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Modern Understanding 
of Severe Bronchial Asthma

Резюме

В обзоре приведены современные данные о тяжелой бронхиальной астме. Частые обострения астмы значимо снижают качество жизни паци-

ентов, становятся причиной потери трудоспособности, инвалидизации и летального исхода. Гетерогенность тяжелой бронхиальной астмы 

укладывается в понятия фенотипа и эндотипа, идентификация которых в клинической практике имеет ограничения, но является необходи-

мой для персонализированной терапии. Анализ литературы, отражающей опыт в ведении данных пациентов, необходим для формирования 

целостных представлений о тяжелой бронхиальной астме и разработки путей оптимизации терапии.
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Abstract

The review provides data on severe bronchial asthma. Frequent exacerbations of asthma significantly reduce the quality of life of patients, cause 

disability, disability and death. The heterogeneity of severe bronchial asthma fits into the concepts of phenotype and endotype, the identification 

of which in clinical practice has limitations, but is necessary for personalized therapy. Analysis of the literature reflecting experience in patient data 

management is needed to form holistic perceptions of severe bronchial asthma and develop ways to optimize therapy.
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AV  — artifi cial ventilation, BA  — bronchial asthma, BMI  — body mass index, COPD  — chronic obstructive pulmonary disease, CT  — computed 

tomography, FAO — fi xed airfl ow obstruction, FEV
1
 — forced expiratory volume in 1 second, FVC — forced vital capacity, GCs — glucocorticosteroids, 

GERD — gastroesophageal refl ux disease, PFT — pulmonary function test, SBA — severe bronchial asthma.

Introduction
Despite considerable progress in medication treat-

ment, uncontrolled bronchial asthma (BA) remains 

the main challenge in managing patients with this 

disease. Patients with severe bronchial asthma (SBA) 

make up a special group among patients with no dis-

ease control. GINA Steps 4 and 5 therapy is ineffective 

despite high compliance with treatment, correct inha-

lation technique and management of comorbidities. 

Therefore, a thorough analysis of the pathogenesis and 

clinical features of BA course is required. The analy-

sis of literature sources reflecting the experience in 

managing these patients is essential to form a compre-

hensive idea of SBA and develop methods to improve 

treatment.

Epidemi ology and socio-
economic burden of SBA
Frequent BA exacerbations signifi cantly reduce the 

quality of life of patients, resulting in labor capacity 

loss, disability and death [1–3]. Management of patients 

with BA in developed countries accounts for about 2% 

of public health costs [4]. In particular, 12% of patients 

admitted to  the  emergency room of large hospitals are 

the patients with BA exacerbation. Th e socio-economic 

burden of BA increases in proportion to the severity 

of this disease. It  is known that more than half of the 

funds (according to some data, over 80%) allocated for 

BA management overall are spent on  treating patients 

with severe BA [2]. Th e numerous studies devoted to the 

pharmacoeconomic search for SBA control methods also 

highlight the existing problem. However, the amount of 

fi nancial contributions is not a guarantee of their eff ec-

tiveness [4].

There is evidence that socio-economic conse-

quences of SBA in Japan are lower than in European 

countries [5]. This is due to healthcare organization 

and the geographical features of the country that allow 

providing access to specialized medical care equally 

for the entire population of the country. In the United 

States, epidemiological studies are being conducted to 

analyze environmental and social factors that affect the 

prevalence of asthma, as well as its racial features [6]. 

The number of attacks in adults was found to depend 

on income: the patients with an income of 250% of the 

poverty datum line were more likely to report the onset 

of symptoms than the patients with an income of 450% 

of the poverty datum line.

According to the Federal State Statistics Service (Ros-

stat), more than 1  million people were diagnosed with 

bronchial asthma in the Russian Federation in 2014; the 

mortality rate was 1.3% [7]. About 6.9% of adults and 

10.9% of children in our country suff er from this dis-

ease [2]. In 2014, a national register of patients with SBA 

was created. Th e analysis of information in this register 

allows optimizing the management of such patients. 

According to a clinical trial conducted in Russia, patients 

with SBA constituted 14–20% of all patients who initially 

sought medical attention [2].

Elderly patients are undoubtedly a special group 

among patients with SBA. The severity of disease in 

this group of patients is associated with a large number 

of comorbidities and a long history of  asthma. In one 

study, Joe G. Zein et al. (2015) suggested that the sever-

ity of asthma in elderly patients is associated primarily 

with age-related changes in the lungs [8]. The following 

was discovered: the dependence between the duration 

and severity of asthma was found in young patients, 

however, it was not identified in elderly patients; the 

risk of SBA increases by 7% every year between the age 

of 18 and 45; however, after the age of 45, no such cor-

relation was observed. Gender-related differences were 

described: after the age of 45, the disease severity in 

men depends on BA duration, whereas such correla-

tion is not characteristic for women of this age group. 

The authors attributed the differences to the fact that 

oxidative stress reactions in young individuals are more 

intense, accelerating age-related changes in  the lungs, 

and the functional activity of inflammatory cells in 

elderly patients is significantly reduced. The authors 

emphasize that age-related characteristics of this dis-

ease should be analyzed due to the growing elderly 

population.
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Uncontrolled and true severe 
bronchial asthma
Th e uncontrolled course of this disease has remained 

remains the main challenge in  the  management of 

patients with bronchial asthma (BA) for a long time. 

According to GINA-2020, uncontrolled asthma has one 

or both of the following signs [1]:

1) Poor control of symptoms.

2) Frequent exacerbations (≥ 2 per year) that require 

systemic glucocorticosteroids (SGCs), or  one 

exacerbation that requires hospitalization.

Patients with uncontrolled asthma include both 

patients with diffi  cult-to-treat asthma and patients with 

true severe asthma. It  is critical to distinguish between 

these terms since the  management of patients will be 

diff erent depending on the particular group to which 

they belong. In the case of patients with diffi  cult-to-treat 

BA, the disease course remains uncontrolled despite 

the  treatment according to GINA Steps 4  and 5. Th e 

diagnosis of severe bronchial asthma (SBA) is  a  sub-

group of diffi  cult-to-treat BA and can be made in case of 

uncontrolled disease course despite appropriate therapy, 

high degree of compliance, correct inhalation technique, 

and the management of comorbidities.

Th e prevalence of SBA is 3–10% [1], while disease 

control is generally not achieved in about 50% of BA 

patients [2, 9]. In  one study conducted in the Nether-

lands, the prevalence of diffi  cult-to-control asthma that 

required treatment according to Steps 4 and 5 was 17.4%. 

