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Abstract

Introduction. Secondary bacterial pneumonias are complications responsible for most fatalities following influenza
infection, and antiviral drugs are used to prevent their development.

The aim of the study is to evaluate the efficacy of tilorone and its combination with antibacterial agents in a murine
model of secondary bacterial pneumonia caused by Staphylococcus aureus after influenza infection.

Materials and methods. BALB/c mice were infected with influenza virus A/California/04/2009 (pdm H1N1 2009)
virus, followed by S. aureus infection four days later. Treatments included the interferon inducer tilorone, comparator
oseltamivir, antibacterial agents cefuroxime and amoxicillin, or combinations of antivirals with antibiotics. Efficacy
was assessed by increased survival, reduced weight loss, and inhibition of pathogen proliferation in the lungs.
Results. The efficacy of tilorone, as indicated by increased survival, reduced weight loss, and decreased pathogen
load in the lungs, in a mouse model of secondary bacterial pneumonia following influenza infection, increased with
reducing viral dose, and intraperitoneal administration of the drug was more effective than oral administration. The
combination of tilorone with the antibiotic cefuroxime, to which S. aureus was sensitive, was more effective than
either agent alone and completely protected animals from death and from viral and bacterial proliferation in the
lungs. In contrast, the combination with amoxicillin, to which S. aureus was resistant, had no effect on disease
outcome.

Conclusion. The efficacy of tilorone in this model depended on viral dose and drug administration route. Combining
tilorone with cefuroxime was more effective than monotherapy.
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A dheKkTUBHOCTb MHAYKTOPA MHTEPEePOHOB TUNOPOHA

M ero KOMObMHauum ¢ aHTubGaKkTepuanbHbIMU NpenapaTamMm
Ha Moaenu BTOpUYHOMN GakTepuanbHOU NHEBMOHUU MbILLEMN,
BbI3BaHHOW S. aureus nocre rpunno3Hou NHgekuumn

danbiHckoBa U.H. |, NMopomos A.A., Muxannosa H.A., Kaptawosa H.l1., Mny6okosa E.A.,
MeaHuHa A.B., l'ygosa H.B., JleHeBa N.A.

OIrBHY «Hay4Ho-MccnenoBaTenbCKUn MHCTUTYT BaKLUMH U CbIBOPOTOK M. U.W. MeuHukoBay, 105064, r. Mocksa, Poccusi

Pestome

BBefeHue. BTopuyHble GakTepuansHble MHEBMOHUM — OCHIOXHEHNS!, Bb3bIBalOLINE GOMbLIYI0 YacTb CMEpTENb-
HbIX MCXOQ0B MOCMe rpyunno3Hon UHdEKUMK, AN NpeaoTBpaLleHnst pa3BUTUSA KOTOPbIX NPUMEHSIT NPOTUBOBM-
pycHble npenaparbl.

Lenb: usyyeHne apHeKTUBHOCTM TUMOPOHA M ero KoMBrHaummn ¢ aHTMbakTepmanbHbIMKU NpenapaTtaMmm Ha Mo-
[env BTOpNYHOM BakTepranbHON MHEBMOHUM MblLIE Nocne rpunno3Hon nHdekumu, BoidaBaHHon Staphylococcus
aureus.

