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MODERN VIEW FROM UKRAINE ON ETIOLOGY,
PATHOGENESIS AND CLINICAL-DIAGNOSTIC ASPECTS
OF COMMUNITY-ACQUIRED PNEUMONIA IN
CHILDREN

Pneumonia is a disease characterized by lung tissue inflammation
and the development of respiratory failure. Pneumonia is the most
common infectious cause of childhood mortality, occurring every 43
seconds worldwide. Despite advancements in medicine and the use
of cutting-edge diagnostic, treatment, and preventive technologies,
the incidence of pneumonia remains relatively high, especially in
resource-poor countries, adversely affecting the socio-economic life
of society.

Objective: To summarize contemporary scientific perspectives
on the classification, etiology, pathogenesis, and clinical-diagnostic
aspects of community-acquired pneumonia in children.

Materials and Methods: The literature search was conducted
using PubMed, Scopus, Web of Science, WHO, UNICEF databases,
international protocols, as well as domestic scientific manuals and
professional publications, and medical care standards. Search terms
included "community-acquired pneumonia,” "pneumonia in
childhood," and "pneumonia in children." The analysis utilized
methods such as a systemic approach, epidemiological analysis,
bibliosemantic analysis, and graphical representation.

Results: It was conducted the search and analysis of modern
scientific medical literature on community-acquired pneumonia in
childhood. Pneumonia is a leading infectious cause of illness and
hospitalization in children worldwide. Bacteria, viruses, and mixed
infections are identified among the main etiological agents, with
cases of non-specific pathogens also observed. The variation in
pathogens is presented based on age groups. It is discussed major risk
factors for community-acquired pneumonia and pathways of
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pathogen penetration. Modern insights into the disease's
pathogenesis are analyzed, involving a complex process with stages
characterized by the development of infectious toxemia, respiratory
failure, and disturbances in water-electrolyte balance. The main
clinical symptoms are described according to the child's age, along
with contemporary methods of laboratory and instrumental
diagnostics of community-acquired pneumonia.

Conclusions: Information from scientific literature is provided
on the contemporary definition, classification, epidemiology,
etiology, pathogenesis, clinical presentation, and diagnostics of
community-acquired pneumonia in childhood. Currently, severe and
non-severe forms of pneumonia are distinguished based on
respiratory rate and additional threatening symptoms. The increasing
incidence of viral-bacterial pneumonia is noted, with bacteria
remaining the primary etiological factor. Pneumococcus and
Haemophilus influenzae type B predominate among bacteria. It is
also observed an increase in cases of viral pneumonia, attributed to
respiratory syncytial and coronavirus infections. The disease's
pathogenesis involves multiple phases with the involvement of other
organ systems. Clinical features of community-acquired pneumonia
include fever, respiratory failure, and cough. Laboratory diagnostic
methods include a complete blood count, determination of C-reactive
protein levels, and procalcitonin. Among diagnostic methods, chest
X-ray, computed tomography, and ultrasound diagnostics of the
chest organs are considered the most conclusive.

Keywords:  community-acquired  pneumonia,
inflammation.
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CYUYACHMU TOIJisi[ 3 YKPAIHH HA ETIOJIOI'TYHI,
IMATOTEHETHYHI TA  KJIHIKO-JIATHOCTHUYHI
ACIEKTH INO3ATOCHITAJIBHOI THEBMOHII ¥V TITER

ITHeBMOHIST — 1€ 3aXBOPIOBAHHS, M0 XapaKTePH3YEThCS

YpaXEeHHSIM  JIEr€HEBO1 PO3BUTKOM  JTUXaJbHOI

HEJJOCTAaTHOCTI. 3arajieHHs JIeTeHb € HaifyacTilow iHQeKuiiHO©

TKaHUHU Ta

MPUYNHOIO JUTSYAX CMepTed, KoxkHi 43 cekyHam y cBiti. |
HE3Ba)KAIOUM HAa CYYaCHUH PO3BUTOK MEIAWIMHHU Ta BHKOPHCTAHHS
HOBITHIX TEXHOIOTIH IarHOCTHKH, IIKyBaHHA 1 TPOQITAKTHKH,
piBEHb 3aXBOPIOBAHOCTI HA ITHEBMOHIIO 3aJMIIAE€THCS JTOBOJI
BHCOKHI1, 0cO0JIMBO Yy KpaiHax 3 O1THUMH pecypcamMu, 0 HETaTUBHO
BiIOOPaXXyETHCS Ha COLIaIbHO-EKOHOMIYHOMY KHTTi CyCIiJIBCTBA.

Merta — y3araJibHeHHsS Cy4YaCHHMX HAYKOBHX TOIJIAIIB IOJO
knacugikarii, erioJyiorii, matoreHe3y Ta KIIHIKO-IIarHOCTHYHUX
ACTIEKTiB M03aroCHiTAIBHOT THEBMOHII y JTiTEH.

Martepiann Ta MeTOIM. JiTeparypu
npoBoauBcs Ha 6a3i nanux PubMed, Scopus, Web of Science, nannx
BOO3, IOHICE®, MikHapoJHHX HPOTOKOJIB Ta y BITUYU3HSIHUX
HAYKOBHUX IMOCIOHUKAX 1 ()aXOBHX BUIAHHAX, CTAHIAPTAX MEIUIHOL

Ilomyk HaykoBOi

JIOTIOMOTH. J[JIsI TIOIIYKYy BHKOPHCTOBYBAIKCH TONIYKOBI TEPMIiHU
"Mmo3arocriTaibHa THEBMOHiS", "ITHEBMOHIS y IUTAYOMY Bimi",
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THO3eMHUX MO8 ma

"3amaneHHs JereHs y aitei". Y Xoxai aHaizy 3aCTOCOBAaHO METOJH:
CHCTEMHOTO TIiIXOJy, eIliIeMiOJIOTigHIH,
rpaigHOTO 300paKeHHS.

