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Asthma after COVID-19

Prikhodko A.G., Pirogov A.B., Gassan D.A., Perelman J.M.

Far Eastern Scientific Center of Physiology and Pathology of Respiration
22 Kalinin St., 675000 Blagoveshchensk, Russian Federation

ABSTRACT

Aim. To study the content of interleukin 1p (IL-1B) in exhaled breath condensate (EBC) and interleukin 6 (IL-6)
and 17A (IL-17A) in the blood serum of patients with bronchial asthma who experienced COVID-19 of varying
severity.

Materials and methods. We examined 124 adult asthma patients of both sexes 6—12 months after COVID-19. The
design included a general examination to determine the objective status of patients, asthma severity and control,
assessment of the lung function, and measurement of IL-1f in EBC and IL-6, IL-17A in the serum of peripheral blood.

Results. The patients were divided into 2 groups. Group 1 consisted of 90 patients with mild persistent asthma.
Group 2 included 34 patients with moderate asthma. The content of IL-6 and IL-17A in the blood serum of patients
in group 1 was significantly lower than in group 2 (p = 0.047 and p = 0.049, respectively). The concentration of
IL-1P in the EBC of patients in group 1 was significantly higher than in group 2 (» = 0.019). COVID-19-associated
pneumonia was experienced by 40% of patients in group 1 and by 79% of patients in group 2. Post-COVID
pulmonary fibrosis was registered in 19 and 62% of cases, respectively. In group 1, a relationship was revealed
between the content of IL-17A and IL-6 in the blood (Rs = 0.69; p < 0.001). In group 2, a correlation was found
between the content of IL-17A and IL-6 in the blood (Rs = 0.32; p =0.025), as well as between the forced expiratory
flow at 75% of forced vital capacity (FEF_,), reflecting the patency of small bronchi, and the levels of IL-6 (Rs =
—0.32; p =0.023) and IL-1B (Rs = 0.49; p = 0.021).

Conclusion. In patients who experienced COVID-19, a rise in the content of Th1/Th17 cytokines was observed
as the severity of asthma increased. High concentrations of IL-17A and Th17-associated IL-1p and IL-6, which
activate neutrophilic inflammation, may increase the risk of systemic inflammation and the development of
pulmonary fibrosis.
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Lutoknubl Th1/Th17 nmmyHHOro orseta y 601bHbIX 6pOHXNaNbHOMN
acTMOM nocsne nepeHeCeHHON KOpoHaBupycHon 6onesHmn 2019

Mpuxopabko A.l',, Muporos A.b., Naccan [1.A., NMepenbmat [0.M.

JanvHesocmounviii HayuHblil yermp guzuonoeuu u namonocuu ovixanus (JJHL] @I1/])
Poccus, 675000, Amypckas oba., e. Bracosewenck, yn. Kanununa, 22

PE3IOME

Henw. Uccnenosats copepxanue untepieikuna (IL) 15 6 kondencame gviovixaemoeo 6o30yxa (KBB) u IL-6, IL-
174 6 cbiopomxke kpogu 'y TallMEHTOB ¢ OpoHXuanbHOH acTMoii (BA), mepe6oneBIINX KOPOHABUPYCHOH O0IE3HBIO
2019 (coronavirus disease 2019, COVID-19) pa3Hoii cTeneHn TSHKECTH.

Marepnajbl 1 MeToabl. B3pocnsie namuenTs ¢ BA (n = 124) o6oero nona o6cienoBans! ciryctst 9—12 mec mo-
cie nepenecenHoit COVID-19. /Tuzaiin npeaycMaTpuBa O0IIHiA OCMOTP € ONpeieieHHeM 00bEeKTHBHOTO CTaTyca
OOJIBHBIX, CTEeNeHN TsDKecTH BA, ypoBHSI KOHTpPOJIS HaJl OOJIE3HBIO, OLEHKY BEHTHJIALMOHHON (QDYHKIMU JETKHX,
n3mepenue cogepkanust IL-13 8 KBB u IL-6, IL-17A B ceIBOpoTKe neprdeprnieckoil KpoBH.

Pe3yabTaThl. bonbHbIe pacnpeneneHs! Ha ABE TPYHIEL 1-10 rpymmy cocTaBmian 90 ManueHToB ¢ JEerKoi mepeu-
ctupyromeit BA, 2-1o rpynmy — 34 manuenTa co cpeguersokenoi BA. Conepxanne IL-6 n IL-17A B ceiBopoTke
KPOBH MAIMEHTOB 1-i rpyIITel OBLIO TOCTOBEPHO HIXKE, ueM Bo 2-if (p = 0,047 u p = 0,049 cooTtBercTBeHHO). KOH-
nentpanus IL-15 8 KBB y nauuenrtos 1-if rpynmsl Oblia CyIecTBEHHO BBIIIE, 4eM Bo 2-if rpynme (p = 0,019). B
1-# rpynme 40% GonpHbIX 1 79% Bo 2-if nepenecin COVID-19-acconumpoBaHHy 0 THEBMOHNUIO. I10CTKOBUIHBIH
MHEBMO(GHOPO3 3aperucTpupoBaH B 19 n 62% ciydaeB COOTBETCTBEHHO. B 1-if rpymme npociiexiBanach B3anMOC-
Bs13b Mexay conepxkanuem IL-17A u IL-6 B xpoBu (Rs = 0,69; p < 0,001), Bo 2-if rpyIme — MEXIy COAEpKaHHEM
IL-17A u IL-6 B kpoBH (Rs = 0,32; p = 0,025), a Taxke MeXIy MaKCUMaJIbHOW 0OBEMHON CKOPOCTHIO Ha YPOBHE
75% QopcupoBanHoi Ku3HEHHON emkocTh nerknx (MOC, ), oTpakaronielt TpOXOAMMOCTE MEJIKHX OPOHXOB, U
ypoBaeM IL-6 (Rs =-0,32; p = 0,023) u IL-1p (Rs = 0,49; p = 0,021).

