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Abstract

Background: Influenza is a highly variable infection that can cause fatal complications. Universal approaches, such as
general stimulation of the immune system to activate its natural antiviral capacities, seem to be a rational measure.

Methods: A total of 410 patients with influenza-like infections (ILI) were randomly assigned to one of three treatment groups
and one control group. Interferon gamma (IFN-y) was administered by intranasal introduction of 1 to 3 drops into each nostril 5 times
per day daily for 5 days. The first dose of investigational medicine was given within 48h of the onset of the influenza-like symptoms.
One drop of the solution contains 1,000 IU of active substance. All patients received basic complex therapy without any antiviral
or immunomodulating agents. The patients were followed up for 7 days. Treatment efficacy was evaluated by the mean duration of
symptoms (MDS), the period of viral antigen detection (VAD) measured after 1-2 and 4-5 days of treatment, and the incidence of
complications. We used conventional indicators to evaluate the safety of IFN-y in the treatment of ILI.

Results: The administration of 2 or 3 drops of [FN-y in each nasal passage led to better outcomes manifested in the considerable
(P<0.05) reduction of all acute respiratory symptoms, and therefore to a more rapid recovery. In these treatment groups, statistically
significant decreases for MDS values, VAD period, and incidence of complications were registered. Intranasal IFN-y in complex
therapy of ILI was considered to be well tolerated and safe.(International Journal of Biomedicine. 2018;8(4):327-322.)
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mechanism of its antiviral action has been discovered, and

antiviral properties have been shown in a range of preclinical
and clinical studies.!-®

Introduction

Interferon gamma (IFN-y) is an antiviral and

immunomodulating drug that prevents and treats ARTI caused
by influenza or other viral respiratory infections. The IFN-y
activity against influenza virus infection, herpes simplex
virus, HPV, and HIV, as well as against tuberculous and
urogenital infections has been described in many studies. The

Influenza can be a very dangerous disease; it can lead to
life-threating complications and death, especially in patients
of risk groups.” The disease is caused by influenza viruses
(the basic types are A, B, and C). Type A can cause serious
complications and global pandemics. It has been detected in
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the majority of clinical cases, and the subtype H3N2 generally
dominates. Type B can also cause a rather severe infection;
however, it never breaks out into a worldwide epidemic. Type
C usually leads to mild acute respiratory tract disease.

According to the WHO reports, influenza takes the lives
of up to 500,000 people around the world every year and
potentially can kill millions of people. For instance, it affected
half of the world’s population in 1918 and caused the death of
around 50 million people. Since the pandemic of 2009, type
A influenza (mainly HIN1 and H3N2 subtypes) and type B
influenza cause global co-infections every year with a high
risk of dangerous complications.®!?

According to the Federal Service for Supervision
of Consumer Rights Protection and Human Welfare, the
mortality from influenza in 2017-2018 in Russia was around
70 people. Despite the reported decrease of mortality due to
effective and widespread vaccination, which encompasses
almost 60% of the country’s population, the problem is not
solved and the current results are not satisfying. From October
to April, influenza still causes vast waves of affected patients,
sick leaves, and hospital stays.!"

The maindifficulty is rapid mutations of the influenza virus.
Every year, new strains appear and circulate in the population
in different combinations. This significantly complicates the
quick data collection necessary to make an effective vaccine;
therefore, vaccination can rarely protect people.(>'¥

Another challenge is that alongside the influenza
viruses, so-called «imitators» (the viruses of parainfluenza,
adenoviruses, respiratory syncytial virus (RSV), coronavirus,
etc.) could be a reason for acute respiratory tract disease.
However, during the epidemic season more than 50% of
upper respiratory tract infections are usually associated with
influenza viruses.!

Today, influenza and other ARTI with similar clinical
symptoms are commonly referred to as ILI. Since 2011, ILI
has been defined as an acute respiratory illness with a measured
temperature of 38°C or higher, and cough, with onset within
the last 10 days. Although early clinical diagnosis of influenza
is still a big challenge, this approach helps to detect influenza
illness and distinguish it from other types of ARTI despite of
non-specific and common symptoms, like fever. 1*'9

This article describes the results of a phase 11, evidence-
based clinical trial conducted to assess the efficacy of intranasal
IFN-y administered in several treatment schemes against ILI.
The aim of the study was to evaluate the tolerability, safety,
and efficacy of various treatment regimens of intranasal IFN-y
in complex therapy of adult patients with ILI.

