHa — bapp 4o Havana
Tepanuu uHrapoHoM u Yepe3 1 1 3 MecsLa nocne ee oKoHYaHuA, % (n = 21)

Before therapy

Frequency of complaints (n=21)

1 month after the end of
therapy

3 months after the end of

therapy P

Subfebrile temperature 57.14

.2=0.073

33.33 28.57 .3=0.058

Lymphadenitis 66.66

1

1
2.3=0.072
1.2=10.002
1.3=10.05
.3=0.078

14.28 19.04

Sore throat 33.33

.3=0.002
.3=0.002
.3=0.064

23.80 19.04

Asthenia 61.90

.2=0.073
.3=0.078
.3=10.102

52.38 57.14

Algor 47.67

28.57 23.80 .3=10.001

.3=0.104

Hyperhidrosis 61.90

.2=0.029
.3=0.001
.3=0.072

52.38 47.67

Mucus dripping 21.05

.2=0.029
.3=0.029
.3=0.104

10.52

2
1
1
2
1
1
2
1.2=10.001
1
2
1
1
2
1
10.52 1
2

Stomatitis 15.78

1.2 =0.004
1.3 =0.001
2.3=0.106

10.52 9.52

Joint pain 15.78

.2=0.004
.3=0.001
.3=0.106

10.52 9.52

Irritability and tearfulness 42.11

.2=0.054
.3=0.058
.3=10.074

21.05 26.31

Eruption on the skin 4211

.2=0.056
.3=10.05
.3=0.108

26.31 23.80

Headaches, dizziness 26.31

.2=0.074
.3=0.074
.3=0.078

23.80 21.05

Decreased alertness,

defective memory 33.33

.2=0.002
.3=0.068
.3=10.072

23.80 26.31

Sleep disorder 15.78

.2=0.078
.3=10.004
.3=0.046

14.28

1
1
2
1
1
2
1
1
2
1
1
2
1
1
2
1
10.52 1
2
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virus-infected cells and a linear increase in the level of
IFN-y in blood serum. NK cell activity remained within
the normal range throughout therapy. The authors suggested
that cytotoxic cells can produce endogenous IFN-y [32].
A. Linde et al. [33] revealed an increase in the serum
level of IFN-y 24 and 48 hours after EBV infection. Then,
the level of IFN-y returned to its baseline values. M. Hornef
et al. [34] demonstrated that in patients with acute infectious
mononucleosis, an increase in the level of serum IFN-y
was registered only during week 1 from the moment of
infection, after which the IFN-y level returned to normal.
Exciting data were obtained when studying the dynamics
of IFN-y production in patients with tuberculosis, who had
a decrease in the average level of IFN-y over time. However,
this decrease occurred during the first 8 weeks of a specific
therapy. When the initially susceptible 55 patients were
compared with the drug-resistant 18 patients, no difference
was noted in the IFN-y levels over time. Since the production
of IFN-y and secretion from T cells increases in response
to an increase in antigenic load and then stabilizes over
24 weeks, a decrease in the concentration of IFN-y may
indicate a positive response to ongoing therapy and function
as monitoring of response to therapy [35].

Analysis of our results separately in each group of
patients showed that in the group with an initially low level,
the administration of Ingaron led to a significant increase in
the level of induced INF-y 3 months after the end of therapy.
This increase is probably due to a more pronounced response
to Ingaron therapy, manifested by a significant improvement
in the primary clinical complaints. Thus, the dynamics of
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