However, only 20.5% of patients in this group complied 

with the correct inhalation rules and demonstrated good 

compliance. Th erefore, they were classifi ed as an SBA 

group that included only 3.6% of the entire patient popu-

lation [10]. In other words, in most cases of uncontrolled 

asthma, modifi able factors can be found that can help 

improve the course of the disease.

It is confi rmed by a trial conducted in Denmark, 

where only 12% of patients with diffi  cult-to-control 

disease met SBA criteria [11]. Th e authors of this trial 

also emphasized that a clear distinction between SBA 

and diffi  cult-to-control BA can be a major challenge in 

real clinical practice. Th e group of patients who could 

not be certainly referred to a particular category con-

stituted 32% of patients with uncontrolled BA. Th is 

group included patients who performed inhalation pro-

cedures correctly and had good compliance with treat-

ment. At  the same time, the impact of  trigger factors 

persisted, and no control of comorbidities was achieved. 

In addition, this “uncertain” group also included patients 

diagnosed with BA only based on clinical data with no 

objective evidence of airfl ow variability. Th e importance 

of multidisciplinary management of patients with diffi  -

cult-to-control asthma is emphasized since the lack of 

control of comorbidities irreversibly worsens BA course. 

Th e authors raise the question of the need for consen-

sus on the duration of  managing comorbidities before 

starting biopharmaceuticals. SBA and diffi  cult-to-treat 

BA should be distinguished primarily to justify targeted 

therapy [11].

Th e study of A-N. Van Der Meer et al. (2016) dem-

onstrated that among the patients with severe BA admit-

ted to a specialized center for  BA  management, only 

17% of patients needed targeted therapy [12]. For 83% 

of patients, aft er a multidisciplinary and multivariate 

assessment, an individual management plan was drawn 

up and submitted to the attending pulmonologist. In one 

Belgian study [13], only 24% of patients treated with 

omalizumab met all SBA criteria, according to national 

guidelines. Th ose were the patients who regularly 

received basic treatment and had two severe exacerba-

tions during such treatment over the previous year. It is 

noteworthy that omalizumab therapy was more eff ec-

tive in patients who met all SBA criteria. For example, 

the  number of patients who needed GCs decreased by 

22% in the group of SBA patients compared with 8% in 

the group of patients with diffi  cult-to-treat BA. Similar 

results were obtained for the number of hospitalizations 

and admissions emergency care departments [13].

It should be noted that SBA is a retrospective diagno-

sis [1]. According to the ERS/ATS (Th e European Respi-

ratory Society / American Th oracic Society) joint recom-

mendations, a specialist should observe the patient for at 

least three months in order to adjust modifi able factors 

and verify the diagnosis defi nitively [14]. It is also impor-

tant to take into consideration that the severity of disease 

can change; therefore, disease control in patients with 

BA should be assessed [1].

SBA is advisably diagnosed sequentially by answering 

the following questions [1, 15, 16]:

1. Is the diagnosis correct?

2. What is the severity of the disease?

3. Is the treatment optimal?

Th en a multivariate assessment of the clinical case is 

required, which includes the identifi cation and manage-

ment of comorbidities, taking into consideration social 

conditions and  environmental factors, determining 

asthma phenotype, and assessing the individual features 

of the patient [16]. All this results in an individual plan 

for the management of a BA patient.

For each patient not responding to high-intensity 

therapy, other diseases should be ruled out and the diag-

nosis of BA should be confi rmed. According to various 

data, the frequency of  an  alternative diagnosis in SBA 

cases ranges from 12 to 50% [17]. Diseases with symp-

toms similar to those of asthma include chronic obstruc-

tive pulmonary disease (COPD), tracheobronchoma-

lacia, central type lung cancer, obstructive sleep apnea, 

bronchiectasis, allergic bronchopulmonary aspergillosis, 

tuberculosis, cystic fi brosis, alpha-1  antitrypsin defi -

ciency, vocal cord dysfunction, obliterative bronchiolitis, 

congestive heart failure, eosinophilic lung diseases [18]. 

In particular, 70% of BA patients reportedly have vocal 

cord dysfunction. Allergic bronchopulmonary aspergil-

losis is  found in 2–32% of patients with asthma. Even 
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though most of these patients respond well to treatment 

with GCs, antifungal agents should be used in some cases 

of steroid resistance.

Disease history, age at BA onset, typical symptoms, 

their frequency, the severity of exacerbations, and asso-

ciation with comorbidities are subject to analysis. It  is 

noteworthy that the risk factors for exacerbations diff er 

depending on disease severity. In  the 2018 study, Kang 

H-R. et al. demonstrated that, in contrast to moderate 

asthma, age and comorbidities (except for allergic rhini-

tis) in SBA did not aff ect the frequency of exacerbations 

[19]. Regardless of disease severity, the administration 

of GCs was a risk factor for exacerbations, and the fre-

quency of hospitalizations in the previous year was more 

important for patients with SBA. Th is study also demon-

strated the  increasing role of compliance with medica-

tion treatment depending on disease severity.

Special questionnaires can help assess the patient’s 

condition. However, according to  an  Australian study, 

their use in actual clinical practice is limited: for exam-

ple, only 31% of physicians used a questionnaire to assess 

BA control [20]. Th e subjective evaluation of control 

by both the physician and the patient generally does not 

match the results of the asthma control test (ACT) in 

about a third of cases [21]. Notably, this value is higher 

among patients receiving treatment Steps 4 and 5  ther-

apy: 41% of patients who received Step 4  therapy and 

48% of patients who received Step 5 therapy considered 

their asthma to be controlled, despite the fact that ACT 

score was less than 20, which corresponded to uncon-

trolled asthma. Th e same trend is observed among health 

care professionals. Physicians tend to underestimate the 

severity of the condition of patients with severe and dif-

fi cult-to-treat BA.

Questionnaires with sensitivity of 80–90% seem to be 

the most cost-eff ective method to evaluate comorbidities 

[15]. Th erefore, it is possible to make an individual plan 

of patient’s assessment, and recommend consultations 

on an interdisciplinary basis, to avoid excessive health 

care costs [15].

Th e variability of airfl ow obstruction is an inte-

gral part of the diagnosis, although it cannot always be 

proven in cases of SBA. Maximum doses of albuterol 

(4–8  inhalations) are considered justifi ed in order to 

detect a 12% increase in forced expiratory volume in 

1 second (FEV
1
) [15].

