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ABSTRACT

BACKGROUND: The problem of the complicated course of COVID-19 and deaths in children with severe comorbid pa-
thology is relevant. Severe forms of the disease are often the cause of critical conditions and deaths, including decom-
pensated respiratory failure, acute respiratory distress syndrome, septic shock, cardiac, hepatic, renal insufficiency,
coagulation disorders, damage to the central nervous system.

AIM: The aim is to analyze the features of the course of COVID-19 in children who require mandatory hospitalization in
specialized hospitals for background pathology, to identify predictors of the development of severe forms of COVID-19
in order to choose the optimal ways of treating this pathology.

MATERIALS AND METHODS: Under the supervision of the St. Petershurg State Pediatric Medical University in the depart-
ment for children with new coronavirus infection COVID-19 with intensive care and intensive care wards in the period
2020-2022 with a confirmed diagnosis of “new coronavirus infection” there were 791 patients aged 0 to 17 years.
The diagnosis was made on the basis of clinical and epidemiological data, the results of a comprehensive laboratory and
instrumental study. The severity of the disease was determined in accordance with the methodological recommenda-
tions of the Ministry of Health of the Russian Federation.

RESULTS: The severe form of COVID-19 was diagnosed in 34 patients out of 791 (4.3%). Adverse outcomes were 1.4%.
In 27 out of 34 children (79.4%), new coronavirus infection occurred against the background of severe comorbid pathology.
Pneumonia was diagnosed in 91.2% of cases. 88.2% of patients needed oxygen therapy.

CONCLUSIONS: Severe forms of COVID-19 in children are characterized by high fever with severe intoxication, re-
spiratory tract damage with a significant volume of lung damage (CT-3 and CT-4) with the development of multiple
organ failure. Predictors that require mandatory hospitalization in specialized hospitals for background pathology in
severe forms of COVID-19 are: primary immunodeficiency conditions, oncohematological pathology with postcytostatic
aplasia of hematopoiesis, severe organic lesions of the central nervous system, epilepsy, protein-energy deficiency of
3—4 degrees, bronchopulmonary dysplasia, atypical emolytic uremic syndrome with acute kidney damage. Compre-
hensive treatment of such patients should be carried out by a multidisciplinary team in a specialized department with
extensive diagnostic and therapeutic capabilities.
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OcobeHHOCTU TAXKENbIX (POPM HOBOU KOPOHABUPYCHOM
undekuum (COVID-19) y pereit

C.J1. banHoBa, [1.0. MeaHos, H.C. Anekcanaposud, B.H. Tumuenko, T.A. Kannuua,
I.B. Konpgpatbes, E.10. ®enbkep, P.H. Mbparumos, M.B. PasroH, M.0. PeBHoga,
M.I0. Komuccaposa, B.I1. HoBnKoBa

CaHkT-lleTepbyprckuii rocyAapcTBEHHbIA NeauaTpUYecKuin MeaULMHCKIIA YHuBepcuTeT, CankT-eTepbypr, Poccus;

AHHOTALMA

AxtyanbHocTb. [pobnema ocnoxHenHoro Tedenns COVID-19 u netanbHbIX MCXOA0B Y AETel C TSKENON KoMopbuaHoii na-
TONOrVel ABNIAETCA aKTyanbHOW. Tsxenble GopMbl 3aboneBaHUs HEpeaKO CTAHOBATCSA MPUYMHON KPUTUYECKUX COCTOSHWW
W NeTanbHbIX UCXOL0B, BKIIOYas [LEKOMMEHCUPOBAHHYI AbIXaTesbHYI0 HelOCTaTO4YHOCTb, OCTPbIN PECMIMPATOPHBIA AUCTPECC-
CUHLPOM, CEMTUYECKUIA LLIOK, CEpAEYHY0, NEYEHOUHYH), MOYEYHYI0 HE0CTAaTOYHOCTb, HapYLUEHWS Koarynsiuuu, NopaxeHue
LIeHTPasIbHON HEPBHOM CUCTEMBI.