3axiouenue. Y manuenTtos, neperecmux COVID-19, no mepe Hapactanus crenenu Tsbkectu BA Habmoganocs
yBenuueHne coaepykanust tuToknHoB Th1/Th17. Beicokne xoHuentpammu 1L-17A n Thl7-cBs3annsix IL-13 u
IL-6, akTHBHPYIOLINX HEHTPOGUIBHOE BOCHANICHHE, MOTYT ITOBBIIIATH PUCK CUCTEMHOT'O BOCIIAJICHUS U Pa3BUTHS
mHEeBMO(HOpo3a.

Kawuessle ciioBa: 6ponxuansaas actma, COVID-19, nwuroxunst IL-1f, IL-6 u IL-17A, Th1/Th17-uanyuuposan-
HO€E BOCIIAJICHHUE

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n141<aunefz’1 HaCTOSIH.[efI CTaTbHu.

HcTounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIISIOT 00 OTCYTCTBHM (DHHAHCHPOBAHUS IPH MPOBEICHHN HUCCIEN0-
BaHMSI.

CooTBeTcTBHE NMPUHIMINIAM ITHKH. Bce mauneHTs! noamnucany HHGOPMUPOBAHHOE COTJIaCHE HA y4acTHE B HC-
cnenoBanuu. VccnenoBanue ogoOpeHO JokanbHBIM 3THUeckuM KomuteroM JIHIL ®II/I (mporokom Ne 137 ot
24.05.2022).

Jst uutupoBanus: [puxonsko A.I'., IInporoB A.B., I'accan JI.A., ITepensman FO.M. Luroknust Th1/Th17 um-
MYHHOTO OTBETa y OOJBHBIX OPOHXMAILHON acTMOM TOCIIe TIEPEHECEHHON KOpOHaBUpYCHOU Oone3nu 2019. bror-
semeHd cubupckou meouyunsvl. 2026;26(1):96—104. https://doi.org/10.20538/1682-0363-2026-1-96-104.

INTRODUCTION

Studies investigating the cooccurrence of bronchial
asthma (BA)and COVID-19 have shown that older age,
a large number of comorbidities, as well as eosinopenia
and lymphopenia significantly increase susceptibility
to SARS-CoV-2 infection [1]. It is hypothesized that

diabetes mellitus and hypertension may upregulate
the expression of angiotensin-converting enzyme 2
(ACE2), whereas the use of inhaled corticosteroids
contributes to its downregulation, thereby hindering
SARS-CoV-2 entry into the epithelium [2]. Significant
factors for mortality among patients with COVID-19
and BA include a history of asthma exacerbation
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within a year prior to COVID-19 and an increase in
asthma severity [3].

Of particular note is the increased susceptibility
to SARS-CoV-2 in patients with non-allergic BA.
This phenotype is frequently associated with severe
COVID-19, necessitating intensive care, mechanical
ventilation, and / or leading to a fatal outcome [4, 5].
This observation can be explained by higher ACE2
expression levels in these patients compared to those
with the allergic asthma phenotype [6, 7].

The critical course of COVID-19, driven by
the cytopathic effect of SARS-CoV-2 on target
cells expressing ACE2 receptors and coreceptors —
transmembrane serine protease TMPRSS2 and
cathepsin L —leads to the release of damage-associated
molecular patterns (DAMPs) and is accompanied by
the induction of cellular pyroptosis. The generation
of numerous inflammatory mediators, neutrophil
activation with the formation of neutrophil extracellular
traps (NETs) that contribute to lung epithelial cell
death, the development of macrophage activation
syndrome (MAS), hyperinflammation, and cytokine
storm are all associated with the overproduction of
IL-1B, IL-6, and IL-17 among other proinflammatory
cytokines [8—10]. In patients with non-allergic BA,
IL-1B, IL-6, and IL-17 act as central regulators of
Th2/Th17 or Th1/Th17 inflammatory patterns with
predominant bronchial neutrophilic infiltration [11].
Severe uncontrolled non-atopic asthma is dominated
by a Thl/Thl17 immune response and increased
production of proinflammatory cytokines in the
airways, which modify the respiratory tract structure,
potentiate remodeling and bronchial obstruction, and
cause a decrease in forced expiratory volume in 1
second (FEV ) [12, 13].

Since IL-1B, IL-6, and IL-17 are key players
in systemic inflammation and complications of
COVID-19, as well as in the Thl1/Thl7 immune
response in BA, profiling these cytokines in patients
with both diseases holds significant prognostic value.

The aim of the study was to investigate the levels
of IL-1PB in exhaled breath condensate and the levels
of IL-6 and IL-17A in serum in patients with BA of
varying severity who recovered from COVID-19.

MATERIALS AND METHODS

A total of 124 adult patients with BA were
enrolled in a single-center, observational, cross-
sectional, cohort study 9—12 months after a confirmed
COVID-19 infection. The diagnosis of BA was based
on the ICD-10 codes and the GINA criteria [14].