The investigational drug has passed preclinical studies
and phase I clinical trials. The study was performed in
accordance with good clinical practice, with permission of the
national regulatory authority, and under the approval of the
Local Ethics Committee.

Materials and Methods

We conducted a randomized, controlled, parallel-
design clinical trial. A total of 410 patients (mean age, 29.9-
42.6 years) with ILI were examined prospectively, screened

for inclusion, and recruited in one center if they satisfied the
criteria (Table 1). The participants were enrolled during the
period when influenza was announced to be present in the
community (autumn-winter, 2005-2006). All participants
provided the written informed consent.

Table 1.

Inclusion and exclusion criteria

No.| Inclusion criteria Exclusion criteria

1 Men and women
18 to 60 y.o.

2 Clinical symptoms |Previous therapy with antitumor or
of ARTI immunomodulating drugs

Pregnancy or lactation

Serious mental disorders that require

3 Early stage of the [treatment with antidepressants, major
disease (1-2 days) [tranquilizers, hospitalization, or resulted
in disability

Negative
4 |pregnancy
test (for women)

Alcohol or drug abuse

Diseases associated with immune system
disorders (autoimmune diseases); diabetes;
5 Written informed |severe pulmonary, cardiovascular, renal
consent pathology and other diseases that, from
investigator's point of view, did not allow
the patient to participate in the study

Inability or unwillingness to give the informed|
6 consent to participate in the study or to meet
the requirements of the study

All the patients were randomly assigned to one of three
treatment groups and one control group: with interferon
gamma administered by intranasal introduction of 3 drops
into each nostril (Main group I, n=110), of 2 drops into each
nostril (Main group II, n=110), of 1 drop into each nostril
(Main group III, n=110), and basic complex therapy without
investigational drug (Control group, n=80).

The investigational drug—IFN-y (Ingaron®, lyophilizate
for the preparation of 100,000 IU solution for intranasal use,
manufactured by PHARMACLON LLC, Russia, on the basis
of patent No2214832)—was administered 5 times per day for
5 days. The first dose of investigational medicine was given
within 48h of the onset of the influenza-like symptoms. One
drop of the solution contains 1,000 IU of active substance.

All patients received basic complex therapy, including
expectorants, antipyretics (in cases of temperature of>38.5°C),
vitamins, and herbal inhalations, without any antiviral or
immunomodulating agents. The patients were followed up for
7 days. The data on the concomitant therapy, including doses,
frequency rates, course length, and names of drugs, were
recorded.

Treatment efficacy was evaluated on the base of MDS,
defined as the time from the first symptom onset to the last
symptom release. Viral antigens were detected after 1-2 and
4-5 days of treatment. Incidence of complications was also
assessed.

We used conventional indicators to evaluate the safety
of IFN-y in the treatment of ILI (vital signs, adverse reactions,
and clinical laboratory tests). These parameters were compared
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between the main groups and the control group. An adverse
event was defined as any negative, unintended or unplanned
effect (not only related to the investigational drug) on vital signs,
symptoms, concomitant diseases, or laboratory parameters that
changed after a patient had been enrolled in the study.

To evaluate efficacy and safety, subjective patient
complaints were collected, and body temperature, blood
pressure and pulse data were measured and recorded according
to the study protocol. General blood and urine analyses were
conducted before and after the treatment. All data were entered
into individual case reports forms.

The etiology of the disease was established by
immunofluorescence (IF) express-test with the identification
of influenza, parainfluenza, RSV, adenovirus, and coronavirus
infection. The IF analysis was repeated after 1-2 and 4-5 days of
treatment. Specimens were collected from the upper respiratory
tract (nasal passages) using swabs; blood and urine samples were
prepared and tested in the local laboratory using routine methods.

Statistical analysis was performed using statistical
software package SPSS version 17.0 (SPSS Inc, Chicago,
IL). The normality of distribution of continuous variables was
tested by the Kolmogorov-Smirnov test with the Lilliefors
correction and Shapiro-Wilk test. Baseline characteristics were
summarized as frequencies and percentages for categorical
variables and as mean+standard deviation (SD) for continuous
variables. A 95% confidence interval was calculated. For
data with normal distribution, inter-group comparisons were
performed using Student’s t-test. A probability value of
P<0.05 was considered statistically significant. Baseline data
(four sets) included demographic indicators, and time from the
first symptom onset before the intervention.