Martepuanbl n metoabl. Mbiwert BALB/c nidmumposanu supycom rpunna A/Kanndopruma/04/2009 (nHam H1N1
2009), a yepes 4 cyT — S. aureus. JleyeHne NpoBOAMNN NHOYKTOPOM UHTEPCEPOHA TUITOPOHOM, NpenapaToM cpas-
HEeHWUsi OcenLTamMm1BUPOM, aHTUBaKTepmansHeIMU NpenapaTamm LiedpypoKCUMOM M aMOKCULIMIINIMHOM Ui KOMBUHa-
LMSIMU NMPOTUBOBUPYCHBIX NPEnapaToB ¢ aHTMOMOTMKaMU. OPPEKTUBHOCTL NIEHYEHMS OLEHMBANM NO YBENUYEHUIO
BbDKMBAEMOCTU, CHUXKEHUIO MOTEPU Macchbl Tena, NPeaoTBpaLLeHUo PasMHOXKXEHUS BUPYCa U BakTepuii B NErkux.
PesynkTatbl. O(hheKTMBHOCTL TUMOPOHA yBENMYMBanach ¢ yMeHbLUEHWEM A03bl BUpYca, @ BHYTpUBpHOLWNHHOE
BBeAeHue 6bino addekTnBHee nepopanbHoro. KombuHauusa TunopoHa ¢ aHTMOMOTMKOM LedypPOKCUMOM, K KO-
Topomy Obin yyBcTBUTENEH S. aureus, Gbina adpdekTMBHEE, YEM MPUMEHEHNE KaXA4oro npenapara OTAENbHO,
1 NOMHOCTLIO 3aluMLLana XMBOTHBIX OT rmMbenn U pa3MHOXeHUs Bupyca u BakTepuin B nerkvx, a kombuHauuns
C aMOKCULIUIITMHOM, K KOTOPOMY S. aureus yCTOW4YMB, HE BNUsina Ha ncxod 3abonesaHus.

3akntoyeHne. OPDEKTUBHOCTb UHAYKTOPA MHTEP(EPOHOB TUMOPOHA Ha MOAENW BTOPUYHOW OakTepuanbHON
NHEBMOHMW MbILLEW NOCMEe rPUMNNO3HON MHEPEKLIMIN 3aBUCENa OT 3apaxaroLlen 4o3bl BUupyca 1 cnocoba BBegeHUs
npenapata. lNpuMeHeHne KoMBUHaLMKM TUOPOHA C LedypOKCMMOM Moka3ano 6ornee BblpaxeHHy addeKTns-
HOCTb, YeM KaxJoro npenapara oTAeNbHo.

KnroueBble cnoBa: supyc epunna; Staphylococcus aureus; emopuyHble bakmepuaribHbie MHe8MOHUU ocse
2punmnosHol UHGheKyuu,; muriopoH

Onsa uutnpoBaHusa: PanbiHckoBa W.H., Mopomos A.A., Muxannosa H.A., Kaptawosa H.I1., ny6okosa E.A., Ba-
HuHa A.B., l'ynosa H.B., lleHeBa U.A. O eKkTBHOCTb MHOYKTOPA UHTEPKEPOHOB TUMOPOHA N ero KoMBuHaLum
C aHTMbaKkTepuanbHbIMK NpenapaTaMmu Ha Mogenu BTOPUYHOM GakTepuanbHON MHEBMOHWUW MblLLEW, BbI3BAHHOM
S. aureus nocne rpunnosHon nidekunn. Bonpocs! supyconoauu. 2026; 71(1): 73-82.
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®duHaHcuMpoBaHue. ABTOPbI 3as9BMAT 06 OTCYTCTBMU BHELLHEro (oMHaAHCUPOBAHUS MPY NPOBEAEHUN UCCIe0BaHMS.
KoHdnuKkT nHTepecoB. ABTOpbI 3asiBNSOT 06 OTCYTCTBUM KOHGIUKTA UHTEPECOB.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHANBHBIX Y HALMOHAanNbHbIX CTaHAapTOB
Mo UCMONb30BaHWI0 NabopaTopHbIX XXUBOTHBIX B COOTBETCTBUM ¢ “Consensus author guidelines for animal use” (IAVES
23 July 2010). Mpotokon nccneposanus (Ne 15/2025 ot 24.10.2025) ogobpeH JlokanbHbIM 3TU4ECKMM KOMUTETOM
HUMBC nM. MeuHukoBa.

Introduction

Influenza is a respiratory disease whose annual
epidemics, according to the World Health Organization,
cause about 1 billion cases of infection worldwide [1].
Bacterial complications, primarily pneumonia, are
the main cause of death after influenza [2]. The
incidence of bacterial complications of influenza can
reach 20% [1]; according to Russian epidemiological
studies, it is 18% among outpatients from risk groups [3].
According to a meta-analysis of 135 studies (2010-
2020), bacterial co-infection is diagnosed in an
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average of 11% of hospitalized patients with influenza,
significantly worsening the prognosis and increasing the
risk of death by 3.4 times [4]. Staphylococcus aureus is
one of the most common causative agents of secondary
pneumonia [5, 6].