A prior COVID-19 infection was confirmed using
medical records, which documented the verification
of SARS-CoV-2 RNA in oropharyngeal and / or
nasopharyngeal swab specimens by nucleic acid
amplification tests or the detection of SARS-CoV-2
antigen by the immunochromatographic assay. The
COVID-19 diagnosis was established according to the
version of the temporary methodological guidelines
of the Russian Ministry of Health “Prevention,
Diagnosis, and Treatment of Novel Coronavirus
Infection (COVID-19)” that was in effect at the time
of the patient’s examination.

Clinical material was collected in 2022-2023
during patient visits at the Far Eastern Scientific
Center of Physiology and Pathology of Respiration.
The study was approved by the local Ethics Committee
at this Scientific Center (Minutes No.137 dated May

24,2022).
Inclusion criteria were the following: adult
individuals of both sexes; diagnosis of BA

corresponding to the ICD-10 codes J45.1, J45.8,
J45.9, persistent mild and moderate BA; a history
of COVID-19 of varying severity, confirmed by
laboratory methods; presentation for the study 9-12
months after the completion of COVID-19 therapy;
ability to technically correctly perform maneuvers
during instrumental testing; a written informed
consent to the examination.

Exclusion criteria: BA corresponding to the ICD-
10 code J45.0, severe BA; presence of comorbid
pathology and drug therapy that could lead to
distortion of the results of the collected biological
material analysis; lack of interest or failure to provide
a written informed consent.

Study design: patient selection at the stage of
presentation to the Far Eastern Scientific Center of
Physiology and Pathology of Respiration; general
examination with assessment of the objective status,
asthma severity, and level of disease control; evaluation
of lung function; collection of biological fluids —
peripheral blood and exhaled breath condensate (EBC).

Following the completion of sample collection, the
patients were divided into groups based on disease
severity: group 1 included 90 individuals with mild
persistent BA, and group 2 comprised 34 patients
with moderate disease severity. The main clinical
characteristics of the examined patients are presented
in Table 1.

BA symptoms were objectively assessed using the
validated questionnaires Asthma Control Test (ACT)
and Asthma Control Questionnaire (ACQ-5).

98 Bulletin of Siberian Medicine. 2026; 25 (1): 96-104



Original Articles

Table 1
Main Clinical Parameters of Patients with Bronchial Asthma
Parameter Group 1 Group 2 p
Age, years,
42[31;53 50[49;65 <0.001
Me[0,: 0] B33 [49:63]
BMI, kg/m?
? ’ 26.6[23.2;30.5] | 29.3[26.1;32.7 0.007
Me[0,: 0,) [ 12931 ]
Sex (male/female), % 49/51 44/56 >0.05
Proportion of <0.05;
smokers, % 2 38 1=4.6
Smoking, pack —
i 12[5;20 17[3;30 >0.05
years, Me [Q; O] [5:20] [3:30]
ACT score
’ 18[15;21 12[10;13 0.002
Me[0;: 0] 521 0131
ACQ-5 score
? 2.0[1.0;3.0 2.8[2.4;3.2 0.057
Me[0,: 0] [1.0:39] [(24:32]
Sa0,, %, Me[Q; O] 97[96;98] 96[94;97] <0.001
IgE, IU/ml
’ ’ 32[13;74 160[48;266 <0.001
Me[0;; 0] [13:74] [45:266]

Note. BMI — body mass index; ACT — Asthma Control Test;
ACQ-5 — Asthma Control Questionnaire-5; SaO: — oxygen saturation;
IgE — immunoglobulin E, p — the significance level for differences
between group 1 and group 2 (here and further).

Lung function was evaluated by spirometry
using the Easy on-PC electronic spirometer (ndd
Medizintechnik AG, Switzerland) equipped with an
ultrasonic flow sensor based on ndd True Flow™
technology. The measured parameters included forced
vital capacity (FVC), forced expiratory volume in one
second (FEV,), maximum forced expiratory flow at
50% and 75% of FVC (FEF, and FEF_, respectively),
and mid-expiratory flow between 25% and 75% of
FVC (MEF, ). The measurement and analysis of
the recorded parameters followed the methodological
guidelines for conducting studies and interpreting
results and quality standards recommended by the
Russian Respiratory Society, which are in line with
the standards of the American Thoracic Society (ATS)
and the European Respiratory Society (ERS) [15,
16]. The patient’s actual values were expressed as a
percentage of predicted values based on the European
Community for Steel and Coal (ECSC) reference
values for individuals over 18 years. Reversibility
of obstructive abnormalities was assessed via a
bronchodilation test using a short-acting f3,-agonist
(salbutamol 400 mcg) [15].

Additionally, patients in group 1 with FEV greater
than 75% underwent a bronchoprovocation test with
3-minute isocapnic cold air hyperventilation (20 °C)
to verify cold air hyperresponsiveness [17].

EBC samples were collected wusing the
ECoScreen II device (VIASUS Healthcare GmbH,
Germany). Collection was performed once before
noon or sequentially before and after the cold air
hyperventilation challenge test. Prior to the procedure,
the patients rinsed their oral cavity twice with distilled
water. Subsequently, while breathing calmly through
a mouthpiece for 20 minutes, they ventilated air
through the device, with nasal breathing occluded
by a nose clip. Upon completion, the container
with the biological material was removed from the
device. Following thawing, the liquid condensate
was aliquoted in 1000-ul volumes into sterile 1.5 ml
Eppendorf-type plastic tubes using a Light DPOP-1-
100-1000 single-channel pipette dispenser (Thermo
Scientific). The tubes were sealed with airtight caps
and immediately placed in a freezer at approximately
—80 °C, where they were stored for no more than two
weeks until biochemical analysis. The concentration
of IL-1p (in pg/ml) in the EBC was determined
using commercial LEGENDplex™ Human T Helper
Cytokine Panel Version 2 kits on a FACS Canto 11
flow cytometer (Becton Dickinson, USA) with the
FACS Diva 6.0 software (Becton Dickinson, USA).