Llenb — npoananusupoBatb ocobeHHocTu Teyens COVID-19 y peteid, KoTopble TpebytoT 0bs3aTesnbHOM rocnuTann3aLmum
B NpodunibHble CTaLMoHapbl N0 GOHOBOM NaToOrUK, BbISBUTb MPEAMKTOPbI pa3BuTus Tsenbix gopM COVID-19 ans Beibopa
ONTUMarbHbIX CNOCOBOB NeYeHNs 3TOM NaTonormm.

Matepuanbl u Metoapbl. Mo Habnwopennem B OTBOY BO «CaHKT-TeTepbyprckuin rocynapCTBeHHbI NeaMaTpuyeckuin Me-
OVLMHCKWUIA YHUBepcUTeT» MuH3pgpaBa Poccun B oTAeneHWMM Ons AeTel C HOBOM KOPOHaBMpYCHOW MHdeKumen COVID-19
C Manatamy peaHMMauun U MHTeHCMBHOW Tepanuu B nepuog, 2020-2022 rr. ¢ NOATBEPHAEHHBIM MArHO30M «HOBas KOpo-
HaBupycHasa uHderumsa» Haxoaunca 791 naumeHT B Bospacte oT 0 fo 17 net. [lnarHo3 BbICTaBASAM HAa OCHOBAHUM KIIMHUKO-
3MNMAEMUONOTMYECKMX [aHHbIX, pe3yNbTaToB KOMMIEKCHOro S1abopaTopHOro M MHCTPYMEHTabHOro uccnefoBaHus. CreneHb
TAXecTV 3aboneBaHus yCTaHaBMBaNM B COOTBETCTBMM C METOAMYECKUMM PEKOMeHAALMAMU MUHMCTepCcTBa 34paBooXpaHe-
Hua Poccuickoii ®epepaumn.

Pesynbtathl. Tsxenas dopma COVID-19 guarHoctmpoBaHa y 34 naumentoB u3 791 (4,3 %). HebnaronpusitHbie ucxogsl co-
ctasunu 1,4 %. Y 27 w3 34 petenn (79,4 %) HoBas KOpOHaBMpYCHas MHGBEKUMS NpoTeKana Ha (oHe Tsxenol KoMopbuaHou
naronoru. [THeBMoHMs auarHoctpoBaHa B 91,2 % cnydaes. B okcureHoTepanum Hyxpanuc 88,2 % nauueHTos.
3aknouenue. Tskenble dpopmel COVID-19 y neTeit xapaKTepusyloTCs BbICOKOI JIMXOPAAKONA C BbIPaXEHHOW WHTOKCUKALIMEN,
MOpaKeHNeM AbiXaTeslbHbIX NyTel CO 3Ha4MUTeNbHBIM 06beMoM nopaxenus nerkux (KT-3 u KT-4) ¢ passuteM nonmopraHHoii
HepocTaTouHocTy. MpeankTopamm, KoTopble TpebyloT 0bs3aTeNlbHOM rocnuTanu3aumm B Npo@ubHbIe CTaLuoHapbl No GoHo-
BOM natosiorum npu Taxenbix ¢opmax COVID-19, aenawTtca: nepBuyHble UMMYHOLEQUUNUTHBIE COCTOSHUSA, OHKOremaToso-
rMYeckas NaTonorus C MOCTLUMTOCTAaTUYECKOW annasuel KpOBETBOPEHUS, TSXENbIE OpPraHUYecKUe MOpaKeHWUs LieHTpasbHoM
HEpBHOM CUCTEMBbI, 3nunencus, BenKoBo-3HepreTuyeckas HepoctatouHocTb lII-IV cTenenwn, BpoHxoneroyHas aucnnasus,
aTUMUYHBINA FEMOSTUTUKO-YPEMUYECKMIA CUHAPOM C OCTPbIM NOBPEXAEHWEM NoyeK. KoMnneKcHoe fedeHne Taknx NaLMeHTOB
cnenyeT NpoBOAUTb MyNbTUAUCLMNMHAPHON KOMaHAOW B NPOQUILHOM OTAENIEHUW, UMEIOLLEM LUMPOKUE AMArHOCTUYECKUEe
1 neyebHble BO3MOXKHOCTU.

