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ABSTRACT

Aim. To compare the clinical efficacy and influence on interferon (IFN) production / sensing of drugs with immune-
mediated antiviral effects, which potentiate type 1 (T1) immune responses, in the treatment of acute respiratory
infections (ARI) in patients with allergic rhinitis.

Materials and methods. 146 ARI patients with remission of seasonal allergic rhinitis were divided into 4 cohorts.
In addition to symptomatic therapy, patients received either 2,000 IU of IFNy in each nasal passage 5 times a day;
or rectal suppositories containing 10° TU of IFN-02b and antioxidants (AO) twice a day; or gel with [FN-a2b and
AO intranasally 3 times a day; or 400 mg of pidotimod per os twice a day; or 125 mg of tilorone per os on days
1, 2, 4, and 6. The severity of ARI was determined daily as the sum of 10-point scores for 15 symptoms. Serum
concentrations of [FNa and IFNy and the ability of blood cells to produce these cytokines ex vivo spontaneously and
upon stimulation with Newcastle disease or phytohemagglutinin were studied using enzyme-linked immunosorbent
assay (ELISA). The proportions of circulating lymphocytes expressing type I IFN receptor subunit 2 (CD118) or
IFNy receptor a-chain (CD119) were determined by flow cytometry.

Results. ARI symptoms in all cohorts generally regressed in a similar way. However, from day five of the treat-
ment, pidotimod relieved symptoms more effectively than other drugs. In patients treated with tilorone, the regres-
sion of ARI manifestations was delayed in the first two to three days, followed by rapid symptom reduction. An
initial decrease in the induced production of IFNy was found in patients treated with pidotimod, and a tendency
to a decrease in this parameter was noted in other cohorts. The induced production of IFNy after the treatment in
all groups did not differ from that in healthy donors. No significant changes and differences in the proportions of
CD118" and CD119" lymphocytes were found between the cohorts, except for a decrease in the number of CD118*
cells after the treatment with tilorone. In patients treated with IFN-a2b + AO, the proportions of CD119" and
CD118" lymphocytes tended to increase slightly.

Conclusion. Drugs polarizing immune responses toward the Thl type are a useful option for treating ARI in
patients with allergic rhinitis.
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NHTepdepoHbl anbda n ramma, NMAOTVIMOA V1 TUIOPOH B JiIeYeHUM OCTPbIX
pecnupaTtopHbIX UHPEKLUI Y NaLNEeHTOB C ajiepruyeckKum puHUTOM:
NPOCNEeKTUBHOE KOrOPTHOE KINMHNKO-UMMYHOJNOrnyecKoe nccnepoBaHmne
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[lenmpanvuwlii Hayuno-uccieoosamenvcekuil uncmumym (LIHHHI) snudemuono2uu
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PE3IOME

Hens — cpaBHUTH KIMHUYECKYIO 2()(HEKTUBHOCTD U BIMSHHE Ha BEIPAOOTKY H pereniuio nureppeponos (UDH)
IPerapaToB C IMMYHOOIIOCPEIOBAHHBIM IIPOTHBOBHPYCHBIM JICHCTBHEM, OTCHIMPYIOIINX KIMMYHHBIH OTBET 1-T0
tumna (T1), B teuennu ocTpbIx pecripatopusix HHGeknui (OPY) y mannueHToB ¢ auieprudeckuM PUHHTOM.

Marepuaibl U MeToabl. bonsabie OPU (7 = 146) ¢ ce30HHBIM aJUIEPTHYECKUM PUHHUTOM B CTaIUHM PEMHUCCUHU
pacrpeneneHsl Ha YeThIpe KOropTel. [IoMIMO CHMITOMAaTHYECKOH Teparuy MaueHTs! momyyanu auoo 2 000 ME
N®H-y B KakAblii HOCOBOM XOI 5 pas/cyr; nmbo pekrambHble cBeud, coiepxkamque 10° ME H®H-02b u
anTrokcuaanTsl (AO), 2 paza/cyT renb ¢ UDH-02b u AO untpanaszansro 3 pasa/cyt; mbo 400 Mr nugoTuMoaa
per os 2 paza/cyt; mubo 125 mr tunopoHa per os B 1, 2, 4 u 6-e cyT. BeIpaKeHHOCTh KIMHUYECKUX MPOSBICHUN
OPU ompenensinu exxeaHeBHO 1Mo cymme 10-0ammpHbIx oneHOK 15 cumnromoB. Konnentpammu MOH-o u UDOH-y B
CBIBOPOTKE KPOBH H CLIOCOOHOCTH KJIETOK KPOBH BBIPA0ATHIBATH 3TH LINTOKUHBI €X ViV CTIOHTAHHO U IIPU CTUMYJISLIAK
BUpYycoM Oose3Hn Hprokacia win pUTOreMarritoTHHHHOM H3Y4Yalld ¢ TOMOIIbI0 HIMMYHO(GEPMEHTHOTO aHAIH3a.
Jlonu mupKyIupyomuX TMM(GOLUTOB, SKCIpeccupyromux cyorenuaniy-2 peuenropa UOH I tuna (CD118) mnu
o-uensb peuentopa UOH-y (CD119), onpeaensiin METOAOM MPOTOYHOH HUTO(GITYOPUMETPHH.

