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Background. The continuing increase of the prevalence of asthma in the world, the lack of the expected therapeutic
effect of current programs, make this phenomenon to be studied. One of the main causes of asthma exacerbation and
worsening of the prognosis in the children’s population are infectious diseases that occur in connection with steroid
therapy used in the asthma treatment. Aim: to study the relationship of steroid therapy in asthmatic children with the
occurrence of community-acquired pneumonia, that changes asthma symptoms in them. Materials and methods. 39 chil-
dren aged 3-18 years old with atopic asthma who received corticosteroid therapy, were examined. All patients were
divided into 4 groups: Group 1 - patients received inhaled corticosteroids for 2 years; Group 2 - for 3-5 years;
Group 3 - for more than 5 years; Group 4 - patients with newly diagnosed asthma and a short course of corticosteroid
therapy in the remission. Results. The frequency of community-acquired pneumonia was analyzed in all groups. Strong
positive correlation between the duration of use of moderate and moderate/high dose inhaled corticosteroid therapy
in asthmatic children for more than 2 years and the occurrence of community-acquired pneumonia with development
of complications (pulmonary hypertension, pulmonary fibrosis, pulmonary bullae, bronchiectasis) in 48.7% them was
revealed. Conclusions. Strong positive correlation between the duration of moderate and moderate/high dose inhaled
corticosteroid therapy in asthmatic children for more than 2 years and the occurrence of community-acquired pneumonia
in them was revealed, that necessitates the antibiotics to be included in the medication therapy of asthma.

Keywords: children; asthma; inhaled corticosteroid therapy; community-acquired pneumonia; antibacterial therapy.

BHEBOJ/IbHWYHbIE MHEBMOHUU Y LNETEN C_‘EPOHXMAﬂbHOVI ACTMOM
U PA3HOU ONUTEJIbBHOCTbIO CTEPOMOHOU TEPANNU
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AkTyanbHOCTb. [1pOAOMKAOWMIACS POCT YpOBHS 3aboneBaeMoCTM OPOHXMaNbHOW acTMOM BO BCEM MMpe, OTCYTCTBUE
0XMAaeMOro TepaneBTMyYeckoro adpdekTa COBPEMEHHbIX NMporpaMM 06yCNOBAMBAT HEOOXOAMMOCTb U3yvyeHUs 3Toro de-
HoMeHa. OQHOM M3 BaXXHbIX NMPUYMH, BbI3bIBAOWMX 060CTpEeHNEe BPOHXMANBHOW aCTMbl U YXYALIAOWMX NPOTHO3 B AETCKOM
nonynaunn, SBSKTCS MHPEKLMOHHbIE 3ab0neBaHNs, KOTOpble pa3BMBalOTCS Ha GOHE NPUMEHSEMON B JieYeHUU BPOHXMU-
aNbHOM acTMbl cTeponaHoOM Tepanuu. Llenbto npencTaBneHHOro nccnenoBaHms 6bi10 M3yYnUTb CBSA3b CTEPOUAHON Tepanuu
npu 6pOHXMANbHOM acTMe Y AeTel C YacTOTOM BO3HUMKHOBEHMS BHEDONIbHUYHbBIX MHEBMOHMM, U3MEHSKLMX Klaccuyeckoe
TeyeHne CMMNTOMOB OpOHXMANbHOM acTMbl. MaTepuanbl u Mmetoabl. O6cnenosaHo 39 petelt ot Tpex fo 18 neT c aTonu-
YEeCKMM BapMAHTOM TevyeHUs BPOHXManbHOM acTMbl, NONyYaBlIMX Ba3UCHYO Tepanuio (MHransuMOHHblIE KOPTUKOCTEPOU-
Libl). Bce nauveHTbl 6bInM paspeneHbl HA YeTbipe rpynnbl: 1-g rpynna — nonyyYyeHue MHransuMOHHbIX KOPTUKOCTEPOUIOB
B TeyeHue AByX net; 2-a rpynna — 3-5 net; 3-9 rpynna — 6Gonee 5 net; 4-9 rpynna — naumeHTbl C BNepBble AMArHO-
CTMPOBAHHOM BPOHXMANBHOW ACTMOM U C KOPOTKMM KYPCOM WMHIFansiLMOHHOM CTEPOMIHOM Tepanuu B CTaAuU UHAYKLMK
pemuccumn. PesynbraTel. Bo Bcex rpynnax npoaHanmM3MpoBaHa 4acToTa BHEOObHUYHbIX MHEBMOHMIA. [locne ctaTuCTUYeCKom
06paboTKM MosnyyeHa TecHas MONOXWUTENbHAs KOPPENSLMOHHAsA CBA3b MEXAY ANUTENbHOCTbIO MCMNONb30BaHWUS CPeaHMX
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W CpeLHEBbICOKMX [03 MHIaNALMOHHbIX KOPTUKOCTEPOUIOB Y AeTel C BpoHXManbHOM acTMol 6onee ABYX NeT U HAMYMEM
Yy HUX BHEOONbHWYHOW MHEBMOHMM, C popMUpoBaHUEM Y 48,7 % U3 HUX OC/IONKHEHWI (NErOYHOW TMNEPTEH3UU, MHEBMODHU-
6po3a, neroyHbix 6y, GpoHX03KTa30B). BeiBoAbl. TeCHas NONOXMUTENbHAS KOPPENSALMOHHAS CBA3b MEXAY ANUTENbHOCTHIO
NoJly4YeHUss CPeAHUX U CPeLHEBbICOKMX A03 MHraNnsLMOHHbIX KOPTUKOCTEPOULOB Yy AeTei ¢ BpoHXxmManbHOM acTMoM bonee
LBYX NeT U BO3HUKHOBEHWEM BHEHONbHUYHOW NMHEBMOHMM yKa3blBaeT HAa HEOOXOAMMOCTb Ha3HAYEHUS TaKUM NaLueHTaMm