Kntouesbie cnoBa: COVID-19; Tsukensle gpopmbl; aet; Bupyc SARS-CoV-2; neTanbHble UCXOABI.
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EDITORIAL

BACKGROUND

The complex course and fatal outcomes of COVID-19
in children with severe comorbidities is a crucial issue.
In the United States, 17.4% of COVID-19 cases reported to the
Centers for Disease Control and Prevention (CDC) occurred
in children (data as of September 07, 2022) [17]. Objective
data on SARS-CoV-2 infection prevalence in the pediatric
population are inconsistent because systematic testing is
rare and contact tracing and seroprevalence studies for chil-
dren with mild COVID-19 are lacking. As of February 2022,
approximately 75% of children and adolescents had serologic
evidence of COVID-19 [18].

The clinical presentation of the new coronavirus infec-
tion (NCI) ranges from mild respiratory manifestations to
severe pneumonia with acute respiratory distress syndrome
(ARDS) and multiorgan failure. Complicated forms of the di-
sease typically develop in patients with severe comorbidities,
whereas severe cases are observed in only approximately
1% of children with COVID-19 [6, 9, 14].

Severe forms of NCI can lead to critical conditions and
fatal outcomes, including decompensated respiratory fail-
ure; ARDS; septic shock; cardiac, hepatic, and renal failure;
coagulation disorders; and central nervous system damage
[3, 9-11]. Additionally, children may develop a severe multi-
system inflammatory syndrome associated with SARS-CoV-2
(2, 4, 8, 9, 12]. Although SARS-CoV-2 infection, severe di-
sease course, and fatal outcomes due to COVID-19 are less
common in children than in adults [1, 15, 16], they can still
occur.

A CDC analysis of mortality due to NCI in individuals
aged <21 years found that the highest number of cases oc-
curred in children and adolescents with comorbidities. Spe-
cifically, 70% of the cases were in patients aged 10-20 years,
20% in children aged 1-9 years, and 10% in patients
aged <1 year. The mortality rate was higher among male
individuals (63%) and in the 18-20 years age group (41.3%).
Additionally, 75% of those who passed away had one con-
comitant pathology, whereas the remaining individuals had
two or more. The common concomitant pathologies were
chronic lung diseases (e.g., bronchial asthma), neurological
and cardiovascular diseases, obesity, diabetes mellitus, hy-
dronephrotic transformation of the kidneys, oncohematologic
pathology, and intestinal intussusception [13, 19].

The pathogenesis and severity of COVID-19 in children
remain unclear compared with those in adults. However, the
number of hospitalizations in intensive care units for children
is comparable to that for adults [20].

This study aimed to analyze the characteristics of
COVID-19 in children who require hospitalization in special-
ized hospitals for underlying pathology and identify predictors
of severe forms of COVID-19 to determine optimal treatment
methods for this pathology.
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MATERIALS AND METHODS

Overall, 791 individuals aged 0-17 years were diagnosed
with NCI and hospitalized in the department for children with
COVID-19 in the intensive care wards at St. Petershurg State
Pediatric Medical University of the Ministry of Health of Rus-
sia between 2020 and 2022.

Patients with severe COVID-19 were included. Severity
was assessed based on the degree of intoxication and fever
syndromes, catarrhal manifestations, lung damage, other or-
gan and system involvement, and changes in laboratory pa-
rameters. Disease severity was determined according to the
methodological recommendations of the Ministry of Health
of Russia [9].

The diagnosis was based on clinical and epidemiological
data and laboratory and instrumental examination results,
including clinical blood analysis, urinalysis, nasopharyn-
geal and oropharyngeal mucus culture for SARS-CoV-2 by
polymerase chain reaction (PCR), biochemical examination,
coagulogram, X-ray and/or multispiral computed tomography
of the chest, electrocardiography, lung ultrasound, and car-
diac echocardiography.

All patients received comprehensive treatment based on
disease severity, premorbid background, and age. Recom-
binant interferon-a2b preparations were used as etiotropic
agents. Antibacterial, pathogenetic, and symptomatic thera-
pies were administered as indicated.

