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Abstract

Background. Data on the prevalence of post-COVID-19 condition (PCC) in children differ due to the lack of
specific diagnostic criteria, reliable biomarkers, and limitations of many studies. It is important to study the
association between PCC, previous functional disorders, and any events in the post-acute period of COVID-19 to
estimate the true burden of PCC in children.

The aim. To determine of the prevalence of PCC in relation to initial functional disorders in children during the
year after a mild form of COVID-19 and acute respiratory tract infections (ART]I) of other etiologies.

Materials and methods. The prospective study using a continuous sampling method included children under
18 years of age hospitalized with suspected COVID-19, in whom COVID-19 was confirmed by RT-PCR (n = 121)
or excluded by molecular and serological methods (ARTI group, n = 105). Information on patients was collected
from September 2020 to December 2021 by questionnaires at index points: hospital discharge and after 1, 3,
6 and 12 months. Severe COVID-19 and patients with chronic diseases were excluded. Functional disorders in
the anamnesis and any events associated with health disorders during the year of observation, the severity of
symptoms were taken into account. The analysis was performed in groups of children < 6 years and = 6 years of
age. Symptoms were grouped into clusters.

Results. Any symptoms were identified with a frequency of 32-39% (in children < 6 years and 26 years,
respectively). The most common were psycho-emotional, respiratory and autonomic dysfunction (AD) cluster.
Symptoms in most cases were mild with a duration of 3—6 months. After adjustment for age, AD history and
recurrent ARTI episodes, no difference was found in the symptom clusters prevalence between confirmed and
excluded COVID-19, except for hyposmia, the incidence of which in children =6 years decreased from 14.3% at
the firstindex point to 2.4% after one year. Among patients without an AD history and without recurrent ARTI during
the year, de novo PCC was a rare phenomenon (2.7-8.0%) without differences between COVID-19 and controls.
The risks of PCC were significantly increased in patients with an AD history (adjusted OR at 1 month 3.19 (95% ClI
1.89-5.38), at 6 months 3.33 (95% CI 1.81-6.15)). Multiple (5-25) and persistent (at all index points) symptoms
rated by patients as significant occurred de novo rarely (1.7% (95% CI 0.4—4.9)), but significantly more often in
children with an AD history — 25%) 95% CI 13.6-39.6%) (difference 23.3% (10.9-35.7%), OR 14.8 (4.4-50.6),
p <0.001). Recurrent episodes of ARTI were an important risk factor for an increase in cognitive cluster complaints
and vagotonic AD after 3—-6 months of observation.

Conclusion. The results obtained indirectly support the concept that PCC is a somatoform functional disorder,
probably of sociogenic nature, in patients who are anxious at baseline. Some patients with the COVID-19 and
ARTI consequences really need medical and psychosocial rehabilitation. The study of PCC provides new insights
into the consequences of widespread respiratory viral infections.
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PacnpocTpaHEéHHOCTb, CMEKTP M B3aMOCBA3N KPAaTKOCPOUHbIX
n ponrocpoyHbix nocneacrenin COVID-19y peten

MeckuHa E.P”, Xapucosa M.K., Ywakosa A.10., LlenunaHosa E.E., lankuHa J1.A.

MockoBCKUin 0611acTHO HayYHO-UCCEef0BATENbCKUIN KNMHUYECKUI MHCTUTYT umeHn M.O. Bnagnmupckoro, Mocksa, Poccus

AHHOMauyusi

BeepeHue. [laHHble 0 pacnpocTpaHéHHoCT cocTosiHus nocne COVID-19 (Post-COVID-19 condition, PCC)
y OeTel pasnunyalTcsi U3-3a OTCYTCTBUS KOHKPETHbIX OUArHOCTUYECKUX KpUTEpUEB, HafEXHbIX BGuomapkepoB
W OrPaHUYEHMI MHOTMX NPOBEAEHHBbIX NccnenoBaHvin. BaxHo nayunts ceasb mexay PCC, dyHKLMOHanNbHbIMU
paccTpoicTBamMu B MPOLUIIOM U NOGbIMK cOObITUAMMU nocne nepeHecéHHoro COVID-19, 4yTo6bl oLeHUTb UCTUH-
Hoe 6pemsa PCC y petel.