PesyabtaTn. bymo 3xilicHeHO momryk Ta oOpoOKy CydacHOi
HayKOBOT MEIMYHOI JIITEpaTypH 3 TEMH [103aroCIiTalIbHA ITHEBMOHIS
y JAUTAYOMY Bimi. 3amaneHHs JieTeHb — OJHa 3 TOJOBHHX
iHQeKUIHHNX TPUYUH 3aXBOPIOBAHOCTI Ta TOCHiTai3aumiid JiTei
ycboro cBiTy. Cepell OCHOBHUX €TiOJIOTIYHUX 30Y/THUKIB BUSBIISIIOT
Oakrepii, Bipycn Ta Mikc-iH(}EKIIl, TaKOXX € BHUNAAKH, B SKUX

010110CEMaHTUYHHM,

BHABIIIOTHCA Hecnenudiuai maroreHu. [lopsn 3 TUM mpeacTaBieHi
JaHi MIOA0 BapifoBaHHS 30yTHHKIB 3ale)KHO BiJ BIKOBOI TPYIIH.
HaBeneHi OcHOBHI (haKkTOpPH PHU3UKY PO3BUTKY I103aTrOCIITAIBHOT
MTHEBMOHII Ta NUIAXH NMPOHUKHEHHs 30yAHMKiB. IIpoaHanizoBaHO
CydYacHi JJaHi 3 MUTaHHA MMATOTCHE3Y 3aXBOPIOBAHHS, KU € JOBOIII
y JeKiUIbKa eTamiB Ta

CKJIaJHUM  IIpOLECOM,

XapaKTePU3Y€ETHCS PO3BUTKOM iH(MEKI[IHHOTO TOKCHKO3Y, TUXATBHOT

MPOXOJNTh
HEJIOCTaTHOCTI, TOPYLIEHHSIM BOJHO-EJIEKTPOJITHOrO OanaHcy.
OnucaHo Ta OXapaKTCPU30BAHO OCHOBHI KJIIHIYHI CHMIITOMH
3aJICKHO BiJ BIKY JUTUHH Ta HAaBEICHI Cy4YacCHI METOJH
nmabopaTopHOI Ta IHCTPYMEHTAIBHOT TIarHOCTUKH T103aTOCIITaIbHOT
ITHEBMOHIl.
BucHoBku. 3a [aHMMH HAyKOBOi JTepaTypu HaBEICHO
iHpopMaLil0 IOO0  CYY4acHOTO Kiacuikarii,

emizemionorii, eTioJorii, matoreHe3y, KIIIHIKM Ta MiarHOCTHKH

BHU3HA4YCHH,

1103arocmiTaJbHOI THEBMOHIT y AMTsHOMYy Biui. Hapasi Buminsrots
TSDKKY Ta HETsDKKY (DOpMY 3amalieHHs JIeTeHb, 3aJIe)KHO Bl 4aCTOTH
JUXaHHS Ta JOJATKOBUX 3arpo3jMBUX CHMITOMIB. BcTaHoBIeHO,
110 3pOCTa€ KUIbKICTh BUNAJKIB MOEAHAHOT BipyCHO-0aKTepianbHOT
nHeBMOHi1. [TaToreHnes 3aXxBOPIOBaHHS POXOIUThH y JeKiIbKa (a3 i3
3alydeHHSM [HIIUX CHUCTeM opraHizMmy. s KITiHIYHOT KapTUHU
M03aroCIiTaJbHOI ITHEBMOHIT XapaKTepHi: JMXOMaHKa, IHXajbHa
HEIOCTATHICTh, Kamenb. 3 Ja00paTOpHHUX METOMIB MiarHOCTHKH
BHKOPHCTOBYIOTHCS KIIIHIYHUI aHaIi3 KpoBi, BU3HA4YeHHs piBHA C —
peakTHBHOTO Oinka, NpoKadbUUTOHIHY. Cepen AiarHOCTHIHHX
METOIB HAHOIJIbII TOKA30BUMH € PeHTreHorpadis, KOMIT I0TepHa
ToMorpadisi Ta yJIbTPa3ByKOBa JiarHOCTHKa OpPraHiB TIpyAHOI
KJTITKH.

Ku1104oBi cjioBa: mo3arocmitajabHa THEBMOHIsI, TiTH, 3alaJeHHS.