aHTM6aKTepMaﬂbHOI71 Tepanumu.

KntoueBble cnoBa: netu; 6p0waaanaﬂ dCTMa; MHIFaNAUMOHHAaaA KOPTUKOCTEPOMOAHAA TEPANUA; BHEOOMIbHUYHbIE MHEBMOHWMU;

aHTVIGaKTepVIaJ'IbHaﬂ TeEpanu4.

INTRODUCTION

The high prevalence of asthma in the last three
to four decades has become a serious public health
problem due to the frequent disablement and mor-
tality of patients. According to the Global Initiative
for Asthma (GINA) experts, the world prevalence
of asthma is about 334 million people. More than
250 thousand people die annually from asthma
[11, 12].

Viral infections such as rhinoviruses, respiratory
syncytial viruses, influenza viruses, parainfluenza,
adenoviruses, as well as bacterial and mycoplasma
infections and the development of sensitization to
them can initiate bronchial hyperresponsiveness. In-
fectious agents and their destruction products, espe-
cially peptidoglycans, cause the release of various
biologically active substances, which include not
only histamine, but also components of the kalli-
krein-kinin system, complement system, and sero-
tonin that lead to vascular changes and impaired
microcirculation [3, 8].

Pediatric asthma is a developing disease associ-
ated with the maturation of the neuroendocrine, im-
mune, and respiratory systems. Asthma is a combi-
nation of the effects of genetic, environmental, and
mental factors with dissociative disorders within
the neuroimmunoendocrine complex. We revealed
the regulatory effect of hormones of the central and
peripheral nervous systems on immunogenesis. The
central nervous and immune systems interact with
each other using neurotransmitters, cytokines, and
endocrine hormones [3, 12].

Asthma is a heterogeneous disease characterized
by multifactorial dependence and the interaction of
numerous somatic and mental components [11, 12].
Etiologically and pathogenetically, various clinical
manifestations of asthma are divided conditionally
into phenoendotypes. The phenotypes can combine
with a possible transformation [3, 12].

Despite the significant successes of modern medi-
cine in the diagnosis and treatment of this disease,
stabilization of clinical and functional indicators as-
sociated with asthma management is achieved only
in 50% to 60% of patients that necessitates the study

of the factors that reduce treatment effectiveness.
An important place among them is occupied by the
infections that contribute to the occurrence of ob-
structive bronchial conditions, asthma exacerbations,
and the occurrence of complications [5, 10].

Obstructive conditions in children are more often
associated with a respiratory viral infection. Most
obstructive forms of bronchitis are associated with
RS-viral, parainfluenza infection [3, 4]. In the last
decade, the role of atypical intracellular pathogens,
such as mycoplasmas and chlamydia in asthma ex-
acerbations, has been actively studied [1, 4-7, 10,
13, 14].