Peripheral blood was collected once from the
median cubital vein in the morning (before 9:00
AM). A 2 ml-volume of venous blood was drawn
into vacuum tubes containing a coagulation activator,
incubated for 30 minutes at room temperature, and
subsequently centrifuged at 3,000g for 10 minutes
at 4 °C. The obtained serum was stored at —20 °C
until analysis. Cytokine concentrations of IL-6 and
IL-17A (pg/ml) were measured using commercial
LEGENDplex™ Human T Helper Cytokine Panel
Version 2 kits on a FACS Canto II flow cytometer
(Becton Dickinson, USA) with the FACS Diva 6.0
software (Becton Dickinson, USA).

Statistical analysis was performed using the
Automated Medical Examination System software
(Russia) [18]. The normality of distribution was
assessed using the Kolmogorov — Smirnov test, the
Pearson — von Mises test, and measures of skewness
and kurtosis. For comparing two independent samples,
the Student’s #-test was applied when data followed
a normal distribution and group variances were
homogeneous according to the Fisher’s test; otherwise,
the Mann — Whitney U-test or Kolmogorov -
Smirnov test was used. For comparing two dependent
samples, the Wilcoxon signed-rank test was employed.
Quantitative parameters were presented as either
M £ SD (where M is the arithmetic mean and SD is

BionnereHb cmbmpckom MmeanumHebl. 2026; 25 (1): 96-104 99



Prikhodko A.G., Pirogov A.B., Gassan D.A., Perelman J.M.

Th1/Th17 Cytokines of the Immune Response in Patients with Bronchial

the standard deviation) or as Me[Q;Q,] (where Me
is the median and Q —Q, is the interquartile range).
Frequencies of categorical variables were analyzed
using the ¥ (Pearsonys chi-squared) test. Correlation
between two random variables was determined using
the Spearman’s nonparametric correlation analysis
(Rs). The differences were considered to be statistically
significant at p < 0.05.

RESULTS

Analysis of the blood cytokine profile involved
in the Th1/Th17 immune response in BA patients
revealed significantly higher levels of IL-6 and IL-
17A in group 2 compared to group 1 (Table 2). In the
meantime, group 2 showed significantly lower levels
of IL-1B in EBC than group 1 (Figure). Notably, in
patients who underwent the cold air challenge test, IL-
1B levels increased after the test, suggesting the active
role of the cytokines in mediating the acute response
to cold air bronchoprovocation (Table 2).

This finding is consistent with our previous
research, which demonstrated an association between
IL-1pB and the non-atopic asthma phenotype, cold air
hyperresponsiveness, and the probable development
of a Th1/Th17 immune response, regulated by this
cytokine [19].

Table 2

Levels of IL-6 and IL-17A in Peripheral Blood of Asthma
Patients, pg/ml, Me [Q;; O]

Parameter Group 1 Group 2 )4
1L-6 6.70 [5.10;11.92] 10.20 [5.40;17.60] 0.047
1L-174 0.14 [0.04;0.36] 0.28 [0.18;0.46] 0.049

The assessment of clinical and functional data
revealed that patients in group 2 had poorer disease
control compared to those in group 1 (Table 1). Both
groups demonstrated low median ACT scores. In group
1, asthma was newly diagnosed in 60% of patients
and required therapeutic intervention. Poor disease
control was observed in 16% of cases, while only 24%
of individuals exhibited partially controlled disease.
Bronchospasm in response to cold air inhalation
during the isocapnic hyperventilation challenge was
detected in 36% of group 1 patients. In group 2,
asthma exacerbation was present in 50% of cases, with
uncontrolled disease, in 30% of cases and with partially
controlled disease, in only 20%. Notably, COVID-19-
associated pneumonia was reported in 40% of group 1
and 79% of group 2 patients. According to multispiral
computed tomography results, bilateral post-COVID
pulmonary fibrosis with polysegmental distribution

1400 pg/ml
p,=0.012 p=0.018
1200 @
[+]
1000
800
600

400 T o

200 T

| [
OIL-IB pcxogme | rpyoma
B IL-1B neene HTXE 1 rpynma

[ 0L-1B mexoame 2 rpyona

Fig. Level of IL-1B in exhaled breath condensate, pg/ml: p —

significance level for the differences (Mann — Whitney U-test)

between group 1 and group 2; p, — significance level for the

differences (Wilcoxon signed-rank test) between group 1

patients before and after the isocapnic cold air hyperventilation
challenge.

was documented in 62% of group 2 patients. Foci
of pulmonary fibrosis were also observed in 19% of
group 1 patients.

Comparison of key flow — volume curve parameters
(FEV,, FEV /FVC) and distal airway patency (FEF,,
FEF.,, MEF,, ) indicated significantly worse lung
function in group 2 patients compared to group 1

(Table 3).
Table 3

Flow — volume Curve Parameters of Forced Expiration and
Changes in FEV, (AFEV bd) after Short-acting f,-agonist
Inhalation, M +SD

Parameter Group 1 Group 2 p
FEV, % predicted 943+11.4 71.1+£22.2 | <0.001
FEV /FVC, % 74.7+7.6 64.9+99 | <0.001
FEF,, % predicted 62.0+332 42.8+20.4 | <0.001
FEF., % predicted 51.0+30.3 35.7+17.5 | <0.001
MEF,, _,, % predicted 58.0+£27.5 41.2+18.7 0.007
AFEV bd, % 7[3;12] 17[3;23] 0.004

Despite mean group values for FEV, and FEV /
FVC in mild BA patients falling within the normal
range, individual analysis revealed that 18% of
patients had FEV | below 80% of the predicted value
and the FEV /FVC ratio below 0.7. Furthermore,
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isolated small airway obstruction was observed in
17% of patients. High bronchial lability (AFEV bd),
exceeding 12% in the salbutamol test, was identified
in 27% of group 1 and 57% of Group 2 patients. Two
patients exhibited a paradoxical response to the short-
acting bronchodilator, with FEV, decreasing by 11
and 30%, respectively.