The mortality rate for secondary bacterial pneumonia
associated with influenza infection remains high despite
the use of antibacterial drugs [7], so limiting primary
influenza virus infection is necessary to prevent secondary
complications. In the clinical guidelines “Influenza in
Adults,” approved by the Russian Ministry of Health
on October 21, 2025, patients are recommended to use
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antiviral drugs, including drugs with immunomodulatory
properties, and in the development of viral-bacterial
pneumonia, to supplement therapy with antibacterial
drugs [8].

In Russia, interferon and its inducers are used for their
antiviral and immunomodulatory effects. Interferon in-
ducers cause the synthesis of endogenous interferon and
ensure the prolonged circulation of interferons, whereas
achieving similar concentrations with exogenous interfer-
ons requires multiple administrations of significant doses
of the drugs [9].

Tilorone is a low-molecular-weight synthetic interfer-
on inducer that stimulates the formation of alpha, beta,
gamma, and lambda interferons in the body. The main
structures that produce interferon in response to tilorone
administration are intestinal epithelial cells, hepatocytes,
T lymphocytes, neutrophils, and granulocytes. After oral
administration of the drug, maximum interferon produc-
tion is determined in the “intestine-liver-blood” sequence
after 4-24 hours [10]. IFN-A is the first line of defense of
the respiratory epithelium of both the upper and lower
respiratory tract against viral infections [11, 12]. Tilorone
has an affinity for the corresponding receptors on alveo-
lar macrophages and induces the formation of interferons
in the lungs [13, 14]. The mechanism of antiviral action
is associated with the inhibition of the translation of vi-
rus-specific proteins in infected cells!.

We previously developed a model of secondary vi-
ral-bacterial pneumonia in mice [15] to evaluate the
effectiveness of therapy with drugs that have different
mechanisms of action.

The aim of the study was to investigate the efficacy of
the interferon inducer tilorone and a combination of ti-
lorone with the antibacterial drugs cefuroxime and amox-
icillin in a model of secondary bacterial pneumonia in
mice after influenza infection.

Materials and methods

Pathogens. The influenza A/California/04/2009
(HINT1 2009) virus strain was obtained from the National
Influenza Center at the A.A. Smorodintsev Research
Institute ofInfluenza;strainS. aureusNo. 1986 wasobtained
from the Microorganism Collection of the I.I. Mechnikov
Research Institute of Virology and Immunology.

Laboratory animals. BALB/c female mice weighing 12—
14 g were purchased from the Andreevka Branch of the
National Center for Biomedical Technologies (NCBMT)
of the Federal Medical Biological Agency (FMBA) of
Russia and randomly divided into groups so that the
individual body weight did not deviate from the average by
more than + 10%. Each group contained 9 to 15 animals.
The study was approved by the Local Ethics Committee

'nstructions for medical use of the medicinal product Amixin®
(tilorone, LP No. (004817) (RG RU)) [Electronic resource].
Moscow: Ministry of Health of the Russian Federation, State
Register of Medicines / JSC Otisifarm Pro. Available at: https://grls.
pharm-portal.ru/grls/8a267191-4cf2-4d87-af75-64c2b971c787 (date
of access: 16.01.2026).

OPUTUHAJbHbBIE NCCNEAOBAHUA

of the Mechnikov Research Institute of Vaccines and Sera
(meeting protocol No. 15/2025 dated October 24, 2025).

Drugs. The drugs were purchased from a pharmacy
chain. Tilorone was crushed and dissolved in distilled
water. The control drug oseltamivir (Tamiflu capsules
containing 75 mg of oseltamivir; manufacturer Hoff-
mann-La Roche, Switzerland) was dissolved in distilled
water. Cefuroxime (powder for preparation of a solution
for intravenous and intramuscular administration Cefu-
roxime, containing 750 mg of cefuroxime; manufactur-
er PJSC Kraspharma, Russia) was dissolved in distilled
water. Amoxicillin (Flemoxin Solutab dispersible tablets
containing 125 mg of amoxicillin; manufacturer: Haupt
Pharma Latina, Italy) was dissolved in distilled water.