PesyabTaTbl. CumnTomsl OPU Bo Bcex Koroprax perpeccHpoBad B LEJIOM CXOAHbIM obOpa3om. OnxHaxo
MUJOTUMOJL C 5-X CyT JICYEHHsI KyNUpPOBaj CUMNTOMBI 3((eKTHBHEE IPYruX NpernaparoB, a Ha (oHe mpuema
TUJIOpOHa perpeccus nposisieHuit OPU 3anepxuBanace B mepBble 2—3 CyT, MOCIE YEro CUMITOMBI OBICTPO
yracany. OOHapyKeHO MCXOJHOE CHIKEHHE MHAyLHpoBaHHOU nponykuuu VDH-y y manueHToB, momiexanmx
JIEYEHHUIO MHJOTUMOIOM, U TEHJEHIUs K yMEHBIIEHHUIO 3TOro MokKasarens B Jpyrux koroprax. Ilocne neuenus
UHIyLUpoBaHHas BeIpadoTka MMDH-y Bo Bcex rpymnmax He oTinMYanach OT TaKOBOW y 3J0pPOBBIX AOHOpOB. He
YCTaHOBJICHO CYILIECTBEHHON AMHAMUKH 1 OTIMYMH Mex 1y rpyrmnamu no gomnsm CD118%- u CD119-numdonuros,
3a MCKJIIOUCHHEM CHIKeHus konndectBa CD118*-kierok Ha one npuema Twiiopona. Jleuenne UPH-a2b ¢ AO
BBI3bIBAJIO HE3HAUMTEIBHYIO TEHACHIHIO K yBesdeHuto noau CD119"- u CD118 -numdounros.

3axinoyenne. [IpenapaTsl, nojspusyrolye UMMYHHbIH OTBeT B HamnpasieHud 12—T1, sBistoTca moiae3HoOH
ommueil B tedennr OPY y GOJIBHBIX ¢ ayuIeprHyecKuM PUHHTOM.

KuroueBble ciioBa: ocTpble pecriupaTopHble HHEKIH, nHTepdepon ramma, nHTepdepoH anbda-2b, aHTHOKCH-
JIAHTBI, TUAOTUMO]I, TUJIOPOH, PELENTOPbl MHTEP(EPOHOB, UMMYHHBIN OTBET 1-r0 THIA

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHM)INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

Hcrouynnk ¢uHaAHCHPOBaHUSA. ABTOPHI 3asBIAIOT 00 OTCYTCTBMM (DMHAHCHPOBAaHHS TMPU TPOBEICHHN
MICCIIEIOBAHUSI.
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CooTBeTcTBHEe NPUHIMNAM JITHKH. VcciaenoBaHue oJ00peHO JOKANbHBIM 3THYEeCKMM Komuterom L[[HUU

snuaeMuooruu (mpotokoa Ne 79 ot 15.12.2017).

s uurupoBanus: Kamoxun O.B., [Tonexesa JI.O., Typamosa A.H., Hyprasuna A.1O., beikoB A.C., Kapay-
108 A.B. UaTepdepons! anbha u raMmma, THIOTHMO]T ¥ THIOPOH B JIYEHUH OCTPBIX PECITUPATOPHBIX HHPEKINH Y
MAIUEHTOB C ATIEPrHIECKIM PHHUTOM: IPOCTIEKTUBHOE KOTOPTHOE KITMHUKO-UMMYHOJIOTHIECKOE HCCIIeJOBaHHUE.
bronnemens cubupckoii meouyunst. 2022;21(2):48-59. https://doi.org/10.20538/1682-0363-2022-2-48-59.