Llenb — onpeneneHne pacnpoctpaHéHHocTn PCC BO B3aMMOCBSA3M C MCXOAHBIMU (DYHKLMOHAMNbHBIMU pac-
CTpovicTBaMu y AieTen B TedeHue roga nocne Hetsxkénon dopmbl COVID-19 1 ocTpor pecnnpaTtopHON BUPYCHOM
nHpekunn (OPBW) gpyromn atuonoruu.

Martepuanbl U metoAabl. B npocnektMBHOe wuccnefoBaHWe METOAOM CrOLWHOW BbIOOPKU BKIKOYEHbI Ae-
™M Mnagwe 18 nert, rocnMtanuanpoBaHHble B 6onbHULY ¢ nogo3peHnem Ha COVID-19, y kotopbix COVID-19
Obin NoaTBEPXKAEH B MONMMeEpasHOW LENHON peakumm ¢ obpaTHon TpaHckpunumen (n = 121) nnm NCknioYéH
MOMeKyNnsipHbIM U ceponoruyeckum metogamu (rpynna OPBW; n = 105). MHdopmauus o nauueHTax cobpaHa
¢ ceHTA6psa 2020 r. no gekabpb 2021 r. nyTEM aHKETUPOBaHWSA B UHAEKCHBIX TOYKaX: Npu BbiNMcke 13 60nbHULbI 1
yepes 1, 3, 6 1 12 mec. Tsxkénble dopmbl COVID-19 1 naumeHTbl ¢ XpoHMYeCcKkuMM 3aboneBaHnsiMu BbInn NUCKO-
YeHbl. YuutbiBanu yHKUMOHarbHbIE pAacCTPONCTBA B aHaMHe3e 1 niobble cobbITUSA, CBA3aHHbIE C HApYLLUEHNEM
300pOBbS, B Te4eHNe roga HabngeHns, BbIpaXKeHHOCTb CUMNTOMOB. AHann3 NpoBeaAéEH B rpynnax aeten < 6 net
1 = 6 net. CumnTOMbI ObINK CrpynnNMpoBaHbl B KNacTepbl.