Results

Baseline demographic characteristics of patients and the
kind of virus are shown in Table 2.

Table 2.

Baseline characteristics of 410 patients with influenza symptoms
enrolled into the study

Main Main Main | Control
Baseline parameter group I | group II |group III| group
n=110 n=110 | n=110 n=80

Age 42.64+4.6 | 33.6+£6.3 [31.9+4.2| 29.94+2.8
Female 37.8% 37.8% | 53.6% | 48.8%
Male 62.2% 62.2% | 46.4% | 51.2%
Smoking status 32.7% 19.1% | 26.4% | 23.7%
g;‘;‘l;t‘zgl“gfgztlit 34469 | 38+7.2 | 35893 | 37463
Influenza A (HIN1) 15.5% 14.8% | 17.6% | 15.8%
Influenza A (H3N2) 17.2% 18.5% | 15.7% | 21.0%
Influenza B 10.3% 9.2% 2.0% 2.6%
RSV 15.5% 5.6% 17.6% | 15.8%
Adenovirus 24.1% 31.5% | 33.3% | 28.9%
Parainfluenza I 19.0% 31.5% | 29.4% | 31.6%
Coronavirus 13.8% 3.7% 9.8% 10.5%

At the beginning of the study, no significant differences
were observed among the groups regarding age, sex, smoking
status, and time from the first symptom onset. Distribution
of severity of fever and other ILI symptoms before treatment
were also comparable among the groups (Figures 1 and 2).
The mean duration of the illness before receiving the first dose
was 36 hours.

W 37.0-37.9
M 38.0-38.9
=39

Fig. 1. Distribution of fever among patients with
ILI before treatment.
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Fig. 2. Distribution of ILI symptoms among patients
before treatment.

The obtained data showed that intranasal administration
of IFN-y in any treatment regimen at the first 2 days after
the onset of the disease symptoms resulted in statistically
significant reduced fever and rhinitis. High temperature fell
crucially after the first day of treatment in Main groups I and
II, and after the second day it was lowered by a statistically
significant amount in Main group III too, as compared to the
Control group (Figure 3).

However, the administration of 2 or 3 drops of IFN-y
in each nasal passage led to better outcomes manifested in
the considerable (P<0.05) reduction of all acute respiratory
symptoms (fever, intoxication and catarrhal symptoms), and
therefore to a more rapid recovery (Table 3).

Thus, in these treatment groups, statistically significant
decreases for MDS values were registered: 2 times for fever, and
1.7 times for general intoxication. The VAD period (according to
the results of the IF examination performed at 1-2 days and 4-5
days after the start of treatment) was dramatically shorter in Main
groups I and II, and demonstrated a significant (P<0.05) difference
from the Control group after the first days of therapy (Figure 1).
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Fig. 3. Dynamics of fever among patients with ILI
during the treatment.
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Fig. 4. The duration of VAD in the nasal passages of
patients with ILI.

In general, the course of the disease was milder with
half the number of complicated forms in Main groups I and II
compared to the control patients (Table 4).

Table 3.
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Table 4.

Frequency of complications in patients treated and not treated with
IFN-y

Group Comploi/cations . Inclu.din'g : . —|EI"
(%) bronchitis|pneumonia|sinusitis|tonsillitis
Main I
0=110 16.4 7.3 0 9.1 0 [2.2%
I\/£ain I 20.9 5.4 2.7 73 54 [L.7*
n=110
Main Il 5, ¢ 8.2 73 100 | 64 |11
n=110
Control| 3¢5 12.5 100 | 88 | 50 | -
n=80

*-P<0.05 - in relation to the control group

"Efficacy index (EI) was calculated as follows: the number of patients
with complicated forms in control to the number of patients with
complicated forms in the treatment group. It means how many times
lower the rate of complicated forms of disease occurred in each
therapeutic group in comparison with the control group.

No subjects reported either adverse reactions
or individual intolerance. No pathological changes in
hematological parameters were registered. Patients presented
no subjective complaints about poor tolerability of the drug.
No allergic reactions were reported. Therefore, intranasal
IFN-y in complex therapy of ILI was considered to be well
tolerated and safe.