INTRODUCTION

Treatment of acute respiratory viral infections
(ARVI) remains largely the focus of discussions
among scientists and doctors. The vast majority of
used and studied etiotropic and pathogenetic drugs
are far from the gold standard in this regard, es-
pecially in case of ARVI therapy in patients with
concomitant allergic respiratory diseases. Allergic
diseases and respiratory infections have a number
of common and / or mutually potentiating links in
their pathogenesis. Histamine, leukotrienes, prota-
glandins, and many cytokines and chemokines are
mediators of both allergic and infectious inflamma-
tion [1-5].

The development of allergic rhinitis and the most
common phenotypes of other allergic respiratory
diseases is associated with the predominance of type
2 (T2) immune response [6, 7]. At the same time,
human rhinovirus, respiratory syncytial virus (RSV),
and some other pathogens of ARVI polarize immune
responses toward the Th2 type [8, 9]. Human rhi-
noviruses species A and B use the intercellular ad-
hesion molecule 1 (ICAM-1) to enter the cell [10],
and an increase in the expression of this molecule is
an important link in the pathogenesis of respiratory
allergic diseases [11, 12]. In addition, rhinoviruses
themselves enhance the expression of ICAM-1 [13].
This does not include all the mechanisms by which
respiratory viruses can provoke or aggravate allergic
inflammation, and allergic respiratory disease can
facilitate infection and create conditions for a more
severe or atypical course of ARVI [14]. Patients with
remission of allergic rhinitis retain minimal signs of
persistent T2 inflammation, which makes them more
sensitive to non-specific irritants [15] and a priori
should affect the course of ARVI.

The aim of this study was to compare the clinical
efficacy and effect on the production and sensing of
type I and type II IFNs of several immunostimulants
and drugs with immune-mediated antiviral effects,

which are approved for clinical use in the Russian
Federation for the treatment of acute respiratory in-
fections (ARI) in patients with remission of concom-
itant allergic rhinitis.

Drugs were chosen as objects of this study due to
their proven or implied ability to switch the balance
of the prevailing immune response: T2—T1. Inter-
feron-y (IFN-y) in nasal dosage forms was chosen
as a key mediator of T1 immune responses and a
stimulator of cellular antiviral defense [16]. IFN-
a2b in topical and rectal dosage forms with added
antioxidants was considered not only as the most
important factor of antiviral innate immunity, but
also as a molecule that potentiates the production
of IFN-y and suppresses the production of T2 cyto-
kines [17, 18].

Pidotimod has proven to be effective in the pre-
vention of respiratory infections [19], including pa-
tients with allergic respiratory diseases [20]. This
synthetic dipeptide stimulated T cell immune re-
sponses, suppressed T2 inflammation, and increased
the IFN-y / interleukin (IL)-4 ratio in the serum of
patients with respiratory allergies [21, 22].

The ability of tilorone to induce the production of
type I IFNs has been known for more than 50 years
[23]. Recently, it has been shown that this drug en-
hances (modulates) the production of IFN-y, IFN-A,
and some other cytokines in intact animals and under
experimental conditions of influenza in vivo [24, 25]
and induces polarization of the immune response to-
ward the T1 type [26].

MATERIALS AND METHODS

147 patients with ARI and remission of concom-
itant seasonal allergic rhinitis were followed up in
City Polyclinic No. 180 of Moscow Healthcare
Department, Scientific Advisory Clinical Diagnos-
tic Center, and Clinical Department of Infectious
Pathology of Central Research Institute of Epide-
miology of the Federal Service for Surveillance on
Consumer Rights Protection and Human Wellbeing
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during the autumn — winter epidemic seasons of
2016-2019. The study was carried out in accordance
with the requirements of the World Medical Associa-
tion (WMA) Declaration of Helsinki “Ethical princi-
ples for medical research involving human subjects”
as amended by the 52nd WMA General Assembly
(2000) and “Rules of Clinical Practice in the Russian
Federation” approved by the order of the Ministry of
Health of the Russian Federation No. 266 dated June
19, 2003.