Aemop, sionosioansuuii 3a aucmyeanns: Jloomuna Tapamax, xagedpa nediampii, CymcovKkuii depocasHuil
yuigepcumem, m. Cymu, Yxpaina, e-mail: |.taramak@med.sumdu.edu.ua

ABBREVIATIONS:
AP — arterial pressure
ARI — acute respiratory infections

CAP — community-acquired pneumonia

Chest Organs — organs of the thoracic cavity

CT — computed tomography

ECG - electrocardiography

ECHO - echocardiography

ESR — erythrocyte sedimentation rate
Min — minute

MOH — Ministry of Health
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PCR — polymerase chain reaction
P/R — pulse/respiration

RF — respiratory failure

RR — respiratory rate

TLC - total lung capacity

TV — tidal volume

UNICEF — United Nations International Children's Emergency Fund Introduction

US — ultrasonography
WHO — World Health Organization

INTRODUCTION / BCTYII

One of the indicators of overall well-being and a
marker of social and environmental issues in society
is the health of the child population. Respiratory
organ diseases in children pose a significant medical
and social problem, as they determine the level of
childhood morbidity and mortality. Despite the
achievements of modern medicine, community-
acquired pneumonia (CAP) remains the most
common reason for seeking medical care and
hospitalizations. In recent years, the number of
hospitalizations related to bronchopulmonary
diseases in children has increased 3.6 times, mainly
due to inflammatory processes in the upper and
lower respiratory tract [1, 2, 3]. Each year,
approximately 155 million cases of pneumonia are
recorded among the child population worldwide,
especially in countries with limited resources [1, 4,
5, 6, 7]. According to researchers, the incidence of
pneumonia in young children in economically
developed regions does not exceed 3-4% [8]. In
Europe, approximately 300 children per 100,000
population aged 0 to 16 years fall ill with pneumonia
annually [5]. Between 7 and 13% of children require
hospitalization for pneumonia [9]. While there has
been a decrease in pneumonia incidence worldwide
(due to vaccine use and improved diagnostics), the
number of child hospitalizations has increased 2.9
times, particularly due to severe and complicated
cases, especially during the Covid-19 pandemic,
placing a significant burden on the healthcare system
[4, 10]. In Ukraine, more than 60,000 cases of
community-acquired pneumonia are registered
annually [11].

The problem of pneumonia is relevant not only
due to high morbidity and hospitalizations but also
because of a significant mortality rate [2, 4, 6, 7, 12].
According to UNICEF and WHO experts,
pneumonia accounts for about 15% of child
mortality cases, nearly 2 million children annually.
In 2019, pneumonia claimed the lives of 921,000
children under the age of 5, accounting for 14% of

total deaths in this age group [1, 2, 3,4, 6, 7, 12]. In
industrially developed countries, the child mortality
rate from pneumonia is no more than 8-9% of all
causes of mortality. However, in countries with low
cultural, socio-economic levels, and unstable
political situations, the frequency of pneumonia in
similar age groups exceeds 10-20%, and its
proportion in the structure of child mortality exceeds
25% [1, 2, 4, 7]. The mortality rate among
hospitalized children under 5 years of age in
developed countries is approximately 1%, with
economically poor countries having a higher rate [7,
8]. In Ukraine, the average mortality from
pneumonia is 13.1 per 10,000, and respiratory tract
diseases rank third in the structure of early childhood
mortality after perinatal pathology and congenital
malformations [6, 11, 13].

Pneumonia is one of the most common
indications for prescribing antibiotic therapy, posing
a significant issue given the global rise in antibiotic
resistance [3, 5, 14]. Therefore, prevention, timely
diagnosis, and appropriately prescribed treatment
considering etiological and pathogenetic factors
expedite  recovery and prevent unwanted
complications.

Objective: To analyze contemporary scientific
data from various sources regarding the peculiarities
of the etiopathogenesis, clinical course, and
diagnosis of community-acquired pneumonia in
children.

Materials and Methods: The scientific search
was conducted using the databases PubMed, Scopus,
Web of Science, WHO, UNICEF, international
protocols, domestic scientific manuals, professional
publications, and medical care standards. Search
terms included "community-acquired pneumonia,”
"pneumonia in childhood," "pneumonia in children."
The methods used were a systemic approach,
epidemiological analysis, bibliosemantic analysis,
and graphical representation.

Results: Pneumonia is an acute infectious-
inflammatory disease of the lung parenchyma
characterized by infiltrative changes in lung tissue




and respiratory failure. The disease in children
manifests as infectious damage to alveoli,
accompanied by inflammatory infiltration of the
parenchyma (neutrophils, macrophages,
lymphocytes, etc.) and its exudation, water-
electrolyte, and other metabolic disturbances with
pathological shifts in all organs and systems of the
child's body [10, 11, 12]. According to other
definitions, pneumonia is considered a group of
different etiology, pathogenesis, and morphological
characteristics of acute  focal infectious-
inflammatory lung diseases with mandatory
presence of intra-alveolar inflammatory exudation or
invasion of the lower respiratory tract located below
the larynx, caused by pathogenic microorganisms
through inhalation, aspiration, invasion of the
respiratory tract epithelium, or hematogenous spread
[13, 14]. According to V. Nelson, pneumonia is
considered an infection of the lower respiratory tract
affecting the airways and lung parenchyma, leading
to the consolidation of alveolar spaces [15].
According to the appendices to the order of the
Ministry of Health of Ukraine (2022), pneumonia is
an infection of infectious origin caused by

Table 1 — Classification of pneumonia

microorganisms with subsequent development of an
inflammatory reaction in alveoli with or without
bronchial or bronchiolar involvement [6].

In 2014, the latest classification of pneumonia
was reviewed by WHO. According to this clinically
recommended classification, only "pneumonia with
accelerated  breathing and/or  refractoriness/
retraction of the intercostal spaces of the chest"
("non-severe pneumonia™) and "severe pneumonia
with  additional danger signs" should be
distinguished [3]. In other words, non-severe
pneumonia is defined by the respiratory rate:

> 50 / min for children aged 2—11 months,

> 40 / min for children aged 12-59 months,

> 20 / min for children aged 5 years and older,
plus chest retraction or without it.