Mycoplasmas and chlamydiae are common patho-
gens of severe acute respiratory syndrome in children.
Violation of the drainage function of the bronchi with
asthma fosters the constant colonization of the bron-
chial tree by microbiota and selective reproduction
of some microorganisms. Mucostasis associated with
microorganism-caused inflammation increases the
manifestations of bronchial obstruction, worsens the
clinical course of asthma, and causes complications.
Mycoplasma pneumoniae causes not only bronchial
hyperreactivity but also gamma-interferon synthesis
suppression with the development of a tendency to
chronicity and persistence of microorganisms in the
epithelium. Secondary catarrhal and purulent endo-
bronchitis associated with damage to the respiratory
tract by Mycoplasma pneumoniae is observed in 20%
to 50% of children with asthma [4-6].

The clinical and differential diagnosis of atypical
pneumonia in children presents significant difficulties
because of the non-specificity of the manifestations
and the peculiarity of the course due to the variability
of symptom complexes. More often, the infection is
asymptomatic. However, clinical manifestations that
are not characteristic of asthma exacerbations, such
as signs of intoxication, including an impaired gen-
eral condition and low-grade fever, chronic paroxys-
mal dry cough despite basic treatment for asthma,
obstructive respiratory dysfunction, scattered dry and
chesty small bubbling rales during auscultation, ex-
clude microorganism-caused inflammation. Damage
to the respiratory tract by atypical microorganisms
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is associated not only with the alveolar, but also
with the interstitial-type of lung tissue infiltration
with impaired bronchial evacuation function, in-
creased airiness areas, interalveolar septum rupture,
false cysts, and the risk of subsequent spontaneous
pneumothorax [2, 5].

The final diagnosis can be established based on
laboratory results when intracellular pathogens in ep-
ithelial cells and their antigens, as well as IgM, IgA,
and IgG against atypical pathogens, are detected.

Asthma is diagnosed according to the annually
reviewed and updated GINA protocol adopted by the
associations of allergists.

It is generally recognized that inhaled corticoste-
roids (ICS) are most effective in asthma treatment.
However, ICS are safer compared with oral steroids.
The use of ICS in clinical practice significantly im-
proved the quality of asthma therapy [3, 9].

With asthma, ICS have a powerful anti-inflam-
matory effect because of their genomic and extrage-
nomic activity. The genomic mechanism involves
the binding of specific cytoplasmic receptors at any
dosage no earlier than 30 minutes after the forma-
tion of the hormone-receptor complex at the start of
anti-inflammatory protein synthesis and decreased
the synthesis of pro-inflammatory proteins, such
as cytokines, enzymes, and adhesion molecules.
ICS have direct inhibitory effects on macrophages,
T-lymphocytes, eosinophils, and epithelial cells
involved in the inflammatory process, reduce the
number of mast cells in the airways, inhibit the
formation of many mediators by lymphocytes and
macrophages, such as interleukins 1, 2, 3, 4, 5, 13,
TNF-a, RANTES, and GM —CFS. The non-genomic
anti-inflammatory effect of ICS is associated with
the stabilization of lysosomal membranes, decrease
in cell membrane permeability, decrease in capillary
permeability and local blood flow in the inflamma-
tion areas, decrease in the swelling of endothelial
cells, impairment in the ability of immune com-
plexes to penetrate through the basement membrane,
inhibition of fibroblast growth, suppression of col-
lagen and mucopolysaccharide synthesis, vasocon-
striction in the focus of inflammation, and decrease
in vasopermeability partly due to the inhibition of
prostaglandins synthesis [3]. ICS significantly im-
prove the clinical symptoms of the disease.

Despite the high efficiency of ICS in the treat-
ment of children with asthma, the side effects of
this therapy, in particular, microbial and viral lesions
of the bronchopulmonary system, cannot be ignored.
In the presence of structural damage to the lungs in
patients with asthma, the prescription of ICS should
be justified [15].

Patients with atopic asthma are genetically pre-
disposed to intracellular infections, preconditioning
them to a more severe course of non-specific inflam-
matory lung diseases and exacerbations of chronic
bronchopulmonary pathology that leads to bronchiec-
tasis, pneumosclerosis, or deforming bronchitis. With
infantile respiratory mycoplasmosis, the incidence of
recurrent and chronic pathology of the respiratory
system can be 50.6% [4, 5, 13, 14].

The goal is to study the relationship between the
duration of steroid therapy with pediatric asthma
and the incidence of community-acquired pneumo-
nia (CAP).