Determination of the effectiveness of tilorone and its
combination with antibacterial drugs in a model of sec-
ondary bacterial pneumonia in mice after influenza infec-
tion. Mice were infected intranasally under general gas
anesthesia with isoflurane with influenza virus at different
doses (from 10° to 10** TCID, /0.1 mL), and after 4 days —
with S. aureus at a dose of 2 x 10° CFU/mL. Treatment of
animals with tilorone ata dose of 30 mg/kg orally or 10 mg/
kg intraperitoneally was started 24 and 4 hours before vi-
rus infection, then the drug was administered 24 hours
after infection, with a total treatment duration of 3 days.
Therapy with oseltamivir was started 4 hours before viral
infection, then the drug was administered 4 hours after
viral infection, then twice a day, with a total treatment du-
ration of 5 days. Treatment with antibacterial drugs was
started 3 hours after infection with S. aureus and contin-
ued for 3 days, once a day. The drugs were administered
in a volume of 200 pL, and their doses were calculated
at 1 mg/kg of body weight per day. The mice were ob-
served daily for 16 days (Figs. 1, 2). The control group
of animals infected with influenza virus and bacteria re-
ceived 200 pL of distilled water as a placebo. Changes in
body weight were recorded as described in the study [15].
Six days after infection with the influenza virus (two days
after bacterial infection), three animals in each group
were euthanized and their lungs were removed to deter-
mine the bacterial content using the Petri dish culture
method with nutrient medium No. 10 (manufactured by
the State Research Center for Applied Biotechnology and
Microbiology) to identify S. aureus and the virus in MD-
CK cell culture, as described earlier [15].

The spectrum of sensitivity of the S. aureus 1986 strain
to antibiotics was determined by the disc diffusion method
in accordance with MG 4.2.1890-04 “Determination of
the sensitivity of microorganisms to antibacterial drugs.”

Performance evaluation criteria: clinical signs
(survival rate and weight loss); viral characteristics (virus
titer in the lungs); bacterial characteristics (bacterial
content in the lungs).

Statistical data processing was performed using
Statistica 10 software. For intergroup comparisons of
quantitative indicators presented as mean values with
standard deviation, Dunn’s nonparametric test with
Bonferroni correction was used, and preliminary analysis
was performed using the Kruskal-Wallis criterion. Nonlinear
four-parameter logistic regression was used to compare
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Fig. 1. Study design for evaluating the efficacy of tilorone at different infectious doses in a secondary bacterial pneumonia model following
influenza infection.

Puc. 1. Cxema 3KcriepuMEHTa 0 U3y4eHHUIO 3 GEKTUBHOCTH THIIOPOHA MIPH PA3IMYHBIX 3apakalollnX J03aX Ha MOJIEIN BTOPHYHON
GakTepHaIbHON ITHEBMOHUH I10CIIE TPHIIIO3HOH HH(EKIUH.
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Fig. 2. Study design for evaluating the efficacy of tilorone and its combination with antibacterial agents in a secondary bacterial pneumonia
model following influenza infection.

Puc. 2. Cxema sKcriepuMeHTa 0 H3y4eHHIO Y (HEKTUBHOCTH THIOPOHA U €r0 KOMOMHAINHY ¢ aHTHOAKTePHAIBEHBIMU IIPEIapaTaMy Ha MOJCITH
BTOPUYHOM OaKTepUaIbHON MHEBMOHUY 11OCJIE TPUIIIO3HON HHEKIHH.

changes in body weight and survival between groups.
Survival curves were constructed using the Kaplan—Meier
method. Differences were considered statistically significant
at p < 0.05. The virus titer in the lung homogenate was
calculated using the Reed and Mench limit serial dilution
method [16], expressed in Ig TCID, /mL, and a difference of
more than 2 log10 was considered significant [17].