PesynbsraTtbl. CumnToMbl onpeaeneHsl ¢ yactoton 32% y geten < 6 net n 39% y geten = 6 net. Hanbonee
pacnpoCTpaHEHHbIMU ObININ NCUXO3IMOLIMOHANBHbIA, PECMMPATOPHBIN KNacTepbl U CUHAPOM BEreTaTMBHbIX OUC-
dpyHkumii (CBL). CumnToMbl B 6onbLUMHCTBE CriydaeB Obilnu NErkuMm ¢ NpoaosknTenbHocTeo 3—6 mec. MNocne
nonpasku Ha Bo3pacTt, CB[] B aHamHe3e 1 noBTopHble ann3oabl OPBU He ycTaHOBNEHO pasHuupbl pacnpocTtpa-
HEHHOCTM CUMMNTOMOB MeXay NoATBEePXAEHHBLIM U UCKNOYEHHBIM COVID-19, kpomMe rMnocmMum, YactoTa KOTOpoWn
y OeTen = 6 net ymeHbluunack ¢ 14,3% npwu Bbinucke 13 6onbHUUbl A0 2,4% Yepes rog. Cpeam naumeHToB 6e3
uctopun CBL B npowunom n 6e3 nostopHbix OPBU B TeueHue roga PCC de novo 6bino pegkum saenexHvem (2,7—
8,0%) 6e3 otnuuun mexay COVID-19 n OPBU gpyron atnonorun. Puckn PCC Gbinm cyLecTBEHHO NOBbILIEHbI
y nauueHToB ¢ CB[] B aHamMHe3e: CKOppeKTUpOBaHHOE OTHOLeHWeE WwaHcoB Yyepes 1 mec — 3,19 (95% O 1,89—
5,38), yepes 6 mec — 3,33 (95% OU 1,81-6,15). MHOxecTBeHHbIe (5—25) n ycTon4mBblEe (BO BCEX UHAEKCHBLIX
TOYKax) CUMMTOMbI, OLEHEHHbIE NaLUMEHTaMM Kak CyLleCcTBeHHble, BO3HuKanu de novo peako — 1,7% (95% AU
0,4—4,9), Ho 3HaumTenbHO Yalle y Aeten ¢ CBl B aHamHese — 25% (95% AN 13,6-39,6%); pasHnua — 23,3%
(10,9-35,7%); oTHOWweHMe waHcoB 14,8 (4,4-50,6); p < 0,001. MosTopHbIe anu3oabl OPBW Obiny BaxkHbIM chak-
TOPOM pUCKa yYBENUYEHMUS Xanod KOrHUTUBHOIO KnacTepa u BarotoHmdeckoro CB[l yepes 3—6 mec HabnogeHus.
3akntoveHue. MonyyeHbl pe3ynsraThl, KOCBEHHO NOAAEPXKMBAOLLME KOHLEeNLUMio, B kKoTopoi PCC npeacrtaensiet
cobow comatodopMHOEe (PyHKLIMOHANBHOE PacCTPOMCTBO, BEPOATHO, COLIMOMEHHOTO XapakTepa Y TPEBOXHbIX Ha
MCXOOHOM YpPOBHE naumeHToB. HekoTopble nauueHTbl ¢ nocneacteuamu COVID-19 n OPBU pencreutensHO
HY>XOalTCsl B MEAMUMHCKOM U NcuxocouunanbHon peadunutaumn. N3yvenne PCC npencTaBnsieT HOBbIE acnekThbl
nocneacTBUi LUMPOKO pacnpoOCTPaHEHHbBIX PECMMPATOPHBIX BUPYCHBIX MHAEKLMIA.

KnroueBble cnoBa: demu, nodpocmku, COVID-19, cocmosiHue nocne COVID-19, nocm-ocmpeie nocrnedcmausi
COVID-19, dnumenbHbil COVID-19, cuHOpom eecemamusHol OucehyHKUUU, MCUX03MOUUOHalIbHbIe paccmpou-
cmea, comamuyecKkue CuMmomMbl, COMamogopMHOe paccmpolicmeo

Amuyeckoe ymeepxdeHue. /iccnenoBaHne npoBoamnoch npu 4o6poBonsHOM MHOPMUPOBAHHOM COTacu 3aKOH-
HbIX NpeAcTaBUTENen HeCOBEPLLIEHHOMNETHUX NaumeHToB. MpoTokon nccrneaoBaHust ofoGpeH JTUYECKUM KOMUTETOM
MOHWKN nm. M.®. Bnagnmupckoro (npotokon Ne 10 ot 01.09.2020).

UcmoyHuk huHaHcupoeaHusi. ViccnegoBaHve ouHaHcUpoBanocb MUHUCTEPCTBOM 3apaBoOXpaHeHMs MOCKOBCKOWM
obnacTui B pamkax nepeyHst HayuHo-uccnegosatensckux pabotr MOHUKW um. M.®. Bnagumupckoro no MNocynapcteeH-
HOMy 3apaHuto Ha 2020-2024 rr. ot 15.01.2020.

KoHgbniukm uHmepecoe. ABTOpbl AEKNapUpYHOT OTCYTCTBME SIBHbIX Y NOTEHUMArbHbLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosILLen cTaTb.