Severe pneumonia manifests with symptoms
similar to non-severe pneumonia but includes
additional threatening symptoms such as refusal to
eat, sudden deterioration of the general condition,
drowsiness, unconsciousness, dehydration, and
cerebral seizures [3, 6]. The classification according
to Ukrainian authors is presented in Table 1 [12].

Accordin According to .
g g According to the
. to the By By degree the presence
By origin . . . course of the
clinical and | localization | of severity of .
S disease
X-ray form complications
community-acquired; focal; right-sided,; mild; not acute pneumonia
hospital-acquired; segmental; left sided; moderate; complicated; (up to 6 weeks);
ventilation; aspiration; lobar; bilateral severe complicated prolonged
intrauterine; with interstitial pneumonia (6
immunodeficiency pneumonia weeks or more)

According to epidemiological studies in recent
decades, it has been identified a significant
correlation between age and the frequency of
pneumonia [16, 17, 18]. It is established that
pneumonia is diagnosed in approximately 20 out of
1000 infants and 40 out of 1000 preschool children
[2, 5]. In Ukraine, the incidence of pneumonia in
children ranges from 4 cases per 1,000 infants aged
1 month to 20 cases per 1,000 children aged 15 years
[10, 11]. The highest percentage of pneumonia cases
occurs among children under 6 years old, accounting
for 54.5% of all cases, followed by children aged 7—
14 years (35.9%), and 9.45% in those older than 15
years [8]. According to the statistics of the Ministry
of Health of Ukraine, annually, 90,000 to 140,000
children in Ukraine suffer from pneumonia, with
hospitalization rates of 25-30% for those under 1

year, 50% for those aged 1 to 5 years, and 10-20%
for those older than 5 years. Over the past 10 years,
pneumonia incidence in Ukraine has increased by
33.7-40% [6, 8].

The infectious agents causing community-
acquired pneumonia (CAP) vary depending on the
child's age [11, 15, 21, 22, 23, 24, 25]. S.
pneumoniae is the most common bacterial agent of
CAP in children of all age groups (18-28%) [5, 12,
13, 15, 16, 19, 23, 24]. This rate has somewhat
decreased with the introduction of vaccination [26].
In newborns in the early neonatal period (up to 7
days of life), the main agents are E. coli, S.
agalactiae, Listeria monocytogenes [15]. Among
infants aged up to 6 months, the etiological factors
of CAP include E. coli, group B streptococci, other
gram-negative bacilli, respiratory syncytial viruses,




coronaviruses, and rarely Moraxella catarrhalis [12,
16, 18, 25, 27]. In the age group of 6 months to 5
years, the etiological agents of CAP are
S. pneumoniae (70-88%), H. influenzae type b (up to
10%), M. pneumoniae (15%), C. pneumoniae (3—-7%),
and viruses [12, 13, 15, 16, 23, 27]. Among viruses,
respiratory  syncytial virus, influenza viruses,

parainfluenza viruses, rhino- and adenoviruses, and
coronaviruses are common [12, 16, 18, 21, 23, 28, 29].
In school-age children, the etiological agents of CAP
are S. pneumoniae (35-40%), M. pneumoniae (23—
44%), C. pneumoniae (15-30%), and H. influenzae
type b (rarely) [12, 16, 23, 29].

W S. pneumoniae
B H. influenza

B M. pneumoniae
m C. pneumonia

m Other

Figure 1 —The structure of etiological bacterial pathogens of community-acquired pneumonia in children aged

6 months to 5 years

Other etiological agents may be considered
depending on specific contacts and include
Staphylococcus aureus, Streptococcus pyogenes
(especially  after the flu), Mycobacterium
tuberculosis, Francisella tularensis, Brucella spp,
Coxiella  burnetii,  Chlamydophila  psittaci,
Legionella pneumophila, Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis, and
oral flora or gram-negative bacilli (after aspiration)
[15, 25, 24, 26, 28, 29, 30]. It should be noted that
some authors emphasize the high frequency of

detection of viral-bacterial associations, ranging
from 21 to 33% of cases. The most common causes
of mixed infection are mycoplasma and viruses. It is
also established that the frequency of co-infection is
higher in severe M. pneumoniae infection than in
non-severe pneumonia [30, 31, 32]. Pneumonia
caused by rubella, chickenpox, measles, as well as
Pneumocystis jiroveci and fungi such as Candida
albicans, Aspergillus niger, and Variotii Zaaminelli,
has been described [15, 24, 29].

B S. pneumonia
B M. pneumonia
m C. pneumonia

H Other

Figure 2 — Etiological structure of bacterial pathogens of nosocomial pneumonia in children aged 6 to 18 years
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In the absence of humoral immunity and
immunodeficiency, pneumonia in children can be
caused by pneumaococci, staphylococci,
enterobacteria. In children with primary cellular
immunodeficiencies, HIV-infected, and those with
AIDS, as well as in cases of prolonged corticosteroid
therapy, pneumonia is more often caused by P.
carinii, Candida  fungi, and rarely by
cytomegalovirus, Mycobacterium avium [15, 16,
29]. In patients with acute leukemia and lymphomas
with neutropenia, pneumonia can be caused by both
bacteria and viruses and fungi [12, 15, 29].
Pneumonia in patients with cystic fibrosis is usually
caused by S. aureus in infants and Pseudomonas
aeruginosa or Burkholderia cepacia in older patients
[25, 26].