RESULTS AND DISCUSSION

The patient age distribution was as follows: 3.1% (n = 25),
0-1month; 15.7% (n = 124), 1 month-1 year; 15.0% (n = 118),
1-3 years; 16.3% (n=129), 3-7 years; 19.6% (n = 155),
7-12 years; 10.2% (n=81), 12-15 years; and 20.1%
(n=159), >15 years.

Based on the severity of COVID-19 (n = 791), the distribu-
tion of cases among children was as follows: 57.4% (n = 454),
mild; 38.3% (n = 303), moderate; and 4.3% (n = 34), severe.
The fatal outcome rate was 1.4% (n = 11).

We analyzed 34 severe NCI cases. Table 1 presents the
age distribution of children with severe COVID-19.

Of the children, 29 patients (85.3%) had contact with
COVID-19, of whom 14 patients had familial contact and
15 had contact with medical personnel or caregivers.
The source of infection was not identified in 14.7% (n =5)
of cases.

Upon hospital admission, 20 patients (58.8%) presented
with varying degrees of clinical symptoms. Additionally,
14 children (41.2%) were transferred from other hospitals/
departments for isolation because of a positive result for
SARS-CoV-2 in nasopharyngeal and oropharyngeal smears
by PCR. These children did not exhibit clinical signs of the
disease at the time of hospitalization but developed symp-
toms during observation.
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Table 1. Distribution of children by age with severe form of COVID-19

Tabnuua 1. Pacnpesenenue feteii no Bospacty ¢ Tsxenon dopmoii COVID-19

Age group / Number of children / y
Bo3pactHas rpynna KonuuectBo peteit ’
Young children and preschoolers / [let paHHero Bo3pacTa 1 AOLIKObHUKK

0-1 month / 0-1 mec. 1 29

1 month — Tyears/ 1Mec.— 1. 1 2.9

1-3 years / 1-3 ropa 4 11.8

3-7 years / 3-7 net A 11.8

Total / Bcero 10 29.4

School-age children / [leth wKonbHoro Bospacta

7-12 years / 7-12 net 9 26.5

12-15 years / 12-15 net 3 8.8

Over 15 years old / Ctapwue 15 net 12 35.3

Total / Bcero 24 70.6
Table 2. Concomitant pathology of children with severe form of COVID-19
Tabnuua 2. ConyTcTBYlOLLAA NaTosorus y neten ¢ Taxenon gopmoii COVID-19

Concomitant pathology / Number of children / Y
ConyTcTBylowas naronorus KonuyectBo peteii ’

Oncohematological (patients after bone marrow transplantation): aplastic anemia,

acute lymphoblastic leukemia, acute myeloblastic leukemia, myelodysplastic syndrome,

mucopolysaccharidosis type 1 (Gurler syndrome) / 10 371

OHKoreMatonoruyeckas (naumeHTbl nocne TPpaHCNIaHTaUUU KOCTHOro Mo3ra):

annacT1yecKas aHeMms, oCTpbIi IMMGOBNACTHBIA N1EMKO3, OCTPbIA MUENOBNACTHBIN NEW KO3,
MWEeNOAMCINIACTUYECKUIA CUHAPOM, MyKonoucaxapuao3 1-ro Tuna (cunapom MNypnepa)

Endocrine: type 1 diabetes mellitus, type 2 diabetes

mellitus + grade Il obesity, hyperinsulinism + grade Il obesity, hypothyroidism + grade IIl obesity,

chronic adrenal insufficiency / 3HaoKpUHHas: caxapHbii Anabet 1-ro TMna, 6 22.2
caxapHblin Anabet 2-ro TMna + oxupeHue Il ctenenu, rmnepuHcynMHK3M + oxupenue Il ctenenn,

runoTupeos + oxupenue lIl creneHu, XpoHNYecKas HaaMNoYeYHNKOBAA Hel0CTaTO4HOCTb

Pulmonological: bronchial asthma, mucolipidosis, chronic obstructive pulmonary disease, primary
immunodeficiency / MynbMoHonormyeckas: bpoHxuanbHas acTMa, MyKOMNUAO3, XPOHUYECKaS 6 22.2