Discussion

IFN-y, which is sometimes called immune interferon, is
the most important proinflammatory cytokine. In the human
body, it is produced by natural killer cells, CD4-Th1 cells and
CDS8 cytotoxic suppressor cells. IFN-y receptors are present in
macrophages, neutrophils, natural killer cells, and cytotoxic
T-lymphocytes. IFN-y activates effector functions of these
cells, particularly, their antimicrobial activity, cytotoxicity, the
production of cytokines, superoxide and nitrooxide radicals,
and, therefore, destruction of intracellular pathogens.!+17.1%

Results of efficacy evaluation of interferon gamma use to treat patients with ILI

Duration of symptoms, days
Number of Intoxication Catarrhal symptoms
Group patients Fever Total Adynamia/ Headache Rhinitis Cough
anxiety
Main I 110 1.3340.10*% | 2.18+0.16* | 1.47+0.35* | 1.00+0.15*% | 2.33+0.11%* 3.11+0.78%*
Main II 110 1.3840.15% | 2.16+0.18* | 1.28+0.19* | 1.07+0.19* | 2.93+0.45% 3.85+0.19*
Main III 110 1.80+0.10*% | 3.71+0.34 2.93+0.15 1.67+0.59 3.03+0.21* 5.95+0.68
Control 80 3.2240.29 | 3.78+0.26 3.21+0.20 1.64+0.33 4.01+0.82 6.33+0.70

*- P<0.05 - in relation to the control group.
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In 1995, Tomoda et al. suggested an important role of
IFN-y in the protection against influenza and other ARTI. At
the first stage of the disease, endogenous IFN-y ensures topical
inhibition of viral replication (at the entry port of infection),
removal of infected cells, and protection of non-infected cells
due to de novo interferon synthesis. However, the activity of
endogenous interferons is often insufficient to eliminate the
infection. The administration of exogenous intranasal IFN-y
is justified for prophylaxis of infection in patients who have
been exposed to an influenza virus, and for treatment of
already infected patients, primarily in order to reduce the risk
of dangerous complications."?

None of the currently available direct antiviral agents
proved able to prevent severe complications of influenza. The
amantadine group of medicines (amantadine, rimantadine)
blocks the replication of type A viruses and is effective in
70%-90% of cases if administered as a prophylactic measure.
At the same time, these agents have demonstrated up to 100%
resistance since 2009. Additionally, the implementation of
these drugs is limited because of side effects. On the other
hand, neuraminidase inhibitors show their action when the
infection has already attacked the organism and spread.
However, the effect extends exclusively to influenza.®”

IFN-vy acts not only as a preventive drug protecting cells
against viral agents, but at the same time modulates immune
response of the infected cells.

The preventive efficacy of IFN-y in healthy adults has
been demonstrated in a placebo-controlled clinical study, in
which ILI incidence was reduced 2.2 times (P<0.05) during
the administration period, and 1.9 times (£<0.05) within a one-
month follow-up period after the administration, compared to
the control group. On the base of this study, a positive budget
impact for the health care system was shown with a subsequent
43% reduction in the estimated economic burden of influenza
accompanied by a decrease in direct and indirect economic
losses. Thus, the results of budget impact analysis confirmed
the inclusion of Ingaron into complex influenza therapy as a
cost-effective measure.?"

Preclinical in vitro research into IFN-y antiviral activity
was conducted for the avian type of influenza (HSN2 subtype).
Results showed a reduction in the cytopathic action of the
avian influenza virus. Further studies are required to prove this
data in humans.

It should be emphasized that the study described in
the article recruited average-aged and healthy adults with
no concomitant pathology. Our study was not aimed at
investigating the effects of the drug on other groups of patients,
including high-risk categories (children, pregnant women or
elderly people). Further large-scale studies are required to
confirm the obtained results in larger numbers of patients of
all the ages and clinical conditions.

In conclusion, we have described the results of the
clinical trial for treatment efficacy and safety evaluation of a
range of daily doses of IFN-y. The obtained data show that the
inclusion of IFN-y in the complex therapy of ILI in the early
period of the disease (up to 48 hours) in adults can decrease
the period of clinical symptoms (P<0.05), VAD (P<0.05), the
incidence of complications (P<0.05) and, therefore, reduce

the duration of the patient’s stay on the sick-list.

Thus, IFN-y can be recommended for the treatment of
ILI in the dose of 2-3 drops into each nasal passage 5 times per
day daily for 5 days due to its high antiviral and detoxification
efficacy.
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