When confi rming the diagnosis of SBA, the optimal-

ity of the treatment should be evaluated. In several cases 

of SBA, additional therapy (tiotropium bromide, macro-

lides, antifungal therapy) is  prescribed, right up to the 

use of expensive biological agents [20]. At this stage it is 

critical to evaluate inhalation technique and the degree 

of compliance to avoid unnecessary ramping up of treat-

ment and lower the risk of adverse events.

Patients with SBA require a multidisciplinary 

approach, as well as comprehensive and  systematic 

assessment. Th e task of an interdisciplinary team is to 

identify patients with a high risk of hospitalization, 

adjust risk factors, and provide long-term care. In  the 

2016  study, Hannah Burke et al. demonstrated that 

such an approach reduced the number and duration of 

hospitalizations in patients with frequent BA exacerba-

tions [22]. Improved quality of life and disease control 

were also reported [16]. A  multidisciplinary approach 

requires specifi c knowledge and skills. Phenotyping and 

prescription of targeted therapy in BA were implemented 

in practice relatively recently; therefore, special attention 

should be paid to the training of medical personnel [20].

Non-drug factors in 
the management of patients 
with SBA
Properly selected therapy does not ensure optimal dis-

ease control. BA management is a dynamic and complex 

process, where the active participation of both the physi-

cian and the patient is important [16, 23]. Medication 

treatment is the key in the management of BA patients. 

However, it is diffi  cult to achieve success with no proper 

attention to educating the patient, developing the right 

ideas about the disease and the goals of treatment, as well 

as correcting other non-drug factors such as continued 

exposure to the trigger, untreated comorbidities, obesity 

and smoking [1, 9].

Th e importance of non-drug factors was demon-

strated in the study conducted by Hedenrud T. et al. 

(2019). It  revealed that BA patients face challenges 

throughout all stages of treatment [23]. In  this study, 

patients were interviewed using a special questionnaire. 

Basic problems included the  inaccessibility of medical 

care (diffi  culties in making an appointment with a physi-

cian, lack of required medicines in pharmacies), as well 

as the lack of proper awareness of patients about the signs 

of their disease and the goals of treatment. Th e forgetful-

ness of patients and diffi  culties in inhaling drug products 

also play a certain role. Future studies are expected to 

include quantitative evaluation to defi ne the prevalence 

of certain factors in the population of BA patients and 

identify the relationship between these problems and the 

socioeconomic status of patients [23].

Th e most common problems hindering disease con-

trol are incorrect inhalation technique (80%) and poor 

compliance (50%). About 50% of patients make mistakes 

when using a  dry-powder inhaler; this fi gure reaches 

80% in metered-dose inhalers [24]. Proper inhalation 

technique minimizes side eff ects that may be caused by 

poor compliance [25]. For example, the study performed 

by A.S. Melani et al. (2013), which included more than 

1600 patients, showed that at least one critical error in 

inhalation technique, regardless of the type of  inhaler, 

was associated with increased emergency department 

visits, number of hospitalizations, and the prescription of 

SGCs [26]. Th ere is a direct relationship between inhala-

tion technique and treatment success and, therefore, the 
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patient’s satisfaction and their sense of a positive eff ect of 

the treatment, which improves therapy compliance [26].

In a study conducted by Lia Jahedi et al. (2017), 

patients with correct inhalation technique had better 

awareness of their disease and motivation for treatment, 

which underlines the importance of  awareness-raising 

when managing BA patients [27]. Unfortunately, only 

28% of physicians regularly assess inhalation technique 

when seeing patients, although according to the litera-

ture, a physician should give instructions to the patient 

at least three times and clearly demonstrate all stages of 

inhalation [24]. It is regular assessment and adjustment 

of skills that can exactly improve the control of disease 

symptoms and the quality of life of patients [26].

SBA clinical profile and 
phenotypes
Th e group of patients with SBA is heterogeneous. 

While standard therapy is eff ective in most patients with 

mild to moderate asthma, the management of a patient 

with severe asthma requires a  case-by-case approach 

[28]. Such patients require targeted therapy, taking into 

consideration the disease phenotype. Phenotype means 

visible features of an organism attirbutable to the inter-

action of its genetic component and environmental fac-

tors [29]. Th e Clinical Guidelines “Bronchial Asthma” 

of the Ministry of Health of the Russian Federation iden-

tify fi ve SBA phenotypes [30]:

– allergic BA,

– BA with fi xed airfl ow obstruction (FAO),

– non-allergic BA,

– late-onset BA,

– BA with obesity.

Each phenotype has its own specifi c clinical, func-

tional and laboratory features. However, according to the 

study performed by Sergeeva G.R. et al. (2015), in 83% 

of cases one patient has  the  signs of two or more phe-

notypes [31]. In addition, a phenotype can change over 

time and transform into another one.

Allergic SBA is the most common and easily recog-

nizable SBA phenotype. Th e prevalence of severe aller-

gic asthma is about 40–80% [6, 31, 32]. Disease onset 

occurs in early childhood, with  hereditary burden and 

allergic comorbidities in most cases. Th e most common 

comorbidity is  allergic rhinitis. Th e main diff erences 

from non-allergic asthma are the following: positive skin 

reactions and dependence of symptoms on contact with 

an allergen. Such patients are oft en characterized by pol-

ysensitization. Monosensitization is found only in 16% 

of cases. Th e most common allergen is house dust mite; 

sensitization to it is found in 35–86% of patients [32]. 

Th is phenotype is characterized by eosinophilic infl am-

mation; patients respond well to treatment with inhaled 

glucocorticosteroids (IGCs). However, the long course 

of the disease, polysensitization, constant contact with 

an allergen, and high IgE levels can contribute to the 

development of fi xed airfl ow obstruction, which leads 

to signifi cantly decreased results of pulmonary function 

test (PFR) [32].

Non-allergic SBA is more common in adults and 

is not associated with allergies. Th e profi le of airway 

infl ammation in patients with this phenotype may be 

eosinophilic, neutrophilic, mixed, or  low granulocytic. 

Patients with non-allergic asthma may not respond to 

treatment with IGCs depending on the type of infl am-

mation. Non-allergic asthma is more likely to have a 

severe course than allergic asthma, which deteriorates 

the quality of life [33]. Pathology of the upper respiratory 

tract and the skin is less common in the group of patients 

with non-allergic BA. However, the prevalence of these 

diseases is higher compared to the control group. Th ere-

fore, patients with non-allergic BA also have a systemic 

component of the disease that requires further analysis. 

FeNO (nitric oxide fraction) level in exhaled air increases 

in proportion to the prevalence of rhinitis and dermatitis 

in the group of these patients [33].