Anst yumupoeaHus: MeckuHa E.P.,, Xagucosa M.K., Ywakosa A.}O., LlenunaHosa E.E., MankunHa J1.A. PacnpoctpaHéH-
HOCTb, CMIEKTP 1 B3aUMOCBSI3M KPaTKOCPOUHbIX U AOMrOCcpoYHbix nocneactaun COVID-19 y aeten. XKypHan Mukpobuo-
noeuu, anudemuonoauu u ummyHobuonoauu. 2025;102(1):43-61.
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Introduction

Among the many global challenges of the
COVID-19 pandemic, health impairments that persist,
progress or emerge after the acute period of COVID-19
have a significant impact on daily human activities and
quality of life.

Several terms are used in the scientific literature to
define the long-term effects of COVID-19. They were
proposed later than the identified problem and refer to
the timing of onset and duration of persistent symptoms
without specifying their epidemiological and clinical
and characteristics. According to the World Health
Organization (WHO) definition, Post-COVID-19 con-
dition (PCC) occurs in individuals with a history of
confirmed or probable SARS-CoV-2 infection when
symptoms initially occurring within 3 months after
the acute period last for at least 2 months and typical-
ly affect daily activities. This definition can be used
in patients of all ages' and is adopted in this publi-
cation. The term Post-acute sequelac of SARS-CoV-2
(PASC) proposed by the National Institutes of Health
is essentially the same as the WHO definition [1]. Ac-
cording to the clarification of another group of experts,
the term Long COVID takes into account at least one
physical symptom under other similar conditions [2].
The absence of an alternative cause of impairment is
mentioned as one of the key definitions of PCC. Cur-
rently, PCC has a special code of nosological unit of
clinical diagnosis.

The prevalence, spectrum, hierarchy and duration
of PCC symptoms are characterized by significant hete-
rogeneity (0.8-74.5%) [3, 4]. More than 200 symptoms
have been described in children and adolescents [5].
Weakness, fatigue, fever, dyspnea, cough, headache,
dizziness, exercise intolerance, emotional disturbances,
sleep disturbances, decreased concentration, learning
difficulties, hyposmia, dysgeusia and abdominal pain
are listed with variable ranking (< 10-20% in most
studies) [5-7]. Late large pediatric controlled studies
and meta-analyses with hundreds of thousands of par-
ticipants have identified a 25-30% PCC symptom rate
after SARS-CoV-2 infection of any severity in outpa-
tients and hospitalized patients [6—8], as well as in as-
ymptomatic carriers [9]. High quality studies are asso-
ciated with lower confirmation of PCC [10].

Pooled assessments of SARS-CoV-2-infected
and uninfected children (by polymerase chain reaction
testing) identified the same consistent symptoms with
little or no difference. Risks of individual symptoms
(hyposmia, dysgeusia, exercise intolerance, dyspnea,
cognitive deficits, hair loss, palpitations and fatigue)

' WHO. A clinical case definition for post COVID-19 condition
in children and adolescents by expert consensus, 16 February
2023. Available at: https://who.int/publications/i/item/WHO-
2019-nCoV-Post-COVID-19-condition-CA-Clinical-case-
definition-2023-1

were slightly higher in SARS-CoV-2-positive patients,
by 2-8% [3, 11], increasing to 15-30% among adoles-
cents older than 11 years [12]. Risk factors for pediatric
PCC, in addition to adolescence, may include female
sex (although there is no gender difference in the acute
COVID-19 period), European race, severe illness,
NICU stay, length of hospitalization, combined comor-
bidity, and baseline mental health disorders [3, 7, 13].
Other studies have found no association of PCC with
demographics (age, gender, and race) [8].

Symptoms may first appear in the early COVID-19
recollection period, persist with varying duration, fluc-
tuate or recur. In children, the trajectory of major PCC
symptoms decreases over time from 20-35% to 3—15%
with no statistical difference from controls [7, 14-16].
The prevalence of some symptoms may increase after
3—6 months (up to 50-60%) and then be maintained
at a high level, while others may decrease at differ-
ent rates or persist with an initial low frequency [16].
In some children, symptoms occurred de novo after
6—12 months of follow-up [17]. However, 6 months
after testing, both SARS-CoV-2-positive (24%) and
SARS CoV-2-negative (17%) patients had symptoms
that met the definition of PCC [18].