MATERIAL AND METHODS

We examined 39 children of ages 3 to 18 years
old who underwent treatment for atopic asthma.
In 66.7% of cases (26 children), the course was
mild persistent; in 33.3% (13 patients), the course
was moderate. Asthma was diagnosed according to
the adopted protocol [3], which included complaints,
a case history of the children, clinical, a laboratory
(hemogram with eosinophilia detection, determination
of IgE level), and instrumental examination (chest x-
ray, ECG, echocardiography; computed tomography
and spirography, if medically required). CAP was
diagnosed using accepted criteria based on clini-
cal and radiological signs. A serological study was
done to determine IgM and IgG against mycoplasma,
chlamydia, cytomegalovirus (CMV), Epstein-Barr vi-
rus (EBV), and enzyme-linked immunosorbent assay
(ELISA) in the blood serum. Polymerase chain reac-
tion (PCR) was used to detect the causative agents
of CAP in asymptomatic, latent, and chronic forms
of infection.

ECG, echocardiography, and computed tomo-
graphy (CTG) were performed to identify compli-
cations.

All the patients received basic therapy including
ICS at low, medium, and medium-high doses. They
were divided into four groups. Group 1 included the
children who received ICS for two years from the
diagnosis of asthma; group 2 received ICS for 3 to
5 years; group 3 received ICS for more than 5 years;
group 4 included the patients with newly diagnosed
asthma who received ICS for a short time in the
remission-induction stage.

The results were analyzed statistically with the
calculation of the relative values difference signifi-
cance (). The coefficient (r ) was calculated to de-
termine correlations. The differences in the studied
distributions, such as the incidence of CAP in chil-
dren with asthma with prolonged ICS course, and
the incidence of CAP in patients who did not receive
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ICS with the first diagnosed asthma, were detected
by calculating the compliance indicator (y?).

RESULTS

We examined 39 children with atopic complaints,
including 31 (79.5%) patients with allergic history
and physical changes in the bronchopulmonary sys-
tem characteristic of asthma. The hemogram showed
that 71.8% of patients suffered from eosinophilia,
35.9% had an increased level of total IgE in serum.
An x-ray of the chest organs showed bloating of the
lung tissue and a bronchovascular pattern deforma-
tion in all the patients. The study of the external
respiration functioning resulted in the detection of
ventilation failure of the obstructive type in 52.6%
of cases; ventilation failure of the mixed type was
found in 26.3% of children older than seven years
old. The changes revealed made it possible to di-
agnose asthma and prescribe the basic ICS therapy.

Groups 1 and 3 included six children (15.4%),
group 2 included 12 children (30.8%), and group
4 included 15 children (38.4%). Low doses of ICS
were prescribed to 12 patients (30.8%), medium dos-
es of ICS were prescribed to 18 patients (46.1%),
and medium-high doses of ICS were prescribed to
nine patients (23.1%). All the patients from group 1
received medium doses of ICS. Medium-high doses
of ICS were prescribed to all patients from group 3,
and low doses of ICS were prescribed to 70% of the
children from group 4. In group 2, average doses of
ICS were prescribed to 75% of the patients, whereas
medium-high doses of ICS were prescribed to 25%
of the patients.

CAP was detected in 22 patients with asthma
(56.4%). The severity of asthma symptoms in chil-
dren with CAP was more pronounced in comparison
with the children who did not develop symptoms
of pneumonia and was characterized by the dura-
tion of respiratory manifestations, including bron-
chial obstruction. In 17 children (43.6%) without
signs of pneumonia, bronchial obstruction lasted
5.5+2.3 days. In patients with asthma and pneu-
monia, with symptoms of intoxication, physical
changes in the lungs, characteristic of pneumonia,
lasted 11.5+2.0 days.

When studying the etiology of CAP using an
ELISA and determining antibodies against infectious
agents, mycoplasma infection (MPI) was detected in
20 children (90.9%), chlamydial infection (CI) was
detected in six patients (27.3%), EBV was detected
in five patients (22.7%), and pneumococcus (PC) was
detected in three patients (13.6%). A combination of
several pathogens, such as MPI, CMV, CI, and EBV,
was detected in 12 patients (54.5%).

The titer of IgM and IgG against mycoplasma
were found in 27 children (72.7%). In the acute pe-
riod, positive mycoplasma IgM with negative IgG
were in nine patients (33.3%), and positive myco-
plasma IgM and IgG were observed in eight children
(29.7%). No mycoplasma IgM was detected with a
positive IgG in three patients (11.1%), and nega-
tive IgM and IgG were detected in seven children
(25.9%). At 2 to 3 weeks after the initial examination
and obtaining positive results, the second study of
paired sera was conducted in 12 children (60%) with
established mycoplasma pneumonia. A high level of
mycoplasma IgM (>1 : 32) was maintained in eight
of them (66.7%), an IgG titer >1 : 64 was found in
four children (33.3%) in the absence of an increase
in IgM level. The results obtained do not allow ex-
cluding the persistent course of mycoplasma infection
in 11 patients with asthma (55%).