The correlation analysis revealed significant
associations between cytokine levels in EBC and serum
and impaired lung function. In group 1, significant
correlations were observed between serum IL-17A
levels and bronchial response (AFEV)) to the cold air
hyperventilation challenge (Rs =—0.40, p = 0.047), serum
IL-17A and IL-6 levels (Rs = 0.69, p < 0.001). In group
2, in addition to the positive correlation between serum
IL-17A and IL-6 levels (Rs = 0.32, p = 0.025) that was
also present in group 1, significant correlations were
found between small airway patency (FEF.,) and IL-6
(Rs = —0.32, p = 0.023) and IL-1B levels (Rs = 0.49,
p=0.021).

DISCUSSION

Our findings suggest that IL-1B-induced synthesis of
type 17 cytokines (IL-17A and IL-17F), whose primary
function is neutrophil recruitment and activation,
promotes the mobilization of the neutrophilic component
in non-Th2-mediated asthma inflammation [20, 21]. As
several authors contend, IL-1f plays a leading role in
polarizing CD4+ T cells into the CD4+ T-helper 17
(Th17) subset, with IL-6 serving to amplify this process
[22]. Furthermore, IL-1p-dependent IL-17 production is
associated with the stimulation of innate immune cells
belonging to specific minor subpopulations —namely,
vd T cells and group 3 innate lymphoid cells (ILC3s).
These cells emerge during the immune response to
pathogen invasion and possess the ability to produce
IL-17 to maintain immune homeostasis, particularly in
mucosal tissues [23].

According to another perspective, IL-1B further
amplifies the function of IL-6, which is crucial for
Th17 differentiation [24]. By inducing the expression
of the key Th17 transcription factor RORyt and the
related RORa in naive CD4+ T (To) cells, the content
of which is associated with STAT3 activity, IL-6,
acting via tyrosine residues of the signal transducer
(subunit of the IL-6 receptor) gp130, activates STAT3
[25]. Activation of the IL-6 — gp130/STAT3 signaling
pathway is considered as an IL-6/STAT3-dependent
mechanism of pulmonary neutrophilic inflammation,
making its components promising therapeutic targets
in BA [26].

Neutrophilic inflammation is most frequently
associated with elevated levels of IL-17A, the
primary effector chemoattractant for neutrophils
produced by the Th17 lineage. IL-17A is expressed
by Th17 cells, and ILC3s are considered as a risk
factor for the development of severe asthma [21,
27]. Key proinflammatory IL-17A-related cytokines
and chemokines associated with activation of the
transcription factor NF-xB — which is critical for
the development of chronic airway inflammation —
include IL-6, IL-1p, IL-8, and GM-CSF [23]. GM-CSF
enhances neutrophil survival, adhesion, migration, and
phagocytosis, promotes NET formation, stimulates
the secretion of IL-6 and IL-23 by monocytes /
macrophages, and participates in the expression of
RORyt (necessary for Th17 cell differentiation) and
CCL17/TARC, a key chemokine for recruiting these
cells to the airways [23, 28, 29].

Our study revealed a strong association between
BA severity and impaired lung function with elevated
levels of serum IL-17A and its functionally related
cytokine IL-6, both of which were significantly
higher in the group of patients with moderate BA.
It is reasonable to suggest the involvement of IL-
17A and IL-6 in this disease phenotype, potentially
mediated through neutrophil recruitment to the airway
inflammatory infiltrate driven by increased production
of these cytokines. This finding is supported by
multiple publications demonstrating correlations
between increased neutrophilic infiltration in the
bronchi and elevated IL-17A levels in sputum,
bronchoalveolar lavage fluid, and bronchial biopsy
specimens (including epithelial cells, the subepithelial
mucosal layer, and leiomyocytes) from patients with
moderate-to-severe non-atopic steroid-resistant BA
[13,21,27].

Previous studies have demonstrated a direct
correlation between the number of Thl7 cells in
peripheral blood, sputum, and bronchoalveolar lavage
fluid and the severity of airway remodeling in BA
patients [24]. The elevated levels of IL-17A and
IL-6 observed in group 2 patients, accompanied by
probable escalation of bronchial inflammation through
potential neutrophil mobilization and synthesis of
proinflammatory cytokines, may adversely affect
bronchial barrier function and stimulate airway
remodeling, thereby worsening BA severity. BA
severity is a factor that can exacerbate the infectious
process following SARS-CoV-2 infection. Moderate-
to-severe asthma is considered as a predictor of poor
COVID-19 prognosis, with evidence indicating
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a significantly higher mortality rate among these
patients compared to those with mild disease (13.8%
vs. 5.5%, p = 0.006) [3].