In general, compared with adults, the burden of
pediatric PCC was moderate to low, symptoms were
milder and reported significantly less frequently [3, 11,
16]. Nevertheless, PCC significantly reduced children's
quality of life [19] and daily activities, interfered with
schooling, and required more frequent visits to medical
care [20].

PCC has a number of obvious problems [10, 21].
Limitations include the lack of standardized clinical
patterns and biomarkers to describe and diagnose it,
which leads to certain difficulties in diagnosis and plan-
ning clinical trials. Only 35% of published reports used
1 of 3 definitions of PCC (PASC) [22]. Out of the 110
children who sought medical care with suspected PCC,
the diagnosis was confirmed in 29%, alternative somat-
ic/psychiatric conditions were established in 47%, and
the cause of complaints remained unexplained in 23%
[23]. Cancellation, wrong selection, misclassification,
non-response and/or loss of follow-up, as well as the
substantial heterogeneity of the results obtained and
the limitations of meta-analyses due to insufficient data
may be objective shortcomings of many publications.
Thereby, the quality of evidence and methodological
rigor of a number of scientific papers may have been
suboptimal [4, 6, 10].

On the other hand, the similarity of symptoms in
SARS-CoV-2-positive and SARS-CoV-2-negative pa-
tients suggests the influence of additional factors that
have not yet been clearly defined. Most studies have
identified chronic diseases routinely recorded in med-
ical databases and electronic records as predictors of
PCC risk, but have not investigated the role of base-
line functional impairment and possible new diseases in
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the context of the heterogeneous labile PCC symptom
complex and new infection pandemic settings.

This prospective study was planned and performed
early in the SARS-CoV-2 pandemic, but despite this, its
results may be useful as it is the first attempt to consider
baseline functional impairment in children as a predic-
tor of PCC risk, as well as the possibility of common
sequelae of COVID-19 and other respiratory infections,
which seems to help achieve a better understanding of
PCC.

The aim of the study was to determine the preva-
lence of PCC in relation to baseline functional impair-
ment in children one year after non-severe COVID-19
and acute respiratory tract infection (ARTI) of other
etiologies.

Materials and methods

Study design

We conducted an observational longitudinal study
using a continuous sampling method of short- and long-
term effects of non-severe COVID-19 compared with
acute respiratory infection of other etiologies in chil-
dren of any age hospitalized in an infectious disease
hospital. During the acute period of illness and for a
year afterward, children without baseline health prob-
lems or with a history of only functional impairment
were observed.

Participants

Children with upper and lower respiratory tract
infections were included in the study, regardless of its
timing. In order to avoid bias associated with risk fac-
tors, the study excluded children with severe and com-
plicated forms of the disease, with established chronic
diseases and signs of primary autonomic dysfunction
(AD) including organic lesions and traumas of the cen-
tral and peripheral nervous system, excessive overstrain
of the nervous system (clearly defined physical or emo-
tional stress, sports in professional sections), diabetes
mellitus, obesity, other endocrine disorders, chromo-
somal disorders and other chronic diseases.

Patients were recruited from September 2020 to
December 2021, i.e., after the first wave of the Ukhan
strain of SARS-CoV-2 and before the beginning of the
spread of genetic variants of SARS-CoV-2 Omicron in
Russia. 250 children under 18 years of age were inclu-
ded in the study. COVID-19 was confirmed by routine
methods on the basis of positive SARS-CoV-2 RNA
test in nasal and oropharyngeal swabs taken at the time
of hospitalization. The comparison group (ARTI group)
were patients in whom COVID-19 was excluded by
negative nasal and oropharyngeal swabs in reverse
transcription polymerase chain reaction and serologic
tests with detection of anti-SARS-CoV-2 IgM and IgG
in enzyme-linked immunosorbent assay before hospital
discharge on days 7—10 of the illness. Testing for other