Risk factors for pneumonia in childhood include
weakened immune systems often associated with
malnutrition, congenital pathologies, low birth
weight, incomplete immunization, a history of
antibiotic therapy, frequent acute respiratory
infections (ARI), and environmental factors. The
latter includes environmental pollution and indoor
air quality, smoking in the patient's family, and
living in densely populated buildings [15, 25, 30, 33,
34, 35, 36].

The infection in CAP enters the body through
various pathways: airborne (viruses, chlamydia,
mycoplasma, legionella); microaspiration (from the
naso- and oropharynx) - (streptococci, oral
anaerobes, pneumococci, Haemophilus influenzae);
contact (streptococci, pneumococci, chlamydia, blue
pus bacillus, mycobacteria); aspiration (anaerobes
and  gram-negative  bacilli);  hematogenous
(Staphylococcus aureus, gram-negative bacilli). The
lymphatic route is possible only if the barrier
function of the lymphatic ring is compromised [10,
13, 16, 34, 36]. The development of CAP in children
is often preceded by ARI, which can be complicated
by bacterial infection or its association with viruses.
Additionally, respiratory diseases decrease the
immunological reactivity of the child's body and
alter the state of the respiratory tract epithelium,
opening the way for bacterial flora [15, 17, 30].
Additionally, the body has barriers that prevent the
entry of pathogens. These include anatomical
structures such as nasal hair, nasal conchae, tonsils,
cilia, humoral, and cellular immunity. Disruption of
the functioning of these protective mechanisms
contributes to the development of the disease. In the
absence of protective mechanisms, infection through
droplet transmission (mainly for viral etiology) or
colonization of the nasopharynx (for bacteria) leads

to inflammation [14, 34, 37, 38]. The pathogenesis
of CAP is multifaceted, which determines the variety
of the clinical picture of the inflammatory process
with disturbances in numerous biochemical and
physiological processes, the functional state of organs
and systems of the body [12, 16, 18, 29, 30, 37].

In the pathogenesis of pneumonia, several
consecutive phases of the development of the
pathological process are distinguished:

« Phase 1 — penetration of the pathogen and
primary alteration;

e Phase II - activation of non-specific
inflammatory processes;

* Phase III — activation of free radical oxidation
processes;

« Phase IV — disruption of the pathophysiological
mechanisms of respiratory regulation;

* Phase V —respiratory failure and impairment of
non-respiratory lung functions;

» Phase VI — metabolic and functional disorders
of organs and systems [12, 13, 16, 29].

Therefore, the development of pneumonia is a
dynamic interaction process between the
microorganism and the anti-infective defense
system.

The first phase of the pathogenesis of pneumonia
is characterized by the penetration of the etiological
agent into the lung tissue through inhalation,
bronchogenic, hematogenous, or lymphogenic
pathways. Pathogens that have penetrated the
bronchial epithelium induce primary alterations in
goblet and ciliated cells. As a result, the clearance
mechanism and mucociliary clearance are disrupted,
leading to bronchial obstruction. Additionally, the
functioning of neutrophils, macrophages, and T-
lymphocytes is disturbed, causing suppression of
local immune defense. These mechanisms facilitate
the penetration of pathogens into the focus of
inflammation [12, 16, 29, 36, 39].

In the second phase of pneumonia pathogenesis,
primary alteration activates the complement system
through the alternative pathway, resulting in partial
lysis of the pathogen, increased capillary
permeability, and  active  migration  of
polymorphonuclear leukocytes and neutrophils to
the focus of inflammation. Furthermore, chemotaxis
and the production of pro-inflammatory cytokines
are induced by activated phagocytes. Activation of
the Hageman factor triggers the hemocoagulation
system and the kallikrein-kinin system. Bradykinin,
along with other basic peptides, increases vessel
permeability and induces smooth  muscle
contraction, especially in the smooth interalveolar




muscles, enhancing obstruction. Infiltration of
polymorphonuclear leukocytes causes the release of
a significant amount of lysosomal enzymes (elastase,
collagenase, proteases, and superoxide anion), which
destroy phagocytized microorganisms that have
penetrated the epithelial cell. These processes and
the activation of trigger systems (kallikrein-kinin,
hemocoagulation, complement, etc.) lead to
secondary alterations in lung tissue and the
expansion of the damage zone. Exudation with
inflammatory changes in bronchi, alveolar, and
interstitial tissues develops as a result of alteration.
Due to the damage to the walls of pulmonary
capillaries, exudate with a high protein and blood
cell content enters the alveoli, leading to
inflammatory exudation of lung parenchyma.
Inflammation is an important element in neutralizing
the pathogen, producing local and general immunity,
and eliminating breakdown products [10, 12, 13, 29,
37, 39].

The third phase involves the activation of lipid
peroxidation, causing the oxidation of unsaturated
fatty acids in cell membranes and surfactant
phospholipids lining the inner surface of the alveoli.
Surfactant deficiency increases fluid transudation
into the alveoli, reduces alveolar surface tension, and
disrupts gas exchange [12, 13, 16, 36].

In the fourth phase of pathogenesis, further
progression of the disease occurs, associated with
disturbances in central respiratory regulation,
oxygen transport through the alveolar-capillary
barrier, lung ventilation, and tissue respiration.
These processes lead to dyspnea, hypoxia, and
hypoxemia, ultimately resulting in the development
of respiratory failure [12, 13, 16, 29, 36].