Based on multispiral computed tomography
findings, we identified a substantial number of patients
with post-COVID pulmonary fibrosis, particularly
among those with moderate BA. These fibrotic changes
in lung tissue should be considered in the context of
the development and outcome of polymorphonuclear
inflammation permeated by disintegrating neutrophils,
resulting from the organization of exudative pneumonia
foci caused by SARS-CoV-2. It is plausible that pre-
existing neutrophilic airway inflammation in asthma
patients — mediated by activation of Thl1/Th17
immune response cytokines prior to SARS-CoV-2
infection — could have contributed to more severe
lung damage during COVID-19.

The significance of neutrophilic infiltration as a
key structural component of exudative pneumonia is
supported by autopsy data from COVID-19 fatalities
[30]. Microscopic examination of lung tissue in most
cases revealed pronounced infiltration of interalveolar
septa by neutrophils and mononuclear cells. Alveolar
lumens, lined by hyaline membranes, contained
abundant fibrinopurulent exudate rich in macrophages.
Reactive hyperplasia and desquamation of alveolar
epithelium were observed, along with thrombosis
and hyalinosis of blood vessels in the pulmonary
interstitium, fibroblast proliferation, and features of
acute suppurative bronchiolitis with destruction and
metaplasia of the bronchiolar epithelium.

Neutrophilia, along with eosinopenia, lymphopenia,
and elevated levels of C-reactive protein in peripheral
blood, has been identified among potential predictors
of pulmonary fibrosis and long-term deterioration of
lung function in COVID-19 patients. Other indicators
associated with the risk of fibrotic remodeling and
abnormal residual lung function include: patient age,
severity of SARS-CoV-2 infection combined with
chronic internal organ diseases, duration of intensive
care unit stay for hospitalized patients, mechanical
ventilation, and markers of hyperinflammation [31].

Assuming that BA patients had elevated
concentrations of IL-1p, IL-6, and IL-17A prior to
COVID-19, it is highly plausible that these cytokines
contributed to the SARS-CoV-2-initiated lung
injury, pneumonia, and hyperinflammation. In severe
COVID-19, the cytopathic effect of SARS-CoV-2
triggers the release of damage-associated molecular
patterns (DAMPs) from target cells. Released
surface glycoproteins, ATP, and nucleic acids are

recognized by neighboring epithelial cells, endothelial
cells, and macrophages, stimulating pyroptosis — a
highly inflammatory form of programmed cell death
accompanied by IL-1B overproduction. Defects in
apoptosis, caused by reduced cytolytic activity of NK
cellsand CD8+ T lymphocytes, may prolong the survival
of virus-infected cells, leading to the accumulation
of hyperactivated immune cells in the lungs and
prolonged interaction between innate and adaptive
immune cells. This cascade results in the generation
of proinflammatory cytokines, cytokine storm, and
the development of macrophage activation syndrome
(MAS) [8, 10]. IL-1p and IL-6 serve as key inducers
of hyperinflammation and MAS, which manifests as
activation, uncontrolled expansion, and persistence of
macrophages; massive cytokine secretion; induction
of their synthesis by myeloid cells; hemophagocytosis;
fibrinolytic coagulopathy; and multiorgan failure [10,
32]. Pathogenetic mechanisms predisposing to MAS
include neutrophil hyperactivation, driven by the
recruitment of granulocytes to the inflammation site
via attractants, such as IL-7, IL-8, IFNy, IP-10, as well
as IL-1P, IL-6, and IL-17 from the Th1/Th17 subset.
Neutrophil degranulation and the formation of abundant
NETs promote inflammation escalation, damage to
the vascular endothelium of the lungs and internal
organs, and the development of microthromboses.
NETs induce macrophage expression of IL-1f —
a key mediator of MAS — which, in turn, activates
pulmonary neutrophilic infiltration, neutrophilia, and
NET formation [9, 10].

Thus, Th1/Thl7-dependent activation of the
neutrophilic component in the chronic airway
inflammatory infiltrate of BA patients most likely
contributes to the exacerbation of acute lung injury
during COVID-19, laying the foundation for
subsequent fibrotic replacement of respiratory tissue.

CONCLUSION

In asthma patients who have recovered from
COVID-19, disease severity is associated with
increased levels of Th1/Th17 cytokines in the blood.
In mild BA, elevated IL-1P levels in exhaled breath
condensate may be explained by its involvement
in regulating the Th1/Th17 immune response and
its contribution to cold air hyperresponsiveness. In
contrast, patients with moderate BA demonstrated
increased production of IL-6 and IL-17A, which was
associated with impaired small airway patency, poor
disease control, and likely activation of neutrophilic
airway inflammation. Elevated concentrations of IL-
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17A and related Th17 cytokines (IL-1B and IL-6)
may increase the risk of systemic inflammation and
pulmonary fibrosis development.

10

11.

12.

REFERENCES

. Zhang J.J., Dong X., Cao Y.Y., Yuan Y.D., Yang Y.B.,

Yan Y.Q. et al. Clinical characteristics of 140 patients in-
fected with SARS-CoV-2 in Wuhan, China. Allergy.
2020;75(7):1730—1741. DOI: 10.1111/all1.14238.

. Broadhurst R., Peterson R., Wisnivesky J.P., Federman A.,

Zimmer S.M., Sharma S. et al. Asthma in COVID-19
hospitalizations: An overestimated risk factor? Annals
ATS.  2020;17(12):1645-1648.  DOI:  10.1513/Annal-
sATS.202006-613RL.

. Lee S.C., Son K.J., Han C.H., Jung J.Y., Park S.C. Impact of co-

morbid asthma on severity of coronavirus disease (COVID-19).
Sci. Rep. 2020;10(1):21805. DOIL: 10.1038/s41598-020-77791-8.

