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Etiological spectrum of pneumonia
in children in Kyiv, Ukraine

Abstract. Background. In Ukraine over the past 20 years, the incidence of pneumonia in children has increased. The
aim of the study is to assess the contribution of respiratory viruses and bacteria to pneumonia in children in Ukraine.
Materials and methods. The etiology of community-acquired pneumonia was studied in 175 children at Medical Cen-
ter “Eurolab” and Clinical Hospital 2 (Kyiv, Ukraine) over 2018—2022. Viral and bacterial pathogens were detected
using polymerase chain reaction, chromatographic immunoassay. Results. The prevalence of viral pneumonia among
total cases of pneumonia was 78.9 % in Kyiv during 2018—2022. Thirty-seven (21.1 %) cases of CAP were classified as
bacterial. The most common were respiratory syncytial virus (18.1 %), metapneumovirus (13 %), adenovirus (10.1 %),
parainfluenza virus (10.1 %). The other causative viral agents were influenza virus type A (7.2 %), rhinovirus (5 %),
bocavirus (2.9 %), SARS-CoV-2 (1.4 %) and measles virus (1.4 %). Etiological spectrum is similar to the results of stu-
dies conducted in other European countries. Conclusions. Respiratory viruses, particularly respiratory syncytial virus
and metapneumovirus, are the major contributors to community-acquired pneumonia in children in Kyiv.

Keywords: pneumonia; children; respiratory infection; viral infection

Introduction

Pneumonia remains the leading cause of morbidity in
children worldwide and accounts for 14 % of all deaths in
patients under 5 years of age. In 2019, pneumonia caused the
death of 740,180 children [1]. Over the past decades, there
have been significant changes in the epidemiology, etiology,
and clinical picture of community-acquired pneumonia
(CAP) in children. The widespread implementation of vac-
cination against Streptococcus pneumoniae (S.pneumoniae)
and Haemophilus influenzae type B (HiB) has reduced the
incidence of total and bacterial CAP [2].

Both the effectiveness of vaccination and an increase
in the ability to detect the virus by molecular diagnostic
methods have updated the understanding of CAP ctiology
in children. The latest studies on the etiology of pneumonia
show that the proportional contribution of respiratory viral
infections as causative agents of CAP has increased [2—4].
Among them the most significant are respiratory syncytial
virus (RSV), influenza virus (IV), parainfluenza virus (P1V),
rhinovirus (RV) and adenovirus (AdV).

Detection of CAP etiology can modify the clinical deci-
sion in children with pneumonia. First of all, antimicrobial
therapy is not required for children with viral pneumonia
[5, 6]. Antiviral treatment can be provided in children with
CAP caused by influenza virus [5, 7]. In case of bacterial
CAP, rational prescribing of antibiotics is highly important
and depends on the etiology, age, local vaccination policies
and resistance patterns [8].

In Ukraine, the incidence of pneumonia in children
has unfortunately increased over the past 20 years [9]. The
pneumococcal conjugate vaccine (PCV) is not included in
the national immunization program, and vaccination cove-
rage in the country is low. HiB vaccination is the funded
program for national immunization from 2006. In the
following years, HiB vaccination coverage increased and
reached 87.2 % in 2021 [10]. Therefore, the study of the
etiological spectrum of CAP in Ukrainian children and
comparison with data from the European region are neces-
sary for the development of effective prevention and opti-
mization of treatment.
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The purpose of this study was to assess the contribution
of respiratory viruses and bacteria to pneumonia in children
of Ukraine.

Materials and methods

During study period (2018—2022), in total 175 cases of
CAP in children were analyzed. All of them were examined
and received treatment in the Medical Center “Eurolab”
and Children’s Clinical Hospital 2 in Kyiv, Ukraine.

CAP was diagnosed in the presence of a typical clini-
cal picture: cough, tachypnea, hypoxemia, decreased breath
sounds, crackles or rales on auscultation of lung fields. One
hundred and seventeen (66.9 %) cases of pneumonia were
confirmed by chest X-ray (CXR) (presence of any alveolar
or interstitial opacity), in 19 (10.9 %) cases, characteristic
changes were detected during ultrasound examination.