ORIGINAL RESEARCHES

respiratory viruses was not performed. Recruitment of
patients in each group (COVID-19 and acute respirato-
ry viruses) was stopped at the 125th included patient.
Atotal 0f 9.6% of patients were excluded from the study
(COVID-19 — 3.2%, ARTI — 16%) due to the devel-
opment of severe pneumonia or loss of contact during
the study period. Additionally, patients with diagnostic
titers of specific anti-SARS-CoV-2 IgM and IgG were
excluded from the ARTI group. Comparative data ana-
lysis was performed in groups of 121 (COVID-19) and
105 (ARTI) patients.

Treatment of COVID-19 in hospital was per-
formed according to the Temporary Methodological
Recommendations of the Ministry of Health of the Rus-
sian Federation “Prevention, Diagnosis and Treatment
of New Coronavirus Infection (COVID-19)”, versions
1-7, as well as the Methodological Recommendations
of the Ministry of Health of the Russian Federation
“Features of Clinical Manifestations and Treatment
of Disease Caused by New Coronavirus Infection
(COVID-19) in Children”, versions 1 (03.04.2020) and
2 (03.07.2020), relevant at that time.

Patient information was collected by question-
naires administered to mothers and older children at the
time of hospitalization and during the following year by
telephone contact at index (contact) points at 1, 3, 6 and
12 months (+ 5 days) after hospitalization.

The physical, psycho-emotional and cognitive de-
velopment of children varies with age. Assessment of
the health status of young children depends more on in-
formation provided by the mother. School-aged and ad-
olescent children are able to present active complaints.
Therefore, age-adapted questionnaires were developed
for children under and over 6 years of age. The ques-
tionnaires were tailored to the literature and possible
symptoms after COVID-19. Both questionnaires con-
tained two blocks of questions. The first block (anam-
nestic) contained 15 questions to assess functional dis-
orders (including gastrointestinal, autonomic nervous
system (ANS) dysfunction, psycho-emotional state,
and morbidity) in the child's history. The second block
questionnaire (observational) for children < 6 years of
age included 53 questions and for children > 6 years
of age 76 questions. Both questionnaires contained
questions about active complaints, general condition of
the patient, intensity of disorders, if any, signs of psy-
cho-emotional, cognitive, functional (including gastro-
intestinal) disorders and AD, subjective sensations of
pain, frequency of visits to a pediatrician and special-
ists, any illnesses, including those that occurred for the
first time, facts of hospitalizations, and pharmacological
treatment. The answers to the following questions were
also evaluated: “Are you feeling worse than before the
disease or the same?”, ‘Do you assess your own symp-
toms as mild, moderate or serious?’, ‘Were the symp-
toms you have now observed before the disease?’. Fur-
thermore, it was offered to evaluate the state of general
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health on a 100-point scale. In case of recurrent acute
respiratory infections, information about SARS-CoV-2
testing was collected from the words of their mothers.

During the follow-up period, a total of 277 re-
current episodes of acute respiratory infections were
recorded, of which 85.9% of children were routinely
tested. COVID-19 during the one-year follow-up peri-
od was confirmed in 3 cases (these patients were not
excluded from the study). The study did not include
clinical and instrumental diagnosis of AD, myalgic en-
cephalomyelitis/chronic fatigue syndrome, or other in-
vestigations evaluating the function of various organs
and systems. The analysis was performed in groups of
children stratified by age.

Ethical expertise

The patients' legal representatives signed in-
formed consent to participate in the study, agreed to fill
out the developed questionnaires and answer questions
during telephone contacts within a year after discharge
from the hospital. The study protocol and informed
consent to participate in the study were approved by
the Independent Ethical Committee of the Moscow Re-
gional Research and Clinical Institute (Protocol No. 10
of 01.09.2020).