Late-onset SBA. Late onset of SBA is considered to 

be the onset of respiratory symptoms in patients over the 

age of 40 years with no previous history of asthma. How-

ever, the age range is not exactly defi ned. Th is phenotype 

is more common among women and is associated with 

several comorbidities, changes in psychological status 

(depression, anxiety, dementia), development of eosino-

philic-neutrophilic infl ammation with a predominance 

of the latter component. It  should be  mentioned that 

late-onset BA is heterogeneous in regard to causative 

factors [34]. Results of the comparative study performed 

by Daniel J. Tan et al. (2016) revealed no signifi cant 

diff erences in the severity of asthma between patients 

with early and late onset despite the diff erent duration 

of  the disease. At  the age of 44, no prevalence of these 

phenotypes was also distinguished [35]. Th e diff erences 

included etiological factors and the eff ect on pulmonary 

function. Th e duration of the disease plays the key role 

in the decrease of PFT results, whereas for patients with 

a late onset, such factors are smoking and age-related 

changes in lungs [34, 35].

SBA with fi xed airfl ow obstruction (FAO). Fixed 

bronchial obstruction is characterized by  FEV
1
/FVC 

ratio of less than 0.7 aft er adequate bronchodilation (sal-

butamol 400 μg), with the diagnosis of COPD absent or 

ruled out for this patient. SBA criteria are met by 71.7% 

of  patients with FAO [36]. FAO is the result of bron-

chial wall remodeling due to persistent infl ammation, 

long disease history, frequent exacerbations, and steroid 

resistance [37]. FAO risk factors also include a history of 

atopic dermatitis, artifi cial ventilation (AV), contact with 

mold, and elderly age [37, 38]. In contrast to the patients 

with no obstruction, the FAO patients are  character-

ized by a signifi cant decrease in spirometric parameters, 

increased FeNO level, high eosinophil and neutrophil 

count in induced sputum, and signifi cantly higher rate of 

eosinophilia (≥ 3%) [39].



R E V I E W  A R T I C L E S The Russian Archives of Internal Medicine • № 2 • 2022

118 

SBA in obese patients. It  is known that obesity not 

only increases the risk of BA, but  also  worsens disease 

course and may even contribute to steroid resistance 

[40]. Obesity leads to the development of comorbidities 

that aggravate the course of asthma (for example, GERD, 

type  2  diabetes mellitus, arterial hypertension), main-

tains chronic systemic infl ammation, and also negatively 

aff ects lung volume [32]. A 15% reduction in body weight 

signifi cantly improves asthma control, lung function and 

quality of life [41].

In a recent study, SBA phenotypes were divided 

based on the CT of the lungs [42]. The  patients were 

divided into three groups according to the changes 

found. Group 1  was  characterized by remodeling in 

large airways (lobar, segmental, subsegmental bronchi); 

basic pathological patterns included the thickening of 

the bronchial wall, mucus plugs, and bronchiectasis. 

Group 2  was characterized by changes in small air-

ways; basic pathological patterns included emphysema, 

air trapping, and changes in subsegmental bronchi. 

Group 3  included patients with no  apparent changes. 

It is noteworthy that CT demonstrated at least one pat-

tern of pathological changes in 80% of patients with 

SBA. A  relationship was found between the thicken-

ing of  the bronchial wall and the count of eosinophils 

in peripheral blood, as well as between the presence of 

mucous plugs and the eosinophil level in sputum; these 

facts allow us to interpret these changes in  proximal 

airways as an indicator of eosinophilic inflammation in 

SBA [42].

Group 1  was the largest and included 44% of all 

patients. Absolute and relative levels of  peripheral 

eosinophils in this group were significantly higher 

than in groups 2  and 3. Group 2  was  dominated by 

male patients, often with a history of smoking. Bron-

chial obstruction was most pronounced in this group: 

patients required more treatment compared to other 

groups. In  general, group 2  can be described as an 

asthma: COPD combination, recently classified as a 

separate subtype of SBA. Patients of group 3  required 

oral GCs as maintenance therapy significantly less often 

than the other two groups.

Regarding clinical signs, such as the age of BA onset, 

body mass index (BMI), the presence of atopy, total IgE 

level, the number of exacerbations in the previous year, 

there were no correlations with CT changes, and no dif-

ferences between groups were found.

Th erefore, remodeling in airways may be based 

on various pathogenetic processes, and  one  specifi c 

SBA phenotype may be underlain by diff erent endo-

types [32, 43].

SBA endotypes
A disease endotype characterizes the pathogenetic 

features of infl ammation in airways and is determined 

based on genetic and molecular parameters [43, 44]. 

In contrast to the disease phenotype, endotypes are more 

determinated subgroups of patients [44], although they 

can also change over time [45]. It  seems reasonable to 

divide the variety of SBA immunopathological processes 

into two large groups: Th 2-type infl ammation and non-

Th 2-type infl ammation.

Th 2-type infl ammation is found in half of patients 

with BA and in 37% of patients with SBA [44]. Th e trig-

ger mechanism for Th 2-type infl ammation is the inter-

action of the respiratory tract epithelium with environ-

mental factors and the subsequent synthesis of signal 

substances ‒ alarmins ‒ by epithelial cells. Alarmins 

include interleukin-33 (IL-33), interleukin-25 (IL-25), 

and TsLP (thymic stromal lymphopoietin) (Fig. 1). 

It was demonstrated that most BA patients have a defi -

ciency of E-cadherin and claudin-18, which are respon-

sible for the strength of bonds between epithelial cells. 

Th is results in easier penetration of allergens and micro-

bial antigens through epithelial barrier [44]. It  should 

be  noted that the decreased expression of E-cadherin 

is associated with epithelial-mesenchymal transition, 

which underlies the remodeling of the bronchial wall 

[40]. Th e development of Th 2-type immune response 

requires the synthesis of such key cytokines as interleu-

kin-4 (IL-4), interleukin-5 (IL-5), interleukin-13 (IL-

13). Th eir main sources in airways are Th 2 lymphocytes 

and type 2 innate lymphoid cells (ILC2). ILC2 are innate 

immune cells, and their activation does not require 

interaction with an antigen and its recognition. Th ere-

fore, ILC2 activation underlies non-allergic eosinophilic 

infl ammation [43]. IL-33 and IL-25 play a leading role in 

ILC2 activation, while TsLP stimulates mainly antigen-

presenting cells, specifi cally dendritic cells that interact 

with T and B cells and trigger allergic infl ammation. It is 

notable that ILC2 synthesize IL-5 and IL-13 5–10 times 

more than Th 2 lymphocytes, as well as a small amount 

of IL-4 [48]. IL-4, IL-5, and IL-13 have synergistic eff ects 

that cause the attraction of eff ector cells to the infl am-

mation site, as well as structural and functional changes 

in the bronchial wall [43, 44].