The nasopharyngeal swabs were collected from partici-
pants by a trained nurse. A total of 8 viruses (RSV, PIV type
1-3, metapneumovirus (MPV), AdV, RV, coronaviruses
0C43, 229E, HKU1 and NL63, severe acute respiratory
syndrome-related coronavirus 2 (SARS-CoV-2) and 2 bac-
teria — Mycoplasma pneumoniae (M.pneumoniae) and Chla-
mydophila pneumoniae (C.pneumoniae)) were detected using
polymerase chain reaction (PCR).

The detection of pathogens involved extraction of DNA/
RNA from samples using RIBO-prep nuclear acid extraction
kit (AmpliSens, Russian Federation); reverse transcription
(RT) and multiplex PCR with REVERTA-L RT reagents
kit and primers AmpliSens ARVI-screen — FRT PCR kit
and AmpliSens Mycoplasma pneumoniae/Chlamydophila
pneumoniae-FRT PCR kit (AmpliSens, Russian Federa-
tion). For SARS-CoV-2 testing, the reagents DNA/RNA-
Mag (XEMA, Ukraine) were used. Rotor-Gene Q (Qiagen,
Germany) was applied for RT-PCR. All procedures were
performed according to the manufacturer’s instructions.

Chromatographic immunoassay was used for qualita-
tive detection of influenza type A and type B in nasal swabs
(CerTest Influenza A + B, Spain). Determination of measles
IgM and IgG was carried out using the Measles virus IgM
micro-capture ELISA and Measles virus IgG ELISA (IBL
International GmbH, Hamburg, Germany). The ELISA
kit EQUI Mycoplasma pneumoniae IgG (Ekvitestlab,
Ukraine) was used for detection of IgG to M.pneumoniae,
the EQUI Chlamydophila pneumoniae IgG kit (Ekvitest-
lab, Ukraine) — for detection of IgG to C.pneumoniae. In all
cases, whole blood was collected for complete blood count
and C-reactive protein (CRP) tests.

All cases of CAP were divided into two groups based on
probable pneumonia etiology:

— bacterial cases (lobar pneumonia with empyema,
bacterial pathogen detected by PCR or confirmation of
bacterial etiology by seroconvertion, significant changes in
complete blood count — increased number of neutrophils,
leukocytes, high level of CRP);

— viral pneumonia (detection of at least one respiratory
virus, unchanged complete blood count, CRP, interstitial
pneumonia, peribronchial cuffing, focal bilateral involve-
ment).

QOdds ratios were used to analyze cases of hospitalization
depending on the etiology of pneumonia and the age of the

child. A p-value < 0.05 was considered statistically signifi-
cant.

Ethics. This study was performed in accordance with the
Declaration of Helsinki. Written informed consents were
obtained from the parents or the caregivers of the patients
before collecting samples.

Results

The diagnosis of CAP was confirmed in 175 children
from October 2018 to February 2022. The male (n = 99) to
female (n = 76) ratio was 1.3 : 1, the mean and median age
were 4.8 and 4 years, respectively (age range was 5 months to
18 years). 19.4 % of patients were under2 years of age, 39.4 %
aged 2—5 years and 41.1 % were older than 5 years. The per-
centage of children, who had received PCV, was 52.5 %.
Only 33.1 % of patients received flu vaccine annually.

The total amount of viral pneumonia was 138 (78.9 %)
cases, bacterial pneumonia — 37 (21.1 %) cases.

The peak incidence of CAP usually occurs during the
cold season in continental climate. In 2018/2019 season,
49 (28 %) children were diagnosed with CAP. Among them,
35 (71.4 %) had viral pneumonia. During the next season
(2019/2020), 48 (27.4 %) children were diagnosed with
CAP, 36 (75 %) of them had pneumonia of viral etiology.

During restriction measures implemented to prevent
SARS-CoV-2 infection spreading, we observed a decreased
amount of pneumonia cases in children. In 2020/21 season,
only 15 (8.6 %) cases of pneumonia were confirmed, of which
viral etiology was found in 14 (93.4 %) cases. Analysis 0of 2021/22
season showed that 36 (20.5 %) children were diagnosed with
CAP, of which 31 (86.1 %) had viral pneumonia (Fig. 1).

During the spring-summer periods, the incidence of
pneumonia in children was traditionally lower. In 2019, the
total number of pneumonia cases was 13 (7.4 %), in 2021 —
14 (8 %). The percentage of viral pneumonia among them
was 84.6 and 78.6 %, respectively. During March and April
2020, patients were not admitted to the Eurolab Medical
Center, and the prevalence of pneumonia was not studied.