Results

Study of the effectiveness of tilorone at different
infectious doses of the influenza virus

The efficacy of tilorone was studied in a mouse model
of secondary bacterial pneumonia in three experiments
(Fig. 1) with different infectious doses of the virus: high
(10*2 TCID_ /0.1 mL), medium (10* TCID, /0.1 mL), and
low (10° TCID, /0.1 mL). The infecting dose of S. aureus
for all experiments was 2 x 10° CFU/mL.

At a high infecting dose (10** TCID, /0.1 mL),
combined sequential infection with pathogens resulted in
the death of 93% of animals by the end of the experiment;
body weight loss reached 15-18% by 9-11 days.
Treatment with tilorone, both orally and intraperitoneally,
as well as with oseltamivir orally, was ineffective; animal
mortality and body weight loss were comparable to those
in the control group.

Given the lack of effect of the drugs, in the next
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experiment, the virus infection dose was reduced (10*
TCID. /0.1 mL). In the control group, 90% of the
animals died on the 8th day after viral infection. The
effectiveness of treatment with all drugs was higher when
the infectious dose was reduced: oral administration of
tilorone protected half of the animals in the group from
death, and intraperitoneal administration completely
protected all animals from death. Oral administration of
oseltamivir increased survival to 80%. The results of the
lung study corresponded to the survival data: Tilorone
therapy reduced the virus titer by 34 log10 TCID, /0.1
mL and the bacterial density in the lung homogenate
by 2 logl0 CFU/mL with intraperitoneal administration
compared to untreated control animals (Table 1, Fig. 3).

With a further reduction in the infectious dose
to 10° TCID, /0.1 mL, 67% of animals in the control group
died. Oral administration of tilorone protected 89% of
animals from death, while intraperitoneal administration
of tilorone and oral administration of oseltamivir
completely prevented the death of the study animals and
the reproduction of pathogens in the lungs.

Thus, the interferon inducer tilorone was effective in
a model of secondary pneumonia caused by infection
with A/California/04/2009 followed by infection with
S. aureus, both when administered intraperitoneally and
orally. The effectiveness of treatment increased with
a decrease in the infecting dose of the virus. Tilorone
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therapy prevented the death of mice, reduced their weight
loss, and also reduced viral replication in the lungs.

Study of the effectiveness of combined use of tilorone
and antibacterial drugs in a model of secondary
pneumonia in mice after influenza infection

To study the combined effect of tilorone with
antibacterial drugs, an average infecting dose
of 10* TCID,/0.1 mL was selected, since in a previous
experiment, oral administration of tilorone at this dose
was effective in killing 90% of the animals in the control
group. Oseltamivir was administered at a dose of 10 mg/
kg, and the dose of tilorone was reduced to 15 mg/kg.

One of the problems in combating bacterial
complications is the increase in bacterial resistance to
antibacterial drugs. In this regard, information about
the sensitivity of the pathogen to different types of
antibacterial agents is necessary to select the appropriate
drug. Studies of the sensitivity spectrum of the
S. aureus 1986 strain to antibacterial drugs have revealed
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the resistance of bacteria to amoxicillin and azithromycin.

Thus, two antibacterial drugs were selected for the
study: cefuroxime at a dose of 20 mg/kg as the antibiotic
to which the studied S. aureus strain was found to be
sensitive; as the antibiotic to which resistance was
detected, amoxicillin at a dose of 20 mg/kg.

Complete death of animals in the control group was
observed on the 9th day after viral infection (Table 2). The
use of both antiviral and antibacterial agents increased
survival by no more than 20%, did not prevent weight
loss in animals, and did not reduce viral replication in
the lungs. Antiviral drugs alone, as well as amoxicillin, to
which S. aureus was found to be resistant, had no effect
on the bacteria in the lungs. Furthermore, the combined
use of tilorone and oseltamivir with amoxicillin did not
affect the survival of mice or the replication of the virus
in the lungs of mice.