Inclusion criteria: clinical presentation of ARI
within 48 hours after the onset of the first symptoms;
history of seasonal allergic rhinitis verified at least
2 years ago; remission of allergic rhinitis; the level
of immunoglobulins E (IgE) in the blood serum >
100 TU / ml; age from 18 to 65 years; a voluntary
informed consent to participate in scientific research.

Exclusion criteria: treatment with antiviral and
immunomodulatory drugs within 1 month before
therapy; the presence of ARI complications at the
time of the initial visit; autoimmune diseases; chronic
diseases of the cardiovascular system, gastrointesti-
nal tract, and endocrine system, requiring medication
intake during the study period; chronic obstructive
pulmonary disease; tuberculosis; HIV infection; drug
addiction; hypersensitivity to the components of
drugs studied.

Withdrawal criteria: an allergic or other adverse
reaction to any drugs manifested during the study;
non-compliance with the frequency and dosage reg-
imen; refusal of the patient to continue participating
in the study.

Patients included in the study were divided into 4
cohorts (Table 1).

Table 1
Characteristics of the patients included in the study
Parameter Patient groups Statistically
significant
Group number 1 2 3 4 differences
Treatment IFN-y IFN-a +AO Pidotimod Tilorone
Number of patients 60 27 28 31
g 1o 46 44 29 «
Age, years, Me (O -0 ,; Min—Max) 29 (26-38; 19-58) (40-50; 27-62) | (40-50; 27-62) | (27-39; 18-57)
g Men, n (%) 36 (60) 15 (56) 14 (50) 12 (39)
ex _
Women, 1 (%) 24 (40) 12 (44) 14 (50) 19 (61)
Erythrocyte sedimentation rate, mm / h, . o 10 e a
1u(Q -0 ;. Min-Max) 6 (5-12;2-25) 6 (4-9; 2-40) (4-14: 1-24) 7 (2-5;1-29)
Number of leukocytes in blood, x10*/mcl, Me (Q,~0;; 6.7 (4.9-9.1; 6.4 (5-7.7; 6.5 (5.8-8.1; 7.1 (5.7-9.8; 3
Min—Max) 3.1-13.1) 3.4-13.9) 3.1-12.8) 4.3-16.7)
The proportion of lymphocytes among blood 37 36 36

leukocytes, %, Me (Q —0 ,; Min—Max)

36 (30-40; 11-48) -

(30-44; 17-64) | (29-38; 14-64) | (30-40; 11-48)

Serum IgE concentration, IU / ml, Me (Q -0 ,; 297 (173-450; | 231 (159-417; | 218 (180-304; | 230 (185-394; 3

Min—Max) 102-822) 101-621) 100-598) 105-725)
Rhinoviruses 15 (25) 7 (26) 7 (25) 6 (19) -
Influenza A virus 19 (32) 10 (37) 9(32) 10 (32) -
Influenza B virus 0 0 0 1(3) -
Human

Number of patients with identified | parainfluenza 4(7) 1(4) 1(4) 1(3) -

ARI viruses, n (%) viruses 1-4
RSV 4(7) 2(7) 2(7) 2(6) -
Adenoviruses 5(8) 2(7) 1(4) 4(13) -
Coronaviruses 0 0 0 1(1) -
Not identified 13 (22) 6(22) 8(29) 6(19) -

Note: RSV —respiratory syncytial virus.

*D 1234 <0.001 (the Kruskal — Wallis test); p , <0.001, p, , <0.001, p,, <0.001, p, <0.001 (the Dunn’s test).

Bulletin of Siberian Medicine. 2022; 21 (2): 48-59 51



Kalyuzhin O.V., Ponezheva L.O., Turapova A.N. et al.