IL-4  is crucial for the differentiation of naive Th 

lymphocytes into Th2  lymphocytes. Together with 

IL-13, it mediates subepithelial fibrosis, thereby par-

ticipating in the processes of airway remodeling [43]. 

IL-13 is described as a key effector cytokine that plays 

an important role in many aspects of BA pathogene-

sis, including B cell switch to IgE production, mucus 

hypersecretion, goblet cell hyperplasia, and bronchial 

hyperreactivity. IL-5  is the main cytokine responsible 

for the recruitment and survival of eosinophils and, to 

a lesser extent, of mast cells and basophils. Eosinophils 

are the main effector cells of Th2-type inflammation; 

their degranulation and release of  substances such as 

eosinophilic cationic protein and eosinophil-derived 

neurotoxin are associated with the development of 

fixed airflow obstruction that determines the severe 

course of the disease [46].
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Non-Th 2-type infl ammation is characterized by the 

absence of signs of Th 2-type infl ammation in sputum 

and peripheral blood and is associated with molecules 

such as interleukin-1ß (IL-1ß), interleukin-6 (IL-6), 

interleukin-8 (IL-8), interleukin-17A/F (IL-17A/F), 

interferon gamma (IFN-γ), and tumor necrosis factor 

alpha (TNF-α) [45]. Various authors estimate the preva-

lence of non-Th 2-type infl ammation in all BA patients 

to be 40–70% [45]. In  the structure of non-T2 asthma, 

neutrophilic and low granulocytic infl ammation are dis-

tinguished depending on the detection of an infl amma-

tory cell pool in induced sputum samples. Activation of 

Toll-like receptors leads to the diff erentiation of naive 

Th   lymphocytes into Th 1  and Th 17  lymphocytes that 

produce IL-8, IL-1ß, IFN-γ, and TNF-α, facilitating the 

recruitment of eff ector cells, mainly neutrophils [45].

Th e role of neutrophils in SBA is diverse. However, 

their participation in oxidative stress reactions and abil-

ity to synthesize transforming growth factor beta (TGF-

ß), a powerful inducer of epithelial-mesenchymal tran-

sition [40], are of special signifi cance. IL-17, IL-6, and 

IL-8  are  described as key non-Th 2-type infl ammatory 

cytokines. It  is noteworthy that cytokines of the 

IL-17 family can promote both the migration of neutro-

phils into the respiratory tract and the induction of Th 2-

type  immune response cytokines, thereby aff ecting the 

development of eosinophilia [47]. Th e role of cytokines 

of the IL-17  family in the pathogenesis of BA is multi-

faceted and ambiguous. However, there is evidence in 

the literature that an increased level of IL-17 is an inde-

pendent risk factor for SAD, and the presence of single 

nucleotide polymorphisms in the IL-17  gene is associ-

ated with the development of allergic diseases [47].

Although low granulocytic infl ammation is charac-

terized by the absence of sputum eosinophilia and neu-

trophilia, an increased amount of infl ammatory cells in 

patients with low granulocytic infl ammation was dem-

onstrated compared to relatively healthy individuals [44]. 

Bronchial hyperreactivity in patients with a low granu-

locytic type of infl ammation is thought to be associated 

not only with exposure to infl ammatory cytokines: it 

was demonstrated in animal models that treatment with 

nerve growth factor (NGF) induced bronchial hyperre-

activity to the same extent as allergen sensitization [44].

Figure 1. Mechanisms of allergic infl ammation in asthma [47].
Note: B cell — B-lymphocyte, DC (dendritic cell) — dendritic cell, IgE — immunoglobulin Е, ILc (innate lymphoid cell) — innate immunity lymphocyte, 

LFA-1 (lymphocyte function-associated antigen 1) — integrin LFA-1, OX40L — receptor ligand OX40 (CD252), Teff — T-effector, Treg — T-regulator, 

TSLP (thymic stromal lymphopoietin) — thymic stromal lymphopoietin
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Low granulocytic inflammation is thought to be 

most common in cases of well-controlled asthma and is 

associated with better pulmonary function parameters. 

However, about 20% of patients with low granulocytic 

inflammation have a severe course of the disease, which 

is refractory to  ongoing therapy [48]. Signs of airway 

remodeling in this group of patients suggest the exis-

tence of mechanisms for the development of fixed air-

flow obstruction regardless of the severity of inflamma-

tion, which was also demonstrated in animal models. 

Smooth muscle cells play a leading role in airway 

remodeling in the cases of low granulocytic inflamma-

tion [48].

It should be noted that endotypes are closely related 

to disease phenotypes. Approximately 25% of patients 

with SBA have severe eosinophilic infl ammation and 

late onset of the disease [49]. Allergic and aspirin-

induced SBA are also phenotypes with Th 2  endotype 

[44]. A recent cluster analysis revealed Th 2 endotype in 

cases of late-onset eosinophilic asthma associated with 

chronic rhinosinusitis with nasal polyps, which was 

characterized by high expression of specifi c IgE to Staph-

ylococcus aureus enterotoxin and high IL-5  levels [44]. 

Th is study demonstrated the possible presence of the 

association of Th 2/Th 17 cells in bronchoalveolar lavage, 

which was characterized by a more severe course of the 

disease compared to the separate presence of these lym-

phocytes [44]. Patients with non-Th 2 endotype are also 

characterized by late onset of the disease [45]. According 

to the literature, the neutrophil level in sputum is higher 

in elderly patients with BA than in young and middle-

aged patients [45]. Poor response to inhaled and sys-

temic GCs is a typical sign of patients with non-Th 2-type 

infl ammation. It is known that IGCs induce apoptosis of 

eosinophils. However, they have the opposite eff ect on 

neutrophils [40]. Th e main trigger factors in the group 

of  patients with non-Th 2-type infl ammation include 

intense physical activity, weather conditions (in particu-

lar, exposure to cold), exposure to smoking, pollutants, 

and infectious agents. Colonization with microorgan-

isms such as Moraxella, Streptococcus, and Haemophilus 

was associated with higher neutrophil and IL-8 levels in 

BA patients. Association with obesity was established for 

both Th 2- and non-Th 2 endotypes [40, 44].