. Zhang H., Penninger J.M., Li Y., Zhong N., Slutsky A.S. An-

giotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2
receptor: molecular mechanisms and potential therapeutic tar-
get. Intensive Care Med. 2020;46(4):586—590. DOI: 10.1007/
s00134-020-05985-9.

. Slesareva E.G., Sarana A.M., Shcherbak S.G., Vologzha-

nin D.A., Golota A.S., Kamilova T.A. Influence of Bronchopul-
monary Diseases on the Course and Outcome of COVID-19: a
Literature Review. Juvenis Scientia. 2024;10(4):19-28. (In
Russ.). DOI: 10.32415/jscientia_2024 10 4 19-28.

. Jackson D.J., Busse W.W., Bacharier L.B., Kattan M., O’Con-

nor G.T., Wood R.A. et al. Association of respiratory allergy,
asthma, and expression of the SARS-CoV-2 receptor ACE2. J.
Allergy Clin. Immunol. 2020;146(1):203-206. DOI: 10.1016/j.
jaci.2020.04.009.

. Ovsyannikov E.S., Avdeev S.N., Budnevskiy A.V., Drobyshe-

va E.S., Savushkina I.A. Bronchial Asthma and COVID-19:
Comorbidity Issues. Tuberculosis and Lung Diseases.
2021;99(9):6-14. (In Russ.). DOI: 10.21292/2075-1230-2021-
99-9-6-14.

. Tay M.Z., Poh C.M., Rénia L., MacAry P.A., Ng L.F.P. The

trinity of COVID-19: immunity, inflammation and interven-
tion. Nat. Rev. Immunol. 2020;20(6):363—-374. DOI: 10.1038/
s41577-020-0311-8

. Veras F.P., Pontelli M.C., Silva C.M., Toller-Kawahisa J.E.,

de Lima M., Nascimento D.C. et al. SARS-CoV-2-triggered
neutrophil extracellular traps mediate COVID-19 patholo-
gy. J. Exp. Med. 2020;217(12): ¢20201129. DOI: 10.1084/
jem.20201129.

. Alekseeva E.I., Tepaev R.F., Shilkrot 1.Y., Dvoryakovska-

ya T.M., Surkov A.G., Kriulin I.A. COVID-19-associated Sec-
ondary Hemophagocytic Lymphohistiocytosis (Cytokine Storm
Syndrome). Annals of the Russian Academy of Medical Scienc-
es. 2021;76(1):51-66. (In Russ.). DOI: 10.15690/vramn1410.
Terekhov D.V. Severe Non-allergic Bronchial Asthma: Char-
acteristics of the Phenotype and Treatment Features. Asthma
and Allergy. 2019;(3):3-7. (In Russ.).

Esteban-Gorgojo 1., Antolin-Amérigo D., Dominguez-
Ortega J., Quirce S. Non-eosinophilic asthma: current perspec-
tives. J. Asthma Allergy. 2018;11:267-281. DOI: 10.2147/
JAA.S153097.

BionnereHb cmbmpckom MmeanumHebl. 2026; 25 (1): 96-104

14.

15.

16.

18.

19.

20

21.

22.

23.

24.

25.

. Duvall M.G., Krishnamoorthy N., Levy B.D. Non-type 2 in-

flammation in severe asthma is propelled by neutrophil cyto-
plasts and maintained by defective resolution. Allergol. Int.
2019;68(2):143-149. DOI: 10.1016/j.alit.2018.11.006.
Global Initiative for Asthma. Global strategy for asthma man-
agement and prevention. (2024 update). Accessed August 15,
2025. https://ginasthma.org/wp-content/uploads/2025/05/GI-
NA-2024-strategy-report 24 05 22-WMSA.pdf

Kameneva M.Yu., Cherniak A.V., Aisanov Z.R., Avdeev S.N.,
Babak S.L., Belevskiy A.S. et al. Spirometry: National Guide-
lines for the Testing and Interpretation of Results. Pul 'mono-
logiya. 2023;33(3):307—-340. (In Russ.). DOI: 10.18093/0869-
0189-2023-33-3-307-340.

Stanojevic S., Kaminsky D.A., Miller M.R., Thompson B.,
Aliverti A., Barjaktarevic 1. et al. ERS/ATS technical
standard on interpretive strategies for routine lung func-
tion tests. Eur. Respir. J. 2022;60(1): 2101499. DOI:
10.1183/13993003.01499-2021.

. Perelman J.M., Prikhodko A.G. Airway Hyperresponsiveness.

In: Respiratory Medicine: Manual. Ed. by Chuchalin A.G., 3rd
ed., supplemented and revised. Moscow: PulmoMedia, 2024;
1:330—-348. (In Russ.). DOIL: 10.18093/987-5-6048754-9-0-
2024-1-330-348.

N.V. Systematic Research in Medicine. Saarbriicken: LAP
LAMBERT, 2014. (In Russ.).

Pirogov A.B., Prikhodko A.G., Perelman J.M. Predic-
tor Role of IL-6 and IL-1A in the Formation of Cellular Bron-
chial Inflammation in Patients with Bronchial Asthma in Re-
sponse to Inhalation Exposure to Cold Air. Immunologiya.
2024;45(1):58-67. (In Russ.). DOIL: 10.33029/1816-2134-
2024-45-1-58-67.

. WulH., Li X., Huang B., Su H,, Li Y., Luo D.J. et al. Patho-

logical changes of fatal coronavirus disease 2019 (COVID-19)
in the lungs: report of 10 cases by postmortem needle autop-
sy. Zhonghua Bing Li Xue Za Zhi. 2020;49(6):568-575. DOL:
10.3760/cma.j.cn112151-20200405-00291.