Interferons alpha and gamma, pidotimod, and tilorone in the treatment

In cohort 1 (IFN-y group), the patients were
treated with 2,000 IU of human recombinant [FN-y
(Pharmaclon, Russian Federation) in 2 drops of
aqueous solution into each nasal passage 5 times a
day for 7 days, which was a part of a complex ther-
apy. In cohort 2 (IFN-a + antioxidants (AO) group),
the patients received rectal suppositories containing
1 million IU of IFN-a2b, 0.055 g of alpha-tocoph-
erol acetate, and 0.0081 g of ascorbic acid (Feron,
Russian Federation) twice a day and a strip of gel
0.4-0.5 cm long, 1 gram of which contained 36,000
IU of IFN-02b, 0.055 g of a-tocopherol acetate,
0.00128 g of benzoic acid, and 0.001 g of citric acid
monohydrate (Feron, Russian Federation), 3 times
a day in each nasal passage for 7 days. In cohort 3
(pidotimod group), the patients received 400 mg of
pidotimod (Doppel Farmaceutici Srl, Italy) per os 2
times a day for 10 days. In cohort 4 (tilorone group),
the patients received 125 mg of tilorone (Nizhpharm,
Russian Federation) per os on days 1, 2, 4, and 6. In
addition to these drugs, the patients received symp-
tomatic treatment (irrigation procedures, deconges-
tants, paracetamol at temperatures above 38.5°C).

All patients underwent a comprehensive exam-
ination, including history taking, physical examina-
tion, complete blood count, determination of the IgE
level in the blood serum, verification of pathogens
of respiratory infection, analysis of the interferon
system and their receptors, and if necessary, clinical
investigations (computed tomography of the sinuses,
chest X-ray, electrocardiogram). Blood and naso-
pharyngeal samples for laboratory studies were tak-
en in the first 48 hours from the onset of the disease
before treatment and on day 7 of the treatment. All
patients were followed up until complete recovery.

The main criterion (primary endpoint) for com-
paring the effectiveness of different treatment options
was the influence of ARI clinical manifestations on
regression. The overall severity of ARI was deter-
mined as the sum of 10-point scores for each of the
symptoms listed below. Hyperthermia was assessed
as follows: 1 point for body temperature > 37°C;
another 1 point for each additional temperature rise
by 0.2°C; 10 points for any temperature > 38.8°C.
Other 14 symptoms and signs were assessed as fol-
lows: weakness, decreased appetite, nasal conges-
tion, nasal discharge, itchy nose, itchy throat, sore
throat, hoarseness, cough, sneezing, myalgia, head-
ache, chest pain, and pain in the eyes. The results of

the assessment of ARI clinical manifestations were
recorded daily for 7 days in a specially developed in-
dividual diary, in which patients also had to register
possible adverse events.

The pathogens of ARI in a nasopharyngeal swab
were identified by the polymerase chain reaction
using the AmpliSens ARVI-screen-FL. and Ampli-
Sens Influenza virus A/B-FL diagnostic test sys-
tems (Central Research Institute of Epidemiology,
Russian Federation). Complete blood count was
performed using a hematology analyzer (Beckman
Coulter, USA) with determination of a standard set
of parameters.

The ability of blood cells to produce IFN-a and
IFN-y ex vivo upon stimulation by the Kansas strain
of the Newcastle disease virus (NDV) or phytohem-
agglutinin (PHA) (PanEco, Russian Federation), re-
spectively, and without these stimuli was evaluated
using the method proposed by S.S. Grigoryan et al.
[27], as described earlier [28]. The levels of IFN-a
and IFN-y in the cell culture supernatant and blood
serum were determined by ELISA using eBioscience
kits (USA) and a fully-automated microplate read-
er Anthos 2020 (Anthos Labtec Instruments GmbH,
Austria) at a wavelength of 450 nm with a correction
at 620 nm.

The proportion of circulating lymphocytes ex-
pressing IFN-a / B receptor subunit 2 (CD118) and
[FN-y receptor a-chain (CD119) in peripheral blood
was determined by flow cytometry on the EPICS XL
cytometer (Beckman Coulter, USA) using PE-conju-
gated antibody to CD118 (Beckman Coulter, USA),
PE-conjugated antibody to CDI119 (eBioscience,
USA), and BD FACS lysis solution (Becton Dick-
inson, USA) as described earlier [29]. Data from
the analysis of biological samples collected from 30
healthy individuals comparable in gender and age
with the studied population were used as a condi-
tional norm of laboratory parameters.

A statistical analysis was carried out using the
Statistica 18 software (StatSoft Inc., USA). Paired
comparisons of independent and dependent sam-
ples in terms of quantitative characteristics were
performed using the Mann — Whitney and Wilcox-
on tests, respectively. The Kruskal — Wallis and
Dunn’s tests were used for multiple comparison of
independent samples in terms of quantitative indica-
tors. Independent groups were compared by nominal
characteristics using the y? test. All quantitative data
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in the tables and in the figure are presented as Me
(Q —0 ,; Min-Max), where Me is the median, Q | is
the lower quartile, Q| is the upper quartile; Min is
the minimum, Max is the maximum. The differences
were considered statistically significant at p < 0.05.
At 0.05 <p <0.1, a trend was claimed.