Four forms of hypoxia are distinguished:

- Hypoxic — the result of physiological disorders
of the lung apparatus, the main feature is low oxygen
tension in arterial blood;

- Circulatory — develops with impaired oxygen
transport by blood flow, characterized by an increase
in arteriovenous oxygen content difference;

- Hemical — develops as a result of a small
amount of hemoglobin or its loss for oxygen binding,
the main feature is high PCO: tension with low
0Xygen content;

- Histotoxic — caused by the inability of tissues to
utilize oxygen due to damage to enzymatic or energy
systems, characterized by a rapid decrease in
arteriovenous oxygen content difference [12, 13, 30,
36].

The fifth phase of pneumonia development is
characterized by the development of respiratory

failure as a result of previously developed airway
obstruction, alteration and alveolar exudation,
disruption of gas diffusion and hemodynamics in the
lungs. There is impairment of non-respiratory lung
functions (cleansing, immune, excretory, metabolic,
hemodynamic, secretory, water-electrolyte balance
regulation, etc.) [12, 13, 16, 29, 36].

The sixth phase of pneumonia pathogenesis is
also called the phase of metabolic and functional
disorders of organs and systems. It is characterized
by an extensive clinical picture of the disease with
disturbances in numerous biochemical and
physiological processes, the functional state of
organs, and the body's systems [12, 13, 16, 36].

The basis of pathogenesis includes infectious
toxemia, respiratory failure, electrolyte and water
imbalance involving all organs and systems. Its
complexity and multistage nature determine the
variety of the clinical picture of the disease [16, 18,
30, 39, 40].

Initial symptoms of the disease are often
associated with intoxication and manifest as
behavioral disturbances such as excitement, crying,
and restlessness [16]. Pneumonia in newborns may
be manifested only by fever and hypoxia, and
sometimes the first sign may be apnea. The child
becomes lethargic and refuses to breastfeed [15]. In
preterm infants and children in the first months of
life, there may be disturbances in trophic functions:
hypovitaminosis, characteristic changes in tissue
turgor, muscle function disorders, and the
appearance of pallor [22, 25, 36, 39].

In children aged 1 month and older, a typical
symptom is cough, which can vary in character: from
irritant, infrequent to persistent, without relief,
frequent, and muffled [13, 16, 41, 42].

Older children may also complain of pain in the
chest associated with pleurisy. One of the main
symptoms is fever. Fever without cough and
respiratory distress can also be a manifestation of
pneumonia. In infants, afebrile pneumonia caused by
bacteria can occur [43]. Other symptoms include
worsening well-being, decreased appetite, vomiting,
and bowel disorders [25, 41].

Viral pneumonias are often characterized by
cough, wheezing, and stridor. Fever is less
characteristic for them compared to bacterial
pneumonia. Bacterial pneumonia typically presents
with high temperature, chills, cough, and dyspnea [15,
16]. Atypical pneumonia is characterized by a gradual
onset of the disease, moderate intoxication syndrome,
dry cough, and nonspecific respiratory symptoms (dry
wheezing, mild shortness of breath) [12, 16, 25, 30].




The clinical picture of pneumonia is
characterized by dyspnea in the absence of broncho-
obstructive syndrome. In the acute phase of the
disease, breathing becomes superficial, accelerated,
and pathological types of breathing appear [13, 41].
Indicators of respiratory distress in premature
newborns and infants in the first months of life
include froth near the mouth, rhythmic movement of
the lips, head nodding in time with breathing, and
chest wall retraction [12, 13, 16, 41].

Pneumonia due to obstruction of the airways,
alteration and alveolar exudation, disturbance of gas
diffusion, and hemodynamics in the lungs lead to
respiratory failure [12, 16, 41]. Respiratory failure
(RF) is a condition in which either the lungs cannot
maintain the normal gas composition of the blood, or
it is achieved through abnormal operation of the
external respiratory apparatus, leading to a decrease
in the body's functional capabilities [10]. According
to other authors, RF is a condition in which the lungs'
ability to maintain the normal gas composition of
arterial blood during breathing with air is limited
[12, 13, 16].

Three degrees of respiratory failure are
distinguished. The first degree is dyspnea during
physical exertion. Oral cyanosis, which intensifies
during rest. The pulse/respiration (P/R) ratio = 2.5:1,
tachycardia, normal blood pressure. Spirometric
indicators show an increased minute ventilation
(MV), decreased lung vital capacity (LVC), and
decreased tidal volume (TV). The blood gas
composition is minimally changed. The second
degree is dyspnea at rest, tachycardia, increased
blood pressure. Oral and facial cyanosis. P/R = 2—
1.5:1, increased MV, decreased LVVC by more than
25-30%. The Sa O: level is 70-85%. The third
degree of RF involves significant dyspnea
(respiratory rate more than 150% of the norm),
decreased blood pressure, generalized cyanosis. P/R
varies, MV is reduced, LVC and TV are reduced by
more than 50%. Blood gas composition - Sa O: is
below 70%. The development of decompensated
mixed acidosis occurs [12, 13, 36, 44].

For successful pneumonia diagnosis, a correctly
and thoroughly collected medical history is
important. The main clinical manifestations that
allow suspicion of pneumonia in a child are
symptoms of intoxication, RF, and physical data [12,
16, 25, 30, 40, 41, 42].

Literary data indicates that typical pneumonia
cases are characterized by: febrile temperature
lasting more than 3 days; cyanosis and the presence
of the following signs of respiratory distress:

respiratory rate over 40/minute in children from 1 to
5 years old, over 30/minute in children older than 5
years in the absence of signs of bronchial
obstruction; tachypnea; cough, which may be absent
in 15-25% of children [12, 20].