In group 1, CAP was diagnosed in six patients
(66.7%); in group 2, CAP was diagnosed in 11
(91.7%); in group 3, CAP was diagnosed in all
patients (100%); in group 4, CAP was diagnosed
in one patient (6.7%). A strong positive correlation
(rxy=0.98; p<0.001) was found between the dura-
tion of ICS in asthma patients and CAP incidence

The introduction of targeted antibacterial therapy
(macrolides) into the basic course of asthma treat-
ment has significantly improved the condition of
patients by eliminating intoxication and reducing
respiratory syndrome manifestations.

The examination of the patients allowed estab-
lishing a statistically significant (p < 0.001) predomi-
nance of CAP in children with asthma who received
ICS for more than two years, compared with patients
with newly diagnosed asthma who just started on
steroid therapy.

Signs of pulmonary hypertension (PH) were
first recorded in 19 patients (48.7%) with a mo-
derate (59.1%) and mild persistent course (27.1%)
of asthma. The patients complained of fatigue and
shortness of breath after light physical activity with
increased bronchial obstruction. Heart auscultation
revealed tachycardia and pronounced pulmonic com-
ponent of the second heart sound (P2). During the
instrumental examination, the ECG showed signs
of venous heart overload. The X-ray of the chest
organs showed congestion, smoothing of the heart
waist by the second arc. Echocardiography showed
an increase in pressure in the pulmonary artery of
more than 25 mm.

Probably, the established PH signs can be ex-
plained by the Euler—Lillestrand mechanism associ-
ated with an increase of pressure in the pulmonary
artery with the obstructive forms of chronic bron-
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chopulmonary pathology (including asthma). Alveo-
lar hypoventilation and resulting alveolar hypoxia
with bronchial obstruction cause spasm of the ar-
terioles of the pulmonary circulation, restrict blood
flow through insufficiently ventilated sections of the
lung and prevent the shunt of venous blood into the
pulmonary circulation, which causes a generalized
reduction of arterioles and pulmonary hypertension.
At the initial stages, PH symptoms are not pro-
nounced, but if PH is untreated for a long time, it
can result in respiratory and heart failure and cause
disability or death.

During an exacerbation of asthma provoked by
CAP with PH signs, 12 (63.1%) patients from groups
2 and 3 were observed to exhibit long-term clinical
signs, such as reduced general condition, severe fa-
tigue, shortness of breath, chest pain, frequent cough
with mucopurulent sputum. They also showed radio-
logical signs of interstitial pneumofibrosis, includ-
ing increased and deformed interstitial components
of the pulmonary pattern, fine-meshed and medium-
meshed formations in the pulmonary fields, that were
also found for the first time. These changes can be
explained by the persistent course of mycoplasma
inflammation with a primary lesion of the lungs in-
terstitium.

In three children (25%) with PH and pneumofi-
brosis signs, pulmonary bullae were detected in an
observational chest X-ray image and pulmonary bul-
lae and bronchiectasis in a CTG image. They were
absent in previous images that were taken three or
more years ago at the beginning of the observation.
We noted deformation and an increase in the lung
pattern due to peribronchial fibrotic and inflamma-
tory changes, cellular lung pattern in the region of
the lower segments of the lungs, as well as thicken-
ing, unevenness of the bronchi walls, the presence
of mucocele. These changes are probably associated
with deep damage to the lung tissue in the case of
CAP, including an interstitial lesion with interstitial
tissue elasticity degradation, excessive stretching of
the wall of the inflamed, exudated bronchus, and
emphysema site of the lung.

CONCLUSIONS

1. In children with asthma, we revealed a strong
positive correlation between receiving medium and
medium-high doses of ICS for more than two years
and the occurrence of CAP.

2. The etiology of CAP is represented by MP
and CMYV infection, as well as by a combination of
pathogens that requires the expansion of therapeutic
care for children with asthma and targeted antibacte-
rial therapy.

3. A more severe course of asthma has been es-
tablished in children with CAP. It was characterized
by a longer bronchial obstructive episode due to in-
toxication and complications.

4. It is necessary to monitor the condition and
conduct a thorough examination of children who
have received medium and medium-high doses of
ICS for a long time (more than two years) to improve
the diagnosis and treatment of asthma and prevent its
complications. If CAP is detected, antibiotic therapy
is prescribed.
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