Terms and definitions used

This publication uses the term Post-COVID-19
condition (PCC) as defined by WHO, taking into ac-
count all symptoms (at least one) [2] that persisted or
occurred during the year. Groups of symptoms were
grouped into clusters for ease of their statistical anal-
ysis: emotional, cognitive, fatigue, gastrointestinal,
respiratory, and AD with subclusters of cardiovascular
autonomic disorders, sympticotonic or vagotonic types.
Definitions of all terms used are detailed in the Sup-
plementary Material on the journal website. It should
be emphasized that the symptoms grouped into clus-
ters logically overlap. The individual most frequently
occurring symptoms are also presented. The frequency
of new symptoms was defined as the proportion of par-
ticipants with a symptom on the date of telephone con-
tact but who did not have that symptom at all previous
index points.

Statistical analysis

Statistical analysis of the study results was car-
ried out using the Microsoft Excel 2011, Statistica v.
7.0 (StatSoft Inc. 7.0) program packages. Quantitative
and qualitative data were described with calculation of
arithmetic mean (M), standard deviation (SD), median
(Me), lower and upper quartiles [Q,; Q,]. Discrete fea-
tures are presented as a fraction (%) of cases from the
total number of observations. When comparing several
dynamic measurements of dichotomous variables, the
Cochran's Q-criterion was used, and the rank analysis of
variance was used for dependent qualitative indicators.

When comparing frequencies of events in independent
groups, Pearson's y* test for quadratic and randomized
tables was used; the two-sided Mann-Whitney test was
used for qualitative variables; the McNemar test with
Yates correction was used for pairwise comparisons of
dependent variables. When the number of variables in 1
cell of the quadratic table was less than 5, the two-sided
Fisher's criterion was used.

The following criteria were used to assess the mag-
nitude of risks: frequency of the event in the compared
groups, relative risk (RR) of the event in the compared
groups, odds ratio (OR) of the event to no event in the
compared groups with calculation of 95% confidence
intervals (CI). OR < 1 indicates decreased risk, OR =1
indicates no effect, and OR > 1 indicates increased risk.
Predictors of long-term symptoms were assessed us-
ing univariate and multivariate logistic regression mo-
dels and are represented by adjusted OR and 95% CI.
Differences were considered statistically significant at
p <0.05.

Results

Children < 6 years of age

At baseline in the hospital, the COVID-19 group
differed from the acute respiratory tract infection group
in the absence of croup (vs. 8.6%) and bronchitis (vs.
31%, respectively) but a longer course of antibacterial
and antiviral therapy. The difference was formal be-
cause of the lack of recommendations to distinguish the
respective clinical forms of COVID-19. The incidence
of out-of-hospital pneumonia was comparable in the
compared groups. The history of patients < 6 years of
age with COVID-19 was more frequently recorded as
symptoms of AD, functional, including gastrointestinal
disorders (24.3% vs. 5.2%; p = 0.006) and atopic der-
matitis (18.9% vs. 3.4%; p = 0.026). A more detailed
characterization of the compared groups is presented in
Table S1 and Table S2 in the Supplementary Materi-
al on the journal website.