06CTpyKTMBHas 60N1e3Hb NErkuX, NepBUYHbIA UMMyHOZedULUT

Nephrological: systemic vasculitis (Goodpasture syndrome), hemolytic-uremic syndrome /
Hedponoruyeckas: cucteMHbIi BackynuT (cMHApoM l'yanacyepa), reMosMTUKO-ypeMUYECKUIA CUHAPOM

3 1.1

Surgical: gangrenous appendicitis / Xupypruyeckas: raHrpeHo3HbIA anneHauuuT 1 3.7

Diseases of the newborn period: hemolytic disease of newborns, sepsis /

1 3.7

bonestu nepuoja HOBOPOXXAEHHOCTU: reMOJInTU4eCKasn bonesHb HOBOPOXXAEHHbIX, Cencuc

Total / Bcero

27 100

Upon admission to the department, 44.1% (n = 15) of
cases were diagnosed as mild, 23.5% (n = 8) as moderately
severe, and 32.4% (n = 11) as severe.

Among the 34 children, 27 (79.4%) had severe comorbid
pathology (Table 2). Additionally, 20.6% (n=7) of patients
with severe COVID-19 did not have an aggravated premorbid
background or comorbid pathology.

DOl https://doiorg/1017816/PED625937

All severe COVID-19 patients exhibited the main clinical
syndromes, including fever, intoxication, and catarrhal syn-
drome, with varying degrees of involvement in the upper and
lower respiratory tracts.

Disease severity was primarily attributed to the diag-
nosis of pneumonia, which was present in 91.2% (n = 31)
of cases. Upon admission, 58.1% (n = 18) of the patients
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Table 3. The volume of lung damage in children with COVID-19
Ta6nuua 3. 06bem nopaxenus nerkux y aeteit npu COVID-19

Vol. 14(5)2023
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Criteria for lung damage according to multispiral computed tomography (CT) /
KpuTepuit nopaxkeHns nerkux no AaHHbIM MynbTUCMIMPabHOM KoMMbloTepHoii Tomorpadum (KT)

Number of children /

. %
Konnyectso feTeit

CT-0 (no involvement) / KT-0 (oTcyTcTBMe BOBEYEHMS) 3 8.8
CT-1 (minimum volume, prevalence less than 25% of lung volume) / 1 2.9
KT-1 (MMHUManbHbIA 061beM, pacnpocTpaHeHHOCTb MeHee 25 % o0bbeMa nerkux)

CT-2 (average volume, 25-50%) / KT-2 (cpeaHuii 06beM, 25-50 %) 2 5.9
CT-3 (significant volume, 50-75%) / KT-3 (3HauuTenbHbii 06beM, 50-75 %) 22 64.7
CT-4 (subtotal volume, more than 75%) / KT-4 (cy6ToTanbHeii 06bem, bonee 75 %) 6 17.7
Total / Bcero 34 100

exhibited varying degrees of lung lesions. During the course
of the disease, pneumonia developed in 41.9% (n = 13) of
children (Table 3). In 8.8% (n=3) of cases, no changes
in lung condition were observed throughout the disease
period.

In 88.2% (30 of 34) of children with severe disease, oxy-
gen therapy was required. Of the patients, 53.3% (n = 16)
received oxygen from the first day of hospitalization, with
10 of them using a face mask/cannula and 6 on invasive
ventilation. Later in the course of the disease, an additional
14 patients (46.7%) required oxygen therapy, with 6 using
noninvasive ventilation via face mask/cannula and 8 on
a ventilator.

Hemogram analysis revealed that 73.5% (n = 25) had
leukopenia, 17.6% (n = 6) had leukocytosis, 64.7% (n = 22)
had anemia, and 47.2% (n = 16) had thrombocytopenia. In all
the patients, pronounced inflammatory changes in the blood
were noted when the disease progressed or the condition
worsened.