Typical signs of pneumonia inflammation
include: cough, fever, abdominal or chest pain,
dyspnea, wheezing, general malaise, decreased
appetite, headache, and fatigue - these are
nonspecific symptoms and individually may indicate
another illness [30, 40, 46]. Viral and bacterial
pneumonia have almost identical clinical and
diagnostic criteria. Therefore, to definitively
diagnose pneumonia, the combination of symptoms,
clinical presentation, and examination data is
assessed [27, 32, 33, 40].

When examining a child, attention is paid to
signs of RF without pronounced obstruction -
dyspnea, cyanosis, involvement of auxiliary muscles
in the act of breathing, tachycardia, sweating,
dryness of mucous membranes [10, 25, 30]. Late
symptoms of RF include severe dyspnea,
hypotension, cyanosis, and impaired consciousness
[25]. Palpation reveals chest wall retraction,
increased vocal fremitus over the fremitus zone.
Percussion - at the beginning of the disease, the data
are not very informative, later localized sound
attenuation is determined; auscultation - weakened
breath sounds; local crepitation or asymmetry of fine
bubbling sonorous rales. The nature of wheezing
changes during the course of the disease: initially,
there are few of them, they are delicate, later they
become coarse, diverse, and their number increases
[9, 18, 25, 29, 30, 43].

The generally accepted standard for pneumonia
diagnosis is laboratory diagnostics, which includes
counting the number of leukocytes and their
formula: leukocytosis over 10-12x10°/L, a shift in
the leukocyte formula to the left (>10% of stab
neutrophils), accelerated ESR indicate a high
probability of bacterial infection. Indicators of a
severe course of the inflammatory process in the
lungs are a decrease in leukocytes below <3x10°%1 or
an increase above 25x10°/1 [25, 41]. With viral
community-acquired pneumonia, the number of
leukocytes can be normal or increased due to an
increase in the number of lymphocytes in the blood.
[13, 15, 38, 42, 45].In addition, an increase in the
concentration of C-reactive protein and other acute-
phase proteins is determined in the blood. However,
there are recommendations according to which blood
proteins should not be determined since these tests
are not informative enough [44].




Other researchers point out the importance of
determining the procalcitonin level, as according to
the results of recent studies, it is one of the markers
distinguishing bacterial and viral pneumonia and
contributes to the reduction of the duration of
antimicrobial therapy [21, 46, 47]. Studies on the
determination of the lectin level (a protein that binds
to mannose) indicate the interdependence of the
protein level and the clinical picture, the
development of complications, and the duration of
non-hospital pneumonia treatment [48].

Determining the etiology of community-acquired
pneumonia (CAP) is a rather complex process [12,
20, 36, 33, 42]. Bacteriological analysis involves
using secretions from the upper respiratory tract or
tracheal aspirates, but the microorganisms identified
are not always identical to the flora in the lower
respiratory tract. Moreover, pathogens found in the
nasopharyngeal pathways in children  with
pneumonia are also present in healthy individuals
[28]. Immunological or molecular methods are
employed for diagnosing mycoplasmal and
chlamydial etiology of CAP [12, 13, 15, 25, 44].
Gram staining and sputum cultures are infrequently
performed since obtaining material for these studies
in children is challenging [31, 33]. Blood cultures
yield positive results in 10-20% of cases, more
commonly in children with pneumonia complicated
by pleuritis [13, 42]. Respiratory viruses are
typically diagnosed using polymerase chain reaction
(PCR) or rapid testing for viral antigens in
nasopharyngeal material, but these methods cannot
exclude a concomitant bacterial cause of the disease
[15, 22, 31, 44]. Multiplex PCR technology in
children with pneumonia identifies multiple viral
agents in 30-40% of cases [49, 50]. Isolating the
pathogen should be done before commencing
antibiotic therapy, as subsequent analyses are not
informative [22, 50, 51].

Establishing an etiological diagnosis is aided by
the analysis of pleural fluid. However, significant
pleural fluid is not characteristic of most
community-acquired pneumonias for aspiration, and
pleural puncture is an invasive method that can lead
to complications [22, 33, 37].

In everyday practice, determination of the
etiological agent is rarely carried out, only in certain
cases [13, 22], since antiviral therapy has limited
application in respiratory diseases, and no definitive
method has been established for accurate
identification of the etiological cause of CAP [28].
However, rapid identification of the pathogen
contributes to reducing the use of radiographic

examination and antimicrobial drugs in treatment
[50, 51, 52].

Among the instrumental methods used for CAP
diagnosis is pulse oximetry. It is performed in all
children with suspected pneumonia and hypoxemia.
The hypoxemia indicator is crucial for
hospitalization, further examination, and treatment
[12, 25, 27, 30, 44].

Children with clinical signs of CAP are
recommended to undergo chest X-ray (CXR) [12,
15, 20, 41, 53, 54]. This examination confirms the
clinical diagnosis and specifies the form of
pneumonia. Radiographic signs of CAP include
enhanced lung pattern in the affected area due to
increased vascular filling and inflammatory tissue
swelling, as well as widening of the root of the lung.
On the 2nd to 3rd day from the onset of the disease,
homogeneous intensive darkening appears - the
focus of infiltration. Pleural effusion and cavities
may join later [12, 13, 25, 54, 55, 56, 57].