Th erefore, it becomes obvious that the patients with 

SBA need personalized treatment with  consideration 

to the specifi c pathogenetic symptoms of the disease. 

To distinguish between Th 2- and non-Th 2-type infl am-

mation, biomarkers that play a key role in a particular 

clinical case should be identifi ed. A  perfect biomarker 

is a parameter with high sensitivity and specifi city that 

characterizes the symptoms of the disease, allows choos-

ing targeted therapy, monitoring its eff ectiveness, pre-

dicting the response to treatment. At  the same time, it 

should be non-invasive and available in clinical practice 

[50]. Established markers of Th 2-type infl ammation 

include blood and sputum eosinophilia, increased total 

IgE, and increased FeNO in exhaled air. However, all of 

them have certain limitations [49].

It is diffi  cult to discuss the predominant role of a par-

ticular type of infl ammation in SBA pathogenesis [43, 44]. 

It is noteworthy that the relationship between the sever-

ity of infl ammation and the number of exacerbations, as 

well as the impact on the prognosis of BA, were  dem-

onstrated for both eosinophilic and neutrophilic infl am-

mation [40, 44, 45, 49]. Both sputum eosinophilia and 

neutrophilia are associated with decreased FEV
1
 before 

the bronchodilation test. However, only sputum neutro-

philia was associated with post-bronchodilation FEV
1
 

[40]. Th is supports the impaired immune response as 

the basis for the severe course of BA. Molecular biol-

ogy methods can help conduct a thorough analysis of 

existing impairments, which is required for the develop-

ment of targeted therapy and improved management of 

patients with SBA.

Conclusion
SBA is defi nitely a serious medical and socio-eco-

nomic issue. Non-drug factors and  a  multidisciplinary 

approach are of particular importance in the manage-

ment of such patients. Th e heterogeneity of SBA includes 

the concepts of phenotype and endotype. Th eir determi-

nation in clinical practice is limited but is necessary for 

personalized treatment. A  severe course of this disease 

is due to impaired regulatory mechanisms of innate and 

acquired immunity. Interpretation of  mechanisms that 

cause airway remodeling with no severe infl ammation 

presents a challenge. Further molecular biology studies 

are required in order to explain the pathogenetic mecha-

nisms underlying the severe course of this disease, as well 

as the search for new biomarkers that will allow diagnos-

ing pathological processes in clinical practice.

Вклад авторов: 

Все авторы внесли существенный вклад в подготовку работы, прочли 

и одобрили финальную версию статьи перед публикацией.

Крапошина А.Ю. (ORCID ID: https://orcid.org/0000-0001-6896-

877X): написание текста, подготовка публикации

Собко Е.А. (ORCID ID: https://orcid.org/0000-0002-9377-5213): 

редакти рование текста 

Демко И.В. (ORCID ID: https://orcid.org/0000-0001-8982-5292): 

окончательное утверждение рукописи

Кацер А.Б. (ORCID ID: https://orcid.org/0000-0002-6649-8900): 

сбор материала

Казмерчук О.В. (ORCID ID: https://orcid.org/0000-0001-7999-

4113): написание текста

Абрамов Ю.И. (ORCID ID: https://orcid.org/0000-0002-9937-1025): 

анализ полученных данных

Author Contribution: 

All the authors contributed significantly to the study and the article, read 

and approved the final version of the article before publication.

Kraposhina A.Yu. (ORCID ID: https://orcid.org/0000-0001-6896-

877X): text writing, preparation of a publication



О Б З О Р Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 2 • 2022

121 

Sobko E.A. (ORCID ID: https://orcid.org/0000-0002-9377-5213): 

text editing 

Demko I.V. (ORCID ID: https://orcid.org/0000-0001-8982-5292): 

final approval of the manuscript

Katser A.B. (ORCID ID: https://orcid.org/0000-0002-6649-8900): 

collection of material

Kazmerchuk O.V. (ORCID ID: https://orcid.org/0000-0001-7999-

4113): text writing

Abramov Yu.I. (ORCID ID: https://orcid.org/0000-0002-9937-1025): 

analysis of the received data

Список литературы/ References: 

1. Global Initiative for Asthma (GINA). Global strategy for asthma 

management and prevention. Members of GINA Committees. 2020; 

1-211. [Electronic resource]. URL: https://ginasthma.org/wp-content/

uploads/2020/04/GINA-2020-full-report_-final-_wms.pdf. 

2. Авдеев С.Н., Ненашева Н.М., Жуденков К.В. и др. 

Распространенность, заболеваемость, фенотипы и другие 

характеристики тяжелой бронхиальной астмы в Российской 

Федерации. Пульмонология. 2018; 28(3): 341-358. doi: 

10.18093/0869-0189-2018-28-3-341-358

Avdeev S.N., Nenasheva N.M., Zhudenkov K.V. et al. Prevalence, 

morbidity, phenotypes and other characteristics of severe bronchial 

asthma in Russian Federation. Russian Pulmonology. 2018; 28(3): 

341-358. doi: 10.18093/0869-0189-2018-28-3-341-358 [In Russian].

3. Демко И.В., Собко Е.А., Чубарова С.В. и др. Особенности 

системного воспаления, функции внешнего дыхания 

и морфологической структуры слизистой оболочки бронхов 

при тяжелой бронхиальной астме. Сибирское медицинское 

обозрение. 2014; 5: 47-52. 

Demko I.V., Sobko E.A., Chubarova S.V. et al. Features of the systemic 

inflammation, external respiration functions and morphological 

structure of the bronchial mucous membrane in severe bronchial 

asthma. Sibirskoe meditsinskoe obozrenie. 2014; 5: 47-52. 

[In Russian].

4. Белевский А.С., Зайцев А.А. Фармакоэкономические аспекты 

терапии бронхиальной астмы. Медицинский совет. 2018; 15: 60-

68. doi:10.21518/2079-701X-2018-15-60-68

Belevsky A.S., Zaitsev A.A. Pharmacoeconomic aspects of bronchial 

asthma therapy: real clinical practice. Meditsinskiy sovet = Medical 

Council. 2018; (15): 60-68. doi: 10.21518/2079-701X-2018-15-60-68 

[In Russian].

5. Nagase H. Severe asthma in Japan. Allergology International. 2019; 

68(2): 167-171. doi:10.1016/j.alit.2019.02.004

6. O’Toole J., Mikulic L., Kaminsky D.A. Epidemiology and pulmonary 

physiology of severe asthma. Immunology and Allergy Clinics 

of North America. 2016; 36(3): 425-438. doi: 10.1016/j.

iac.2016.03.001

7. Бродская О.Н. Бронхиальная астма с частыми обострениями: 

факторы риска и меры профилактики. Практическая 

пульмонология. 2016; 3: 11-18. 