Biochemical blood analysis (n = 34) showed an increase
in C-reactive protein levels in all patients. Alanine amino-
transferase/aspartate aminotransferase was elevated in
53.0% (n = 18) of cases, whereas lactate dehydrogenase was
elevated in 32.4% (n = 11). Ferritin was increased in 44.1%
(n = 15) of the cases. Metabolic disorders were detected in
all patients. Hypoproteinemia was observed in 41.2% (n = 14)
of the children, and hypoalbuminemia was noted in 26.5%
(n=9). Coagulogram indicated hypocoagulation in 47.1%
(n=16) of patients, hypercoagulation in 14.7% (n =5), and
increased D-dimer in 73.5% (n = 25).

Of the children studied, 23 (67.4%) had a favorable out-
come with recovery from COVID-19. Six patients were dis-
charged home with clinical and laboratory recovery, 10 were
transferred to another hospital/department for further treat-
ment of concomitant pathology, and 7 were transferred to the
pulmonology department with recovery but persisting lung
changes.

In 11 of 791 (1.4%) COVID-19 patients, unfavorable out-
comes were observed, and severe concomitant pathologies
were determined: 6 children had malignant oncohematology

DOl https://doiorg/10.17816/PED625937

disease after bone marrow transplant, 2 had hemolytic—ure-
mic syndrome, 1 had primary immunodeficiency, 1 had com-
bined pathology (Shereshevsky—Turner syndrome, chronic
obstructive pulmonary disease, organic brain damage), and
1 had a pathology of the newborn (bacterial sepsis) [5, 7].

Furthermore, in all the 11 COVID-19 patients with unfa-
vorable outcomes, signs of multiorgan failure were present,
including encephalopathy and cardiovascular, renal, and he-
patic failure. Severe pneumonia (CT3, CT4) with respiratory
failure was noted in 8 patients (72.7%), ARDS was present
in 5 patients (45.4%), pulmonary embolism in 4 patients
(36.4%), sepsis in 4 patients (36.4%), and septic shock in
3 patients (27.3%). Additionally, 8 children (72.7%) developed
coagulation disorders, specifically disseminated intravascu-
lar coagulation syndrome.

The study results indicate that severe forms of NCI are
accompanied by the classical syndrome complex, which in-
cludes high fever, marked intoxication, and upper and lower
respiratory tract involvement (CT3, CT4) and respiratory
(I-1V degree) and multiorgan failure. The presence of signif-
icant lung damage should be considered even in the absence
of clinical symptoms of the disease.

Oncohematologic pathology, including aplastic ane-
mia, myeloblast leukemia, and lymphoblast leukemia, and
long-term highly toxic cytostatic therapy contribute to the
development of marked immunosuppression. This leads
to a progressive increase in the severity of NCI (CT1-CT4).
The disease often progresses without complications but may
be complicated by sepsis of viral, bacterial, or fungal origin
and the development of multiorgan failure.

Other studies have confirmed our results, indicat-
ing that comorbid pathology significantly complicates the
course of COVID-19 in children and, in some cases, leads
to unfavorable outcomes [13, 19]. Severe comorbid pa-
thology in children of varying ages is a predictor of a se-
vere course of COVID-19 and contributes to unfavorable
prognosis. SARS-CoV-2 infection exacerbates underlying
conditions, leading to complications and potentially fatal
outcomes.
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CONCLUSIONS

Severe cases of COVID-19 in children are character-
ized by high fever, respiratory tract involvement resulting
in significant lung damage (CT3 and CT4), and multiorgan
failure.

Predictors for mandatory hospitalization in special-
ized hospitals for background pathology in severe forms of
COVID-19 include primary immunodeficiency states, onco-
hematological pathology with postcytostatic aplasia of he-
matopoiesis, severe organic lesions of the central nervous
system, epilepsy, protein-energy deficiency (Ill-1V degree),
bronchopulmonary dysplasia, and atypical hemolytic—ure-
mic syndrome with acute kidney injury. Children with
COVID-19 and severe comorbidities (e.g., oncohemato-
logic, endocrine, renal, and primary immunodeficiencies)
and severe lesions in the central nervous system and other
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systems and organs require complex treatment. The treat-
ment should be performed in a specialized department with
extensive diagnostic and therapeutic capabilities and by a
trained team of specialist physicians using a multidisciplinary
approach.
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