The use of cefuroxime reduced the number of bacteria
by 100 times, and its combination with tilorone or
oseltamivir increased survival to 80-100%, completely

Table 1. Efficacy of tilorone in different routes of administration and different infection doses of influenza virus A/HIN1/California/04/2009
(2009 HIN1 pandemic strain) in a secondary bacterial pneumonia murine model

Tadauna 1. DhPeKTHBHOCTD THIOPOHA IIPH Pa3HBIX CIIOCO0aX BBEICHHMS M 3apakarolinXx jo3ax Bupyca rpumnma A/Kamdopuus/04/2009
(maam HIN1 2009) Ha Mozenu BTOpUYHOW OaKTepHaibHON THEBMOHUH Y MBIIICH

Survival rate Viral titer, Bacterial count,
Group Drug BrukusaemocTh log10 TCID, /0.1 mL log10 CFU/mL
I'pynma IIpenapar surviv./all Tutp BUpycCa, Coneprxanue GakTepuid,
KHB./OBILL. % lg TLJL, /0,1 Mn lg KOE/mn
Tiloron, oral, 30 mg/kg 2/15
TunopoH, nepopaiibio, 30 Mr/kr (»=0.55) 13.3 6.7+0.6 3-5£0.1
) Tiloron, intraperitoneal, 10 mg/kg 4/15 % %
High dose TusnopoH, BHyTpHOpIOIIKUHHO, 10 MI/KT (»=0.15) 26.7 6.3£0.6 3-29£02
(10**TCID, /0.1 mL) —
Bhoicokas 103a Oseltanivir, oral, 20 mg/kg 5/15 333 63+0.6 551406
(10* TLU/, /0,1 m) OcenbTaMuBHp, HEPOPAIBHO, 20 MI/KT (»=0.07) ’ ’ ’ ’ ’
Control A/California/04/2009 + S. aureus
Konrpoib 1/15 6.7 70 5.6+0.1
A/Kamupopuus/04/2009 + S. aureus
Tiloron, oral, 30 mg/kg 5/10 $x %
Tunoposn, nepopansro, 30 Mr/kr (p=0.05) 50.0 4005 S15£01
) Tiloron, intraperitoneal, 10 mg/kg 10/10 s %
Medium dose TunopoH, BHyTpHOpIOMMHHO, 10 MI/KT (»=0.001) 100.0 3.2£03 3.35£0.04
(10* TCID, /0.1 mL) —
Cpemsist 1032 Oseltanivir, oral, 20 mg/kg 8/10 0.0 39 4 g 349+ 0.0]%*
(10* TLU[ /0,1 M) OcenbraMHuBHUD, IEpopasibHO, 20 MI/KT (»=10.001) ) : ’ ’
Control A/California/04/2009 + S. aureus
Konrpois 1/10 10.0 6.7+0.6 5.68 £0.05
A/Kanudpopuus/04/2009 + S. aureus
Low dose Tiloron, oral, 30 mg/kg 8/9 89.0 He BoisiBneHO He BoisiBiIeHO
(10° TCID, /0.1 mL) Tunopow, nepopaisao, 30 Mr/kr (p=0.01) ’ Not detected Not detected
gl’é?flf‘ﬂ IZ/[I())13a 0.1 1) Tiloron, intraperitoneal, 10 mg/kg 9/9 (p = 0.001) | 100.0 He BbIsBIEHO He BbisBIIEHO
S0 TusnopoH, BHyTpHOprOIIKHHHO, 10 MI/KT ) ’ Not detected Not detected
Oseltanivir, oral, 20mg/kg 10/10 100 He BoisiBneHO He BoisiBIICHO
OcensraMHuBUD, TEpopasibHO, 20 MI/KT (»=10.001) Not detected Not detected
Control A/California/04/2009 + S. aureus
Konrpoib 3/9 33 58+0.3 4.5+0.1
A/Kamupopuus/04/2009 + S. aureus

Note. Comparison of treatment groups with control, using the Mann—Whitney test with Bonferroni correction: * — p < 0.05; ** — p <0.01.