Etiological spectrum of viral pneumonia

In 96 (69.5 %) of 138 cases, the causative agent of viral
pneumonia was detected. In our study, RSV was most often
detected in children with CAP (25/138). The other causative
viral agents were MPV (18/138), AdV (14/138) and PIV

60
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Figure 1. Total number of pneumonia cases and
number of viral pneumonia cases during 2018-2022
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(14/138). Less frequently, we detected IVA (10/138), RV
(7/138), bocavirus (BoV) (4/138), SARS-CoV-2 (2/138).
In 2018, pneumonia in 2 children was caused by the measles
virus (2/138) (Fig. 2).

RSV
MPV
Adv
PIV
IVA
RV
BoV
SARS-CoV-2
Measles
0 5 10 15 20 25 3

Figure 2. Etiological spectrum of viral pneumonia
in children in 2018-2022

0

Etiological spectrum of viral pneumonia was different
during the study period. In 2018/19 season, most cases of
CAP were caused by MPV (7/35) and IVA (7/35). We de-
tected RSV (3/35), AdV (2/35), RV (2/35) and measles vi-
rus (2/35) less frequent (Fig. 3a).

During the same period in 2019/20 season, we detected
AdV (10/36), RV (5/36), IVA (2/36), PIV (2/36) and RSV
(1/36). In one child, coinfection of RSV and PIV led to
clinical presentation of pneumonia (Fig. 3b).

In 2020/21 season, MPV (9/14) and BoV (1/14) were
isolated in children with viral pneumonia (Fig. 3c).

Among children with viral CAP in 2021/22 season, RSV
(18/31), AdV (3/31), BoV (3/31), MPV (2/31) and IVA
(1/31) were detected (Fig. 3d).

Etiological spectrum of viral pneumonia in spring-sum-
mer was also different during the study periods in 2019 and
2021.
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Figure 3. Etiological spectrum of viral pneumonia in seasons:
a—2018/19, b — 2019/20, c — 2020/21, d — 2021/22
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Figure 4. Etiological spectrum of viral pneumonia in spring-summer: a — 2019, b — 2021
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In 2019, PIV (4/11) and RSV (2/11) caused pneu-
monia most frequently (Fig. 4a). In 2021, PIV (6/11),
SARS-CoV-2 (2/11), AdV (1/11), coinfection of PIV
and RSV (1/11) were revealed in children with CAP
(Fig. 4b).

The CXR in viral pneumonia with typical changes are
presented in Fig. 5, 6.

Age-related features of the clinical course
of viral pneumonia

We compared the incidence of viral pneumonia in dif-
ferent age groups. In our study, viral pneumonia was diag-
nosed in 32 (23.2 %) children under 2 years of age, in 58
(42.5 %) aged 2—5 years and in 48 (34.8 %) older than 5
years.

Children under 5 years of age with viral pneumonia were
hospitalized much more often than older patients. Fifty-
nine (78.1 %) children under the age of 5 needed oxygen
therapy, infusion therapy and medical support. Only 10
(32.1 %) children with viral pneumonia aged 5 and over
were hospitalized (odds ratio 7.2323, confidence interval
3.1817 to 16.4398, p < 0.05) (Fig. 7).

Figure 5. Viral pneumonia caused by RSV
(boy, 6 years)

Etiological spectrum of bacterial pneumonia

During the study period, 37 (21.1 %) cases of CAP were
classified as bacterial. Only 8 (21.6 %) of 37 children received
full vaccination with PCV. M.pneumoniae was detected in
14 cases of CAP, C.pneumoniae — in 8. The percentage of
pneumonia caused by M.pneumoniae and C.pneumoniae was
high (60—66.7 %) during 2018/19, 2019/20 and 2021/22
seasons (Fig. 8).

The CXR in bacterial pneumonia with typical changes
are presented in Fig. 9, 10.

Discussion

This study was conducted in Kyiv, Ukraine, in 2018—
2022. The purpose of this study was to reveal the etiological
spectrum and the role of respiratory viral pathogens in CAP
in children.

In this study, the significant contribution of respiratory
viruses to childhood pneumonia in Ukraine was shown. The
prevalence of viral pneumonia among total cases of pneu-
monia in 2018—2022 was 78.9 %. These results can be com-
pared with the frequency of detection of viruses as causes of
pneumonia in children in other studies [3, 11—15].