Lindén A., Dahlén B. Interleukin-17 cytokine signalling in
patients with asthma. Eur. Respir. J. 2014;44(5):1319-1331.
DOI: 10.1183/09031936.000023 14.

Acosta-Rodriguez E.V., Napolitani G., Lanzavecchia A.,
Sallusto F. Interleukins lbeta and 6 but not transforming
growth factor-beta are essential for the differentiation of in-
terleukin 17-producing human T helper cells. Nat. Immunol.
2007;8(9):942-949. DOI: 10.1038/ni1496/

Kostareva O.S., Gabdulkhakov A.G., Kolyadenko I.A., Garber
M.B., Tishchenko S.V. Interleukin-17: Functional and Structur-
al Features; Use as a Therapeutic Target. Advances in Biological
Chemistry. 2019;59:393—418. (In Russ.). URL: https://www.
fbras.ru/wp-content/uploads/2019/01/Kostareva_et_al.pdf
Singh R.P., Hasan S., Sharma S., Nagra S., Yamaguchi D.T.,
Wong D.T. et al. Th17 cells in inflammation and autoimmuni-
ty. Autoimmun. Rev. 2014;13(12):1174—-1181. DOI: 10.1016/j.
autrev.2014.08.019.

Nishihara M., Ogura H., Ueda N., Tsuruoka M., Kitabayashi C.,
Tsuji F. et al. IL-6-gp130-STAT3 in T cells directs the devel-
opment of [L-17+ Th with a minimum effect on that of Treg
in the steady state. Int. Immunol. 2007;19(6):695-702. DOL:
10.1093/intimm/dxm045.

103



Prikhodko A.G., Pirogov A.B., Gassan D.A., Perelman J.M. Th1/Th17 Cytokines of the Immune Response in Patients with Bronchial

26. Nikolskii A.A., Shilovskiy I.P., Jumashev K.V., Vishniako- 29. Lee K.M.C., Achuthan A.A., Hamilton J.A. GM-CSF:
va L.I., Barvinskaia E.D., Kovchina V.I. et al. Effect of Lo- A promising target in inflammation and autoimmunity. Immu-
cal Suppression of Stat3 Gene Expression in a Mouse Mod- notargets Ther. 2020;9:225-240. DOI: 10.2147/ITT.S262566.
el of Pulmonary Neutrophilic Inflammation. /mmunologiya. 30. Yang J.M., Koh H.Y., Moon S.Y., Yoo LK., Ha EXK., You S.
2021;42(6):600-614. (In Russ.). DOI: 10.33029/0206-4952- et al. Allergic disorders and susceptibility to and severity of
2021-42-6-600-614. COVID-19: A nationwide cohort study. J. Allergy Clin. Immu-

27. Bedoya S.K., Lam B., Lau K., Larkin J. 3rd. Th17 cells nol. 2020;146(4):790—798. DOI: 10.1016/j.jaci.2020.08.008.
in immunity and autoimmunity. Clin. Dev. Immunol. 31. Huang W., Wu Q., Chen Z., Xiong Z., Wang K., Tian J. et
2013;2013:986789. DOI: 10.1155/2013/986789. al. The potential indicators for pulmonary fibrosis in survi-

28. Frey A., Lunding L.P., Ehlers J.C., Weckmann M., Zissler vors of severe COVID-19. J. Infect. 2021;82(2):e5—¢7. DOI:
U.M., Wegmann M. More than just a barrier: The immune 10.1016/5.jinf.2020.09.027.
functions of the airway epithelium in asthma pathogen- 32. Crayne C.B., Albeituni S., Nichols K.E., Cron R.Q. The im-
esis. Front. Immunol. 2020;11:761. DOI: 10.3389/fim- munology of macrophage activation syndrome. Front. Immu-
mu.2020.00761. nol. 2019;1(10):119. DOI: 10.3389/fimmu.2019.00119.

Author Contribution

Prikhodko A.G. — conception and design, analysis and interpretation of the data, drafting of the manuscript. Pirogov A.B. — analysis of
the data, manuscript rationale, critical revision of the manuscript for important intellectual content, drafting of the manuscript. Gassan D.A. —
carrying out of biochemical assays. Perelman J.M. — critical revision of the manuscript for important intellectual content, final approval of
the manuscript for publication, accountability for the integrity of all article sections.

Author Information

Prikhodko Anna G. — Dr. Sci. (Med.), Chief Researcher, Laboratory for Functional Research of Respiratory System, Far Eastern
Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk, prih-anya@ya.ru, https://orcid.org/0000-0003-2847-7380

Pirogov Aleksey B. — Cand. Sci. (Med.), Associate Professor, Senior Researcher, Laboratory for Functional Research of Respiratory
System, Far Eastern Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk, dncfpd@dncfpd.ru, https://orcid.
org/0000-0001-5846-3276

Gassan Dina A. — Cand. Sci. (Med.), Head of the Laboratory for Mechanisms of Virus-Associated Developmental Pathologies, Far
Eastern Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk, dani-shi@mail.ru, https://orcid.org/0000-0003-
3718-9962

Perelman Juliy M. — Dr. Sci. (Med.), Corresponding Member of the RAS, Professor, Head of the Laboratory for Functional Research
of Respiratory System, Far Eastern Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk, jperelman@mail.ru,
https://orcid.org/0000-0002-9411-7474

(P<) Perelman Juliy M., jperelman@mail.ru
Received on August 26, 2025;

approved after peer review on September 24, 2025;
accepted on October 16, 2025

104 Bulletin of Siberian Medicine. 2026; 25 (1): 96-104