RESULTS

The cohorts of patients did not differ in the etiol-
ogy of ARI, duration of infection during treatment,
serum IgE level, erythrocyte sedimentation rate, and
number of leukocytes and lymphocytes in periph-
eral blood. The groups were generally comparable
in gender: a slight predominance of women in the
tilorone cohort did not lead to statistically signifi-
cant gender differences between the groups (Table

1). Sensitization to birch pollen allergens as a cause
of seasonal allergic rhinitis, which was in remis-
sion during the study period, dominated in all co-
horts. At the same time, patients in the [FN-a + AO
and pidotimod groups were older than those in the
IFN-y and tilorone cohorts. Intergroup heterogene-
ity was also noted in terms of the initial severity of
clinical manifestations of ARI. This was associated
with a higher score for key symptoms of the disease
in the tilorone cohort compared with patients who
were prescribed IFN-y and pidotimod (Fig. 1). The
higher score in the tilorone group was mainly due
to a high degree of myalgia, headache, decreased
appetite, weakness, and eye pain. The groups did
not differ significantly with respect to other ARI
symptoms.

70
. 1. Interferon-y
60 . 2. Interferon-a + antioxidants
B 3. pidotimod
g 50 * |:|4. Tilorone
3
@ *
8 40 x
£ *
5 I .
G
g 30
a
2
=~ 20 *
.
) ; : %*
> ¥
0 2

Day 1 Day 2

Day 3 Day 5 Day 7

Figure. The dynamics of regression of ARI clinical manifestations in patients with concomitant allergic rhinitis who received
different variants of antiviral therapy: X — mean values, points — outliers, Me (Q ~Q ,; Min—-Max)

* p<0.01 compared with the parameters on the first day of the study (Wilcoxon test).

All the patients included in the study tolerated the
treatment well. No cases of adverse events were not-
ed. No patients were excluded or withdrawn from the
study.

A statistically significant decrease in the total
score for ARI clinical manifestations was observed
in all the groups on day 2 of the treatment. At the
same time, the severity of the disease in the cohort
of patients treated with tilorone remained at a higher
level compared with other groups (Figure, Table 2).

Subsequently, the main symptoms of the disease
steadily regressed at approximately the same rate in
patients with all the treatment options.

Table 2

Statistically significant intergroup differences

Duration of the | p,,,, the Kruskal — s
study, day Wallis test) The Dunn’s test
1 0.008 p,.,=0.039, p, ,=0.008
) 0.001 p,.,=0.047, p, ,=0.045,
’ P,,= 0,001
3 <0.001 p,,=0.032,p. ,=0.002
p,,<0.001, p _,=0.002,
5 <0.001 p,,< 0,001
p,,<0.001, p ,<0.001,
! <o.001 P,,<0.001, p,,<0.001
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On day 5, the total score for patients in the ti-
lorone group was lower than that in the IFN-y cohort,
and the pidotimod group had the highest regression
rate of the main ARI symptoms. By day 7, the total
score in the pidotimod group tended to zero and was
significantly lower than in each of the other three
groups, in which, despite a rapid decrease in the se-
verity of symptoms, the residual ARI manifestations
still persisted more clearly (Figure).

Since the pharmacological activity of all the
studied drugs is largely associated with type I
and type II IFN signals, we studied how the con-
centrations of IFN-a and IFN-y in the blood serum
changed as a result of different treatment options,
the ability of blood cells to produce these cytokines
ex vivo, and the proportion of peripheral blood
lymphocytes expressing type I and type II IFN
receptors.

A tendency toward an increase in the concentra-
tion of [FN-a in the blood serum of most ARI patients
before the treatment was noted, and in the IFN-o +
AOQ group, there was a significant increase in this pa-
rameter compared with healthy donors. The cohorts
of patients were initially heterogeneous according
to this criterion, as the level of IFN-a in the [FN-y
and pidotimod groups was lower than in the IFN-a +
AO group. After the treatment, the concentration of
IFN-a in the blood serum significantly decreased in
patients of all groups and was in the range similar to
the conditional norm (Table 3).