Figure 6. Viral pneumonia caused by AdV
(boy, 5 years)
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Figure 7. The incidence of hospitalization among
children with viral pneumonia depending on age

Figure 8. The incidence of atypical pneumonia
among total cases of bacterial pneumonia
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This study demonstrated that most cases of pneumonia
in children are associated with RSV (18.1 %), MPV (13 %),
AdV (10.1 %) and PIV (10.1 %). Other causative viral
agents are IVA (7.2 %), RV (5 %), BoV (2.9 %), SARS-
CoV-2 (1.4 %), and measles virus (1.4 %). This etiological
spectrum is similar to the results of studies conducted in
other European countries [15, 16]. RSV continues to be the
major causative viral agent of pneumonia in children glo-
bally [3, 17].

During four epidemiological seasons, the etiologi-
cal spectrum of viral pneumonia in children differed. In
2018/19 season, MPV (20 %), IVA (20 %) and RSV (8.6 %)
were more common. According to a recently published re-
view, MPV caused 14.2 million cases of lower respiratory
tract infections and 16,100 deaths among children under 5
years of age worldwide in 2018 [18]. Also, in 2018 the global
burden of influenza-associated respiratory infections in
children under 5 years was estimated. IV infection caused
7 % cases of acute respiratory diseases and 4 % of deaths
from acute respiratory infections [19]. It should be noted
that all children with pneumonia caused by the influenza
virus in our study were unvaccinated.

During the following 2019/20 season, AdV caused CAP
in 27.7 % cases, RV —in 13.9 %, IVA and PIV — in 6.5 %.
The overall frequency of AdV as a cause of non-bacterial
pneumonia in children in the world is lower than RSV —
about 10 %. ADV types 3 and 7 can cause fatal disease in
previously healthy children [20].

We observed a decreased number of total cases of CAP
in children during 2020/21 season. In this period, the non-
pharmacological interventions to prevent SARS-CoV-2
circulation were applied in Ukraine, as in other European
countries. A decrease in the number of pneumonia cases in
children is probably related to the cessation of circulation
of RSV, the main causative agent, in the European region
[21—-23]. RSV epidemics were observed only in France and
Iceland. These countries had softer restriction and kept
their primary schools open. The start of RSV circulation
was noticed from mid-May 2021 in other countries — Swe-
den, Netherlands, Spain etc. [21, 22]. In our study during

Figure 9. Bacterial right-side lobar pneumonia
and empyema (boy, 9 years)

2020/21 season, 64.2 % cases of viral pneumonia were
caused by MPV, 7 % — by BoV.

The last 2021/22 season showed a high percentage of
RSV detection in children with viral CAP — 58.1 %, AdV —
12.9 %, BoV — 9.6 %. During the last two seasons, we ob-
served a more frequent detection of BoV as the causative
agent of CAP (7—10 %), which is consistent with previ-
ous studies [24]. In the warm seasons, we detected a higher
prevalence of PIV infection (36.4 % in 2019 and 54.5 % in
2020) in children with CAP. This can be explained by the
seasonal distribution of P1V type 3 [25].

We observed a significant prevalence of hospitaliza-
tion of children under 5 years of age with viral pneumonia
(p < 0.05). The present results confirm a high prevalence
of viral CAP in children in Ukraine. Further investigations
should be performed in Kyiv and other regions, because the
results could dramatically reduce the proportion of unneces-
sary antimicrobial treatments for pediatric CAP in Ukraine.

In our study, only 21.1 % cases of CAP in children were
classified as bacterial. A small number of bacterial pneu-
monia cases may reflect the effect of high PCV vaccination
coverage among children in Kyiv. The percentage of bacte-
rial pneumonia caused by M.pneumoniae and C.pneumoniae
was high (60—66.7 %) during the majority of seasons in the
period of study. The most frequent bacterial pathogen was
M .pneumoniae — 8 % of total cases of CAP and 37.8 % cases
of bacterial CAP. Similar results were revealed in previous
studies [13, 26]. C.pneumoniae was detected in 4.5 % of
children with CAP and in 21.6 % of children with bacterial
CAP. The incidence of pneumonia caused by C.pneumoniae
in other countries is heterogeneous and ranges from 0.5 to
more than 5 % [27].