Brodskaya O.N. Bronchial asthma with frequent exacerbations: risk 

factors and prevention measures. Prakticheskaya pul’monologiya. 

2016; 3: 11-18. [In Russian].

8. Zein J.G., Dweik R.A., Comhair S.A. et al. Asthma is more severe in 

older adults. PLoS One. 2015; 10(7): e0133490. doi: 10.1371/journal.

pone.0133490

9. Ненашева Н.М. Это трудное слово «комплайнс», или Как можно 

повысить приверженность лечению при бронхиальной астме. 

Астма и аллергия. 2013; 2: 15-19. 

Nenasheva NM. This is a difficult word for «compliance», or How one 

can increase adherence to treatment for bronchial asthma. Asthma 

and allergy. 2013:2:15-19. [In Russian].

10. Hekking P.W., Wener R.R., Amelink M. et al. The prevalence of severe 

refractory asthma. Journal of Allergy and Clinical Immunology. 2015; 

135(4): 896-902. doi: 10.1016/j.jaci.2014.08.042

11. von Bülow A., Backer V., Bodtger U. et al. Differentiation of adult 

severe asthma from difficult-to-treat asthma — Outcomes of a 

systematic assessment protocol. Respiratory Medicine. 2018; 

145: 41-47. doi: 10.1016/j.rmed.2018.10.020

12. van der Meer A.N., Pasma H., Kempenaar-Okkema W. et al. A 1-day 

visit in a severe asthma centre: effect on asthma control, quality 

of life and healthcare use. European Respiratory Journal. 2016; 

48(3): 726-733. doi: 10.1183/13993003.00220-2016

13. Verhamme K.M.C., Lucet C., Van Meerhaeghe A. et al. Real-

life effectiveness of omalizumab in difficult-to-treat versus 

severe asthma: a national cohort study in Belgium. European 

Journal of Operational Research. 2019; 5: 00253-2018. doi: 

10.1183/23120541.00253-2018

14. Chung K.F., Wenzel S.E., Brozek J.L. et al. International ERS/

ATS guidelines on definition, evaluation and treatment of severe 

asthma. European Respiratory Journal. 2014; 43(2): 343-373. 

doi: 10.1183/09031936.00202013

15. Wark P.A.B, Hew M., Maltby S. et al. Diagnosis and investigation in 

the severe asthma clinic. Expert review of respiratory medicine. 2016; 

10(5): 491-503. doi: 10.1586/17476348.2016.1165096

16. Majellano E.C., Clark V.L., Winter N.A. et al. Approaches to the 

assessment of severe asthma: barriers and strategies. Journal of 

Asthma and Allergy. 2019; 12: 235-251 doi: 10.2147/JAA.S178927

17. Hashimoto S., Bel E.H. Current treatment of severe asthma. Clinical 

and Experimental Allergy. 2012; 42(5): 693-705. doi: 10.1111/j.1365-

2222.2011.03936.x

18. Jeong J.S., Lee Y.C. Basics of Severe Asthma in Clinical Practice. In: 

Severe Asthma. Springer, Singapore. 2018: 3-12. doi: 10.1007/978-

981-10-1998-2_1

19. Kang H-R., Song H.J., Nam J.H. et al. Risk factors of asthma 

exacerbation based on asthma severity: a nationwide population-

based observational study in South Korea. BMJ Open. 2018; 

8(3): e020825. doi: 10.1136/ bmjopen-2017-020825

20. McDonald V.M., Maltby S., Reddel H.K. et al. Severe asthma: 

Current management, targeted therapies and future directions-A 

roundtable report. Respirology. 2017; 22(1): 53-60. doi: 10.1111/

resp.12957

21. Menzies-Gow A., Chiu G. Perceptions of asthma control in the 

United Kingdom: a cross-sectional study comparing patient and 

healthcare professionals’ perceptions of asthma control with 

validated ACT scores. NPJ Primary Care Respiratory Medicine. 2017; 

27(1): 48. doi: 10.1038/s41533-017-0050-x

22. Burke H., Davis J., Evans S. et al. A multidisciplinary team case 

management approach reduces the burden of frequent asthma 

admissions. European Journal of Operational Research. 2016; 

2(3): 00039-2016. doi: 10.1183/23120541.00039-2016

23. Hedenrud T., Jakobsson A., Malla H.E., et al. «I did not know it was 

so important to take it the whole time» — self-reported barriers to 

medical treatment among individuals with asthma. BMC Pulmonary 

Medicine. 2019; 19: 175. doi: 10.1186/s12890-019-0934-3

24. Архипов В.В., Лазарева Н.Б. Принципы адекватного 

выполнения ингаляции. Практическая пульмонология. 

2018; 3: 66-74. 

Arkhipov V.V., Lazareva N.B. Principles of adequate inhalation. 

Prakticheskaya pul’monologiya. 2018; 3: 66-74. [In Russian].



R E V I E W  A R T I C L E S The Russian Archives of Internal Medicine • № 2 • 2022

122 

25. Gregoriano C., Dieterle T., Breitenstein A. et al. Use and inhalation 

technique of inhaled medication in patients with asthma and COPD: 

data from a randomized controlled trial. Respiratory Research. 2018; 

19(1): 237. doi: 10.1186/s12931-018-0936-3

26. Lavorini F., Usmani O. Correct inhalation technique is critical in 

achieving good asthma control. Primary Care Respiratory Journal. 

2013; 22: 385-386. doi: 10.4104/pcrj.2013.00097

27. Jahedi L., Downie S.R., Saini B. et al. Inhaler Technique in Asthma: 

How Does It Relate to Patients’ Preferences and Attitudes Toward 

Their Inhalers? Journal of Aerosol Medicine and Pulmonary Drug 

Delivery. 2017; 30(1): 42-52. doi: 10.1089/jamp.2016.1287

28. Asano K., Izuhara K. What we know, do not know, and should know 

about severe asthma. Allergology International. 2019; 68(2): 133-134. 

doi: 10.1016/j.alit.2019.03.002

29. Ненашева Н.М. Фенотипы и выбор терапии. Практическая 

пульмонология. 2014; 2: 2-11. 

Nenasheva NM. Phenotypes and choice of therapy. Prakticheskaya 

pul’monologiya. 2014; 2: 2-11. [In Russian].

30. Клинические рекомендации. Бронхиальная астма. 