The content of IFN-a and IFN-y in the superna-
tant of unstimulated peripheral blood cell cultures
in the vast majority of cases (more than 75%) was
below the detection limit in both healthy donors and
patients with ARI. In addition, the sensitivity of the
used test system was not enough to detect [FN-y in
the blood serum of more than 80% of patients and
healthy people (data not provided).

NDV-induced production of IFN-a by blood
cells in vitro in the patients from the I[FN-y, [FN-a
+ AOQ, and tilorone groups was initially higher than
in healthy donors. In the pidotimod cohort, we only
observed an upward trend for this parameter. No sig-
nificant intergroup differences were detected before
the treatment. After the treatment, the induced pro-
duction of IFN-a in all the groups decreased; in the
meantime, it was higher in the IFN-y group than in
the tilorone cohort and was at the level of a mathe-
matically confirmed trend (Table 3).

Prior to the treatment, we revealed a decrease
in the production of IFN-y induced by PHA in the
pidotimod group and a tendency toward a decrease
in this parameter in other cohorts of patients. After
the treatment, the induced production of IFN-y in-
creased to a level similar to the conditional norm,
but this increase was statistically significant only in
the IFN-a + AO and pidotimod groups. There were
no mathematically confirmed intergroup differences
both before and after the treatment (Table 3).

The proportion of lymphocytes expressing type
I IFN receptor subunit 2 (CD118) in the peripheral
blood in all groups of patients was initially higher
than the conditional norm. After the treatment, a de-
crease in this parameter was observed in the tilorone
group, which nevertheless remained at a higher level
than in healthy donors. In other cohorts, the relative
number of CD118* lymphocytes did not change.

When determining the proportion of lymphocytes
expressing the IFN-y receptor a-chain (CD119), no
differences were found either between the groups
of patients or between each of them and the con-
ditional norm. Additionally, no significant changes
were revealed in all the cohorts. At the same time, a
slight upward trend in the proportion of CD119" and
CD118" lymphocytes in the IFN-a + AO group was
noted, that did not reach the level of the statistically
confirmed trend (Table 3).

DISCUSSION

Higher baseline severity of ARI symptoms in the
group of patients treated with tilorone makes it diffi-
cult to compare the clinical efficacy of this drug with
that of other treatment options. However, a delay in
the regression of symptoms in the first two to three
days of the treatment was observed in the tilorone
group, after which the clinical manifestations of ARI
quickly faded away. This was probably due to the
fact that tilorone at the first dose (on day 1) and sec-
ond dose (on day 2) could act as an inducer of the
production of not only IFNs of all types, but also oth-
er, mainly proinflammatory, cytokines. On the con-
trary, subsequent doses of this drug, taken on days 4
and 6 of the treatment could cause temporary hypo-
reactivity of IFN-producing cells and proinflamma-
tory cytokines, which contributed to rapid relief of
symptoms reflecting a local and systemic inflamma-
tory response. In general, the features of the changes
in the ARI clinical manifestations during the tilorone
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treatment confirm the hypothesis about the mech-
anisms of clinical efficacy of tilorone, formulated
earlier [30], and are consistent with the results of a
recent study on the antiviral and cytokine-modulat-
ing activity of this drug in the model of influenza in
vivo [25].

Conditional leadership of pidotimod in the relief
of ARI symptoms, which manifested from day 5 of
the study, can be partly associated with slightly lower
initial severity of the disease in the group of patients
who received this immunostimulant. Nevertheless,
high effectiveness of pidotimod is of great interest
because it is significantly further from classical an-
tiviral agents than other comparison medicines used
in this study in terms of the main mechanisms of the
pharmacological action. Unlike pidotimod, tilorone,
which has an immune-mediated antiviral effect, as
well as IFN-y and IFN-02b with antioxidants, which
are systematized as immunostimulants according to
the anatomical, therapeutic, and chemical classifica-
tion of drugs, are usually considered for etiotropic
therapy of viral infections along with direct-acting
antivirals. But it was pidotimod, whose effectiveness
in the complex treatment of allergic rhinitis [31],
asthma [22], as well as in the prevention of ARI [19]
was previously proven, and which had a pronounced
therapeutic effect in the acute phase of respiratory
infection in patients with allergy in this study.