Identifying the etiology of bacterial pneumonia is ex-
tremely important for antibacterial therapy. More exten-
sive studies are needed to clarify the incidence of bacterial
pneumonia in other regions of Ukraine. The study on the
etiological spectrum of pneumonia in children should be
continued to develop prevention and treatment strategies.
Obviously, PVC should be included in the national immuni-
zation program in the shortest possible time.

Our results do not show significant differences in the
etiological spectrum of CAP in children compared to other

Figure 10. Bacterial pneumonia caused by
Mycoplasma pneumoniae (boy, 7 years)
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European countries. An increase in the incidence of child-
hood CAP in Ukraine is most likely related to the improve-
ment of pneumonia diagnosis in Ukraine in general, on the
one hand, and the deterioration of the quality of medical
care in the occupied territories, on the other.

Conclusions

Much progress has been made in the prevention, diag-
nosis and treatment of pneumonia in children during the
last three decades. This study performed in Kyiv showed the
contribution of respiratory pathogens to childhood pneu-
monia in Ukraine. The findings highlighted the importance
of RSV and MPV infection in children with CAP. Moreover,
we found high prevalence of atypical pathogens in the etio-
logy of bacterial pediatric CAP. Although further studies are
needed, these results suggest that determining the etiology
of CAP in children may optimize antibiotic use and improve
treatment and prevention strategies.
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XomeHko B.€."2, EmeLs O.B."?, BorocoseLb O.1.", Kpuoryctos C.I1.7, Mosvpcbka O.B."
"HavuioHanbHMI MeandHW yHiBepcuteT imeHi O.O. boromonsus, M. Kuis, YkpaiHa

2MeanyHm LeHTP «EBpoAab», M. Kuis, YkpaiHa

ETioAoriyHMIM cnekTp NHEBMOHIN y aiten y Kuesi, YkpaiHa

Pe3iome. Akryanbhicte. B Vkpaini mporarom ocrannix 20
POKIB BiIMIiYa€ThCSI 3pOCTAHHSI 3aXBOPIOBAHOCTI HA ITHEBMOHIIO
cepen aiteit. MeTra: OLiHUTH POJIb peCIipaTOPHUX BipyciB i 0ak-
Tepiil B eTiosorii MHeBMOHiit y nmiteir B Ykpaini. Marepiaium ta
MeToau. ETtiosoris mo3asikapHSHUX TTHEBMOHIl Oyia BCTAaHOB-
JieHa B 175 miteid, sIKi OTpUMYBaJI JIiIKyBaHHSI B MEAUIHOMY II€H-
Tpi «€BpoJabd» i kiaiHiyHii aikapHi Ne 2 (KuiB, YkpaiHa) npotsi-
rom 2018—2022 pp. 151 BUBHAYEHHSI BipyCHUX Ta OaKTepialbHUX
MaToreHiB Oy BUKOPUCTAHI METOJ MOJiMepa3Hoi JIaHII0rOBOL
peaxiiii, xpomarorpadiunuii imyHoananiz. Pe3yabratu. Cepen
yCiX BMITa[KiB ITHEBMOHIi BipycHa IHEBMOHis BHU3Hauyajacsl B
78,9 %. Y 37 (21,1 %) nauienTtiB xBopo0a Oysa KiacudikoBaHa

K OakTepiasibHa. HaifGinbIn yacTo BUSBIISUIMCST pecIlipaTOPHO-
cuHuuTianbHuit Bipyc (18,1 %), metanHeBMoBipyc (13 %), ane-
Hogipyc (10,1 %), Bipyc naparpuny (10,1 %). Cepen iHiux 6yiu
BumiieHi Bipyc rpumny A (7,2 %), puHoBipyc (5 %), GokaBipyc
(2,9 %), SARS-CoV-2 (1,4 %) Ta Bipyc kKopy (1,4 %). Etionoriu-
HMIl CIIEKTP CXOXMil 3 pe3yJbTaTaMi JOCHTIIKEHb, MPOBEIASHUX
B iHIMX KpaiHnax €Bpornu. BucHoBku. PecnipatopHi Bipycu, a
came pecripaTopHO-CUHUHUTIAIbHUI Bipyc Ta METartHEBMOBIpYC,
€ OCHOBHMMMU MPUYMHAMU TIO3aTiKapHIHUX MTHEBMOHIN Yy miTei
y Kuesi.

Ki1104o0Bi cJ10Ba: mHeBMOHiIs; AiTH; pecnipaTopHa iH(beKIis; Bi-
pycHa iHdexIis
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