IMpumeuanne. CpaBHeHHE IPYIII TEPAITU ¢ KOHTPOJIEM, KpuTepuit ManHa—YuThu ¢ nonpaskoit bondepponu: * —p < 0,05; ** —p <0,01.
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Fig. 3. Survival rate (a) and weight change (b) during tilorone treatment at high (10** TCID, /0.1 mL), medium (10* TCID, /0.1 mL), and
low (10*TCID, /0.1 mL) infectious doses of Influenza A/California/04/2009 (pdm HIN1 206@) in a secondary bacterial pneumonia model
following influenza infection.

Puc. 3. BoixupaeMoCTh MblllieH (@) U H3MEHEHUE MAcChl TeNa (6) MPH JIEYEHUH THIOPOHOM HpH Bbicokoi (10* TLU/L, /0,1 mu), cpenneit
(10* TUU M, /0,1 mon) m muskoit (10° T, /0,1 M) 3apakaromeii nose Bupyca rpunna A/Kamudopansa/04/2009 (maam HINT 2009)
Ha MOJICJIH BTOPUYHON OaKTepHaIbHONW THEBMOHHH MOCIIE TPUMIIO3HON HHOEKIIHH.
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Table 2. Effect of combined antiviral and antibacterial therapy on survival, viral and bacterial titers in the lungs during treatment of secondary bacte-

rial pneumonia caused by S. aureus following influenza infection

Tabsuua 2. Biusaue KoMOMHAIMY IPOTHBOBUPYCHBIX M aHTHOAKTEpHAIBHBIX PEHNapaToB Ha BBDKHBAEMOCTb, THTPHI BUPYCOB U OaKTepHUil B IETKHX
IIPY JIGUCHUH BTOPUYHOM OaKTepHaibHOI MTHEBMOHHH, BBI3BAHHOM S. aureus 1ocie rpuino3Hoi HHpeKn

Survival o Bacterial count.
Group BBIKHBAEMOCTD Viral titer, log10 EID, /0.1 mL log10 CFU, /mL,
I'pynma JHB./06LL, ) g ?{IFII/)IEHI/)(})’ Cla;vm Copneprxanue 6akrepuii,
surviv/all | 7 o lg KOE/mn
Amoxicillin, oral, 20 mg/kg 0/10 0 6.5+05 5544006
AMOKCHLIMIIIHH, TIepopaibHo, 20 MI/Kr ’ ’ ' ’
Cefuroxime, oral, 20 mg/kg 2/10 *
Lledypoxcum, nepopaibHo, 20 MI/Kr (» =10,150) 20 3:0£05 3.37+0.18
Oseltamivir, oral, 10 mg/kg 2/10
OcenbraMuBUD, MepopasibHo, 10 MI/kr (» =0,150) 20 3.7+0.3 >.7+0.14
Tiloron, oral, 15 mg/kg 2/10
Tunopow, neopaisHo, 15 Mr/kr (p=0,150) 10 6.3+06 3-52£0.11
Oseltamivir, oral, 10 mg/kg + Cefuroxime, oral, 10 mg/kg He BEISIBICHO He BBISIBICHO
OcenbraMuBUD, nepopaiibHo, 10 Mr/kr + nedypokcum, 10/10 100
nepoparsHo, 10 Mr/ir Not detected Not detected
Oseltamivir, oral, 10 mg/kg + Amoxicillin, oral, 10 mg/kg 2/10
OcenbraMuBHUp, epopanbHo, 10 MI/Kr + aMOKCHIIMILINH, (p = 0,150) 20 5.8+0.3 5.62 £0.05
nepopaibHo, 10 Mr/kr ’
Tiloron, oral, 15 mg/kg + Cefuroxime, oral, 20 mg/kg 3/10 He BEISIBICHO He BESIBICHO
%‘gﬁ)r};g:l, nepopanbHo, 15 MI/Kr + 1edypoKCHM, epopaibHo, (p = 0,001 80 Not detected Not detected
Tiloron, oral, 15 mg/kg + Amoxicillin, oral, 20 mg/kg 2/10
TusopoH, nepopaiibHo, 15 MI/Kr + aMOKCHIIMILINH, (p = 0,150) 20 6.2+0.3 548 £0.11
nepopabHo, 20 Mr/kr ’
Control A/California/04/2009 + S. aureus 0/10 0 67406 543401

Koutpons A/Kamuhopuus/04/2009 + S. aureus

Note. Comparison of treatment groups with control, using the Mann—Whitney test with Bonferroni correction: * — p < 0.05.