Probably, the use of a systemically acting immu-
nostimulant that shifts the balance of the prevailing
immune response in the T2—T1 direction was more
important in terms of accelerating the relief of ARI
symptoms for patients with concomitant allergic rhi-
nitis than the use of drugs with a more pronounced
antiviral effect. The synthetic dipeptide pidotimod
like some immunomodulators of bacterial origin has
immunoregulatory (anti-inflammatory or immune
dampening) effects [32]. In this regard, it seems
promising to continue studies of this drug not only
as a stimulant of anti-infective defense, but also as a
method of complex treatment of allergic rhinitis and
other diseases accompanied by persistent inflamma-
tion in the respiratory tract.

Similar dynamics of regression of ARI clinical
manifestations was observed in the groups of pa-
tients who received intranasally IFN-y or a combi-
nation of topical and rectal dosage forms of [IFN-02b
+ AO. This result is interesting, since IFN-y locally
used a key mediator of the T1 response with proin-

flammatory activity[33] was comparable in clinical
efficacy with a combination of systemic and topical
dosage forms of IFN-a2b, a cytokine with a more
pronounced antiviral effect and anti-inflammatory
potential [34]. This is another indirect confirmation
of a great importance of the T2—T1 immune re-
sponse polarization for the regression of ARI clinical
manifestations in patients with concomitant allergic
rhinitis.

After IFN-02 or another type I IFN binds two
subunits of the corresponding receptor on the surface
of the target cell and initiates biochemical cascades
aimed at protecting against viruses, the ligand — re-
ceptor complex is internalized by endocytosis. This
complex, when in the endosome, continues to exert
biological (antiproliferative, immunomodulatory)
effects for some time and only then undergoes lyso-
somal degradation [35]. However, the signals lead-
ing to the production of IFN-stimulated virostatic
proteins are transduced through type I IFN receptor
mainly when it is located on the cell surface. The
ability of different type I IFNs to carry the receptor
inside the cell correlates with the degree of affinity
of the ligand — receptor interaction [36]. IFN-a2 is
characterized by high affinity for type I IFN receptor
[37], second only to IFN-f in this respect [38].

The interaction of IFN-y with the receptor
also finally leads to internalization and intracel-
lular degradation of the ligand — receptor com-
plex [39]. IFN-y decreases the expression of its
receptor in target cells by mechanisms indepen-
dent of endocytosis [40]. Type I IFNs are also
capable of suppressing the expression of IFN-y
receptors both as a result of blocking the tran-
scription of the a-chain gene in this receptor [41]
and secondarily due to stimulation of IFN-y pro-
duction [17], leading to the above-mentioned li-
gand-induced mechanisms for reducing sensitivity
to IFN-y.

In theory, these features of type I and type II IFN
signal transduction could lead to a temporary de-
crease in the number of both types of IFN receptors
on the plasmalemma of different cells (including
circulating lymphocytes) in patients treated with
systemically acting IFN-a2b. This could reduce the
effectiveness of the natural antiviral mechanisms
dependent on type I and type II IFN. The results
of this study disavow this assumption. An upward
trend in the proportion of lymphocytes expressing
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type I IFN receptor subunit 2 and IFN-y receptor
a-chain was revealed on the last day of the 7-day
treatment in the IFN-a + AO cohort and was not
observed in other groups. This can be explained by
the recirculation of internalized receptors [39] and
/ or the presence of previously unidentified positive
feedback mechanisms leading to the restoration of
the number of receptors after a ligand-induced de-
crease in their density on the surface of target cells.
The results obtained are consistent with the data
that it is [FN-a2b, but not IFN-f, that stimulates the
recirculation of the internalized type I IFN receptor
subunit 2 to the cell surface [42].

CONCLUSION

Generally similar clinical efficacy of IFN-y in
the nasal dosage form, the combination of rectal
and nasal dosage forms of IFN-a + AO, pidotimod,
and tilorone in the treatment of ARI in patients with
allergic rhinitis was established. The results of this
study allow to make a conclusion that drugs capable
of polarizing the immune response in the T2—T1 di-
rection are a useful option for the treatment of ARI
in patients with concomitant allergic respiratory
diseases. In this context, the choice of all the drugs
investigated in this work should be recognized as
justified. From the data obtained, a rational vector
for the development of new effective agents for the
pathogen-specific (etiotropic) treatment of ARVI in
patients with respiratory allergy emerges: the search
for natural and synthetic pharmacological substances
that have both antiviral and T2—T1 properties.
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