Министерство здравоохранения Российской Федерации. 2021; 

1–85. [Электронный ресурс]. URL: http://disuria.ru/_ld/10/1037_

kr21J45J46MZ.pdf (дата обращения: 23.06.2021). 

Clinical guidelines. Bronchial asthma. Ministry of Health of 

the Russian Federation. 2021; 1-85. [Electronic resource]. URL: 

http://disuria.ru/_ld/10/1037_kr21J45J46MZ.pdf (date accessed 

23/06/2021). [In Russian]

31. Сергеева Г.Р., Емельянов А.В., Коровина О.В. и др. Тяжелая 

бронхиальная астма: характеристика пациентов в клинической 

практике. Терапевтический архив. 2015; 87(12): 26-31. 

Sergeeva G.R., Emelyanov A.V., Korovina O.V. et al. Severe asthma: 

Characteristics of patients in clinical practice. Terapevticheskii arkhiv. 

2015; 87(12): 26-31. [In Russian].

32. Ненашева Н.М., Белевский А.С., Фассахов Р.С. и др. Фенотипы 

трудной для терапии бронхиальной астмы: возможности 

достижения контроля. Российский аллергологический журнал. 

2016; 4-5: 43-54. 

Nenasheva N.M., Belevskiy A.S., Fassahov R.S. et al. Asthma 

phenotypes difficult to treat: the possibility to achive a control. 

Russian Journal of Allergy. 2016; 4-5:43-54. [In Russian].

33. Kämpe M., Vosough M, Malinovschi A. et al. Upper airway and skin 

symptoms in allergic and non-allergic asthma: results from the 

Swedish GA2LEN study. Journal of Asthma. 2018; 55(3): 275-283. 

doi: 10.1080/02770903.2017.1326132

34. Hirano T., Matsunaga K. Late-onset asthma: current perspectives. 

Journal of Asthma and Allergy. 2018 Feb 9; 11:19-27. Doi: 10.2147/

JAA.S125948

35. Tan D.J., Walters E.H., Perret J.L. et al. Clinical and functional 

differences between early-onset and late-onset adult asthma: a 

population-based Tasmanian Longitudinal Health Study. Thorax. 

2016; 71(11): 981–987. doi: 10.1136/thoraxjnl-2015-208183

36. Konstantellou E., Papaioannou A.I., Loukides S. et al. Persistent 

airflow obstruction in patients with asthma: Characteristics of a 

distinct clinical phenotype. Respiratory Medicine. 2015; 109: 1404-

1409. doi: 10.1016/j.rmed.2015.09.009

37. Ciebiada M., Domagała M., Gorska-Ciebiada M., et al. Risk factors 

associated with irreversible airway obstruction in nonsmoking adult 

patients with severe asthma. Allergy and Asthma Proceedings. 2014; 

35(5): 72-79. doi: 10.2500/aap.2014.35.3785

38. Bennett G.H., Carpenter L., Hao W. et al. Risk factors and clinical 

outcomes associated with fixed airflow obstruction in older adults 

with asthma. Annals of Allergy, Asthma and Immunology. 2018; 

120(2): 164-168. doi: 10.1016/j.anai.2017.10.004

39. Wang L., Gao S., Zhu W. et al. Risk factors for persistent airflow 

limitation: analysis of 306 patients with asthma. Pakistan Journal 

of Medical Sciences. 2014; 30(6): 1393-1397. doi: 10.12669/

pjms.306.5363

40. Haddad A., Gaudet M., Plesa M. et al. Neutrophils from severe 

asthmatic patients induce epithelial to mesenchymal transition 

in healthy bronchial epithelial cells. Respiratory Research. 2019; 

20(1): 234. doi: 10.1186/s12931-019-1186-8

41. Tashiro H., Shore S.A. Obesity and severe asthma. Allergology 

International. 2019; 68(2): 135-142. doi:10.1016/j.alit.2018.10.004.

42. Kim S., Lee C.H., Jin K.N. et al. Severe Asthma Phenotypes Classified 

by Site of Airway Involvement and Remodeling via Chest CT scan. 

J Investig Allergol Clin Immunol. 2018; 28(5): 312-320. doi: 10.18176/

jiaci.0265. 

43. Robinson D., Humbert M., Buhl R. et al. Revisiting type 2-high and 

type 2-low airway inflammation in asthma: current knowledge and 

therapeutic implications. Clinical and Experimental Allergy. 2017; 

47(2): 161–175. doi: 10.1111/cea.12880.

44. Kuruvilla M.E., Lee F.E-H., Lee G.B. Understanding asthma 

Phenotypes, endotypes, and mechanisms of disease. Clinical Reviews 

in Allergy and Immunology. 2019; 56(2): 219–233. doi: 10.1007/

s12016-018-8712-1

45. Sze E., Bhalla A., Nair P. Mechanisms and therapeutic strategies for 

non-T2 asthma. Allergy. 2020; 75(2): 311–325. doi: 10.1111/all.13985

46. Mogensen I., Alving K., Dahlen S-E. Et al. Fixed airflow obstruction 

relates to eosinophil activation in asthmatics. Clinical and 

Experimental Allergy. 2019; 49: 155–162. doi: 10.1111/cea.13302

47. Просекова Е.В., Турянская А.И., Долгополов М.С. Семейство 

интерлейкина-17 при атопии и аллергических заболеваниях. 

Pacific Medical Journal. 2018; 2: 15–20. doi: 10.17238/PmJ1609-

1175.2018.2.15–20 

Prosekova E.V., Turyanskaya A.I., Dolgopolov M.S. 

Interleukin-17 family in atopy and allergic diseases. Pacific Medical 

Journal. 2018; 2: 15–20. doi: 10.17238/PmJ1609-1175.2018.2.15–20 

[In Russian].

48. Tliba O., Panettieri R.A. Paucigranulocytic asthma: The uncoupling 

of airway obstruction from inflammation. Journal of Allergy and 

Clinical Immunology. 2019; 143(4): 1287–1294. doi: 10.1016/j.

jaci.2018.06.008

49. Rogliani P., Calzetta L., Matera M.G. et al. Severe asthma and 

biological therapy: when, which, and for whom. Pulmonary Therapy. 

2020; 6(1): 47–66. doi: 10.1007/s41030-019-00109-1

50. Pavord I.D., Afzalnia S., Menzies-Gow A., Heaney L.G. The current 

and future role of biomarkers in type 2 cytokine-mediated asthma 

management. Clinical and Experimental Allergy. 2017; 47(2): 148-60. 

doi: 10.1111/cea.12881