Mpumeuanue. CpaBHEHHUE TPYII TEPAMUK C KOHTPOJeM, kputepuii Manna—YutHu ¢ nonpaskoit bordepponu: * — p < 0,05.

prevented weight loss in animals, and completely
suppressed the reproduction of the virus and bacteria in the
lungs, indicating the additive nature of both combinations
(Table 2, Fig. 4).

Thus, combined treatment with tilorone and the
antibacterial drug cefuroxime showed greater efficacy
than treatment with each drug separately.

Discussion

in a murine model of secondary bacterial pneumonia
following influenza infection, it was shown that the ef-
ficacy of the interferon inducer tilorone, expressed as
increased survival, reduced weight loss, and reduced
pathogen content in the lungs, increased with reducing
virus dose and intraperitoneal administration was more
effective than oral administration.

The combination of tilorone with the antibacterial drug
cefuroxime, to which the studied strain of S. aureus was
sensitive, resulted in complete protection of animals
from death, complete suppression of virus replication,
and elimination of bacterial colonization of the lungs. In
contrast, the combination of tilorone with amoxicillin,
to which the pathogen was resistant, had no therapeutic
effect. This highlights the importance of selecting an ap-
propriate antibacterial agent based on the sensitivity of
the pathogen and the promise of a strategy combining

antibiotics and antiviral drugs for post-influenza bacte-
rial complications. A similar study previously showed
that combination therapy with oseltamivir and ampicillin
resulted in 100% survival in mice sequentially infected
with S. pneumoniae after influenza A/Puerto Rico/8/34
(HINT) virus [18]. Experimental results in a mouse mod-
el of secondary bacterial pneumonia were consistent with
clinical observations: combination therapy of severe in-
fluenza with oseltamivir and antibiotics suppressed the
inflammatory response, reduced the length of hospital
stay, and decreased the frequency of admissions to the
intensive care unit [1].

Tilorone stimulates the production of endogenous inter-
ferons of all major types (a, B, v, and 1) and activates mac-
rophages, NK cells, and T lymphocytes, which may ex-
plain its contribution to the increased effectiveness of com-
bination therapy. Of particular importance is the induction
of IFN-A in lung tissue, which has a pronounced antiviral
and anti-inflammatory effect at the level of the respiratory
epithelium [9, 11]. In the context of secondary viral-bacte-
rial infection, such activation of immune mechanisms con-
tributes to limiting virus replication, restoring the barrier
function of the mucosa, and increasing the effectiveness of
antibacterial therapy. Previously, in a similar model, it was
shown that intranasal administration of IFN-A was associ-
ated with a decrease in the bacterial load in the lungs and a
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Fig. 4. Survival rate (a) and weight change (b) during treatment with tilorone and oseltamivir at different infectious doses in a secondary
bacterial pneumonia model following influenza infection in mice.

Puc. 4. BepkuBaeMocTh MbIIIeit (a) 1 N3MEHEHNe Macchl Tena (0) Mpy JISYeHHH THIIOPOHOM M OCEIFTaMUBHPOM IIPH Pa3IMIHbBIX
3apakaroluX 103aX Ha MOJIENI BTOPHYHOM OaKTepualbHON THEBMOHHH TTOCIIE TPUNTIO3HON HHGEKINH Y MBIIIEH.

reduction in the weight loss of animals, which corresponds

to our data [11].

The experimental data obtained can serve as a basis for
developing combined therapy regimens for influenza and
its bacterial complications, aimed at improving treatment

80

efficacy and reducing the risk of developing antibiotic re-
sistance.
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