CXR of the chest in two projections
(posteroanterior and lateral) should be performed in
patients with CAP with suspicion or documented
hypoxemia, or significant respiratory distress [44,
54, 55]. Repeat CXR is done only in the absence of
positive dynamics against the background of
antibiotic therapy for 48—72 hours, as well as in case
of suspicion of complications [6, 39, 41, 53, 56].

Some researchers believe that the results of
radiographic studies cannot be used to determine the
etiological factor of pneumonia, and chest X-ray is
not obligatory for uncomplicated CAP in outpatient
treatment [6, 44].

Computed tomography (CT) of the lungs is
justified only for differential diagnosis if the routine
radiograph is uninformative and for a more accurate
assessment of possible complications [6, 10, 12, 15,
27]. The study allows for the detection of early
infiltrative and interstitial changes when the X-ray is
still not informative, as well as cavities,
lymphadenopathy, pleural effusion,  focal
inflammation in case of ineffective antibiotic therapy
[12, 13, 25]. CT allows for a detailed study of the
morphology of lung tissue (evaluate the condition of
lobes, segments, and lung tissue, detect
bronchiectasis, areas of bronchiolar emphysema,
tumors, foci of inflammation). CT is necessary to
determine the relationship of the detected lung
formation to the parietal pleura, pericardium, ribs,
and major blood vessels. More often, several slices
(5-10) at a distance of 5-10 mm from each other are
made during lung CT. No special preparation of
patients is required for this study [6, 12, 42].




Recommended examination for community-
acquired pneumonia (CAP) includes computerized
phono-spirography. This study is based on the use of
a computerized system for recording and analyzing
respiratory sounds, followed by their three-
dimensional visualization. Phono-spirography is
based on the  spectral-frequency-temporal
characteristics of respiratory sounds. Phonographic
criteria for segmental CAP include a reduction in the
frequency characteristics of basic respiratory sounds
by no less than 1.5-2 times and their intensity by no
less than 1.3-1.7 times (weakened vesicular
breathing); the presence at the end of each phase of
inhalation of groups of high-intensity wide-band
impulse spectral components with a frequency of
150-1200 Hz (crepitation). Phono-spirographic
criteria for focal pneumonia include an increase in
the frequency range of basic respiratory sounds by
no less than 22% on inhalation and 83% on
exhalation under conditions of the child's calm
breathing (harsh breathing); the presence at the end
of each phase of inhalation of groups of high-
intensity wide-band impulse spectral components
with a frequency of 90-1100 Hz (crepitation) [12,
13, 25, 30, 57].

Another instrumental method of examination for
CAP is ultrasound study (US) [12, 25, 55, 58, 59, 60,
61]. This study allows visualization of changes in
lung tissue, detection of the localization of the
inflammatory process, its structure, possible
complications, dynamic monitoring of the course of
the disease, and the effectiveness of treatment [58,

CONCLUSIONS / BACHOBKH

Analyzing modern literary sources, it is
established that the number of combined bacterial-
viral community-acquired pneumonias is increasing,
but bacteria remain the main etiological agent. The
pathogenesis of the disease is a multifaceted process
of interaction between micro- and macroorganisms.
The main links of which are the penetration of the
pathogen in the presence of bronchopulmonary
protection, the development of a local inflammatory
process, sensitization and the formation of immune-
inflammatory reactions, a violation of the pulmonary

59, 60, 61]. Ultrasound of the chest is recommended
for children with severe CAP and pleuropneumonia
upon hospitalization, immediately after performing
standard X-ray examination of the lungs in 2
projections [12, 57, 59, 60, 61].

According to various authors, in focal CAP, an
echogram visualizes an irregularly round-shaped
focus of infiltration [59, 60, 61]. In the acute phase
of focal-consolidative pneumonia, it is visualized an
iso- or hypoechoic formation with clear contours,
irregular or pyramidal in shape, with enhancement of
the distal contour. Non-air areas of lung tissue in
pneumonia, except for peribronchial localization,
can be visualized in 100% of cases. In the acute
phase of the disease, the "air bronchogram”
phenomenon is detected in 50% of patients. The
presence of this phenomenon is a positive prognostic
sign and indicates a tendency to restore the
transparency of lung tissue [55, 58, 61].

Based on the results of conducted studies, it has
been established that comprehensive chest
ultrasound is the method of choice in assessing
pathological changes in the lungs and pleural
cavities in children. The diagnostic efficiency
indicators of this method for pneumonia are:
sensitivity — 93.4-98%, specificity — 80-97.7% [25,
60, 61].

Electrocardiography (ECG), echocardiography
(ECHO-KG) with Doppler mapping are used among
other additional objective diagnostic criteria for
CAP. [6, 12, 30, 41, 43, 55, 60, 61].

microcirculation system, the metabolism of organs,
and the participation of the immune system in the
development of inflammation. Among the main
clinical manifestations of community-acquired
pneumonia, fever, cough, and respiratory failure are
highlighted.  Analyzing scientific ~ databases,
pneumonia is characterized by leukocytosis with a
shift to the left, an accelerated ESR, an increase in
the level of C-reactive protein and procalcitonin. The
most informative diagnostic methods for verifying
the diagnosis are X-ray, computed tomography, and
ultrasound examination of the chest.

PROSPECTS FOR FUTURE RESEARCH / TEPCIHEKTUBHU NMMOJAJBIINX JOCJIIXEHb

A promising direction for research will be the study of the impact of the course of community-acquired
pneumonia on the hormonal level of the pituitary-adrenal system in children.
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