At the time of hospital discharge, complaints/
signs were identified in 32 and 38% of patients < 6
years of age, with no statistical difference between
the COVID-19 and ARTI groups (Table 1). The chil-
dren's impairments were mostly mild and the number
of symptoms/signs per child was small (usually 1-2,
no more than 3-5). During the year, the frequency of
active complaints was stable between 5-20%. The peak
of symptoms/signs detected by questionnaires was reg-
istered by 3—6 months of follow-up with maximum fre-
quency in the acute respiratory tract infection group.
The maternal score (integral) of children's health sta-
tus was associated with the questionnaires and showed
consistent improvement after COVID-19 and no sig-
nificant change after acute respiratory viral infections
with worse scores compared to COVID-19 starting at
3 months of follow-up (Table 1).
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Typical symptoms (weakness, fatigue, respiratory
distress) were very rare (1-2%) at all contact points.
AD symptoms, psycho-emotional disturbances, sleep
problems and catarrhal symptoms were more common
than others regardless of the comparison group. Re-
spondents in the COVID-19 and ARTI groups noted de
novo AD symptoms at the time of hospital discharge
relative to the pre-disease period in 13.5% and 10.3%
of cases, respectively (p > 0.05; see Table 1). Further,
relative to the prior point of contact, new AD symptoms
occurred in the range of 2.0-13.8% in both groups. Af-
ter COVID-19, the prevalence of emotional disturbanc-
es was relatively stable, but in the ARTI group had the
character of a parabolic curve with a peak (20.7%) at
3 months after hospital discharge. Overall, during the
year, de novo signs of AD appeared in 27.0% of respon-
dents in the COVID-19 group and 34.5% in the ARTI
group (p > 0.05), and new cases of psycho-emotional
disorders in 21.6 and 15.5%, respectively (p > 0.05).
All patients with a history of AD occasionally indicated
its symptoms at one or another point of telephone con-
tact. Symptoms of AD throughout the year were absent
in 54% of children in the COVID-19 group and 65.5%
of children in the ARTI group, psycho-emotional disor-
ders in 73 and 82.8%, and sleep disorders in 75.7 and
93.1%, respectively (for all indicators, p > 0.05).

The maximum number of complaints 3-6 months
after hospital discharge was associated with new epi-
sodes of acute respiratory and intestinal infections,
which were the main reason for seeking medical
help. Catarrhal symptoms without other signs during
this time frame were frequent and significantly more
frequent after acute respiratory infections than after
COVID-19 (Table 1). Twenty-seven and 55.2% (p =
0.008) of children in the compared groups became re-
peatedly ill with acute respiratory infections within 3
months after hospital discharge, and 40.5 and 89.9%
within 6 months, respectively (p < 0.001). Confirmed
cases of acute gastroenteritis occurred (at different time
points) in 13.5% of children in the COVID-19 group
and 6.9% of children in the ARTI group.

Additional diagnoses after COVID-19 were
hepatitis of undetermined etiology of low activity of
3 months' duration (2.7%; 95% CI 0.1-15.8), cervi-
cal lymphadenitis, and urinary tract infection; in the
acute respiratory tract infection group, varicella (3
cases), community-acquired pneumonia, otitis media,
COVID-19 (1 case), and urinary tract infection. 24.3
children in the COVID-19 group and 6.9% of children
in the acute respiratory tract infection group had no ill-
nesses during the year (p = 0.033).

At all of the time points, 3 (8.1% 95% CI 1.7-
21.9) children in the COVID-19 group and 1 (1.7%
95% CI 0.04-9.20%) in the acute respiratory tract in-
fection group (p = 0.050) had any persistent disorders
significantly affecting their general health (as assessed
by mothers). However, similar symptoms were record-

ORIGINAL RESEARCHES

ed in the history of these patients before inclusion in
the study. In the remaining children, the complaints/
symptoms were transient in nature. There was no effect
of age and gender on the studied parameters in children
younger than 6 years of age.

The overall incidence of cases meeting the defini-
tion of PCC in children younger than 6 years at 1, 3, 6
and 12 months after hospital discharge was relatively
stable and was 19, 24, 30 and 16% after COVID-19 and
19, 24, 24 and 15.5% after acute respiratory infection
(at all points p > 0.05). But after excluding patients who
had acute infections or other established diseases, it ap-
peared that PCC was rarely reported de novo, 2.7-8.1%
at 1-3 months after hospital discharge and was absent
at 6 months (Figure, a).

The adjusted odds of having symptoms of AD (ad-
justed OR = 2.192; 95% CI 1.246-3.865; p = 0.007)
or emotional distress (adjusted OR = 2.081; 95% CI
1.0354.187; p = 0.039) were increased by 6 months
after hospital discharge in both SARS-CoV-2-positive
and SARS-CoV-2-negative patients if they had a recur-
rent acute respiratory illness.

Children = 6 years of age

The COVID-19 group differed from the acute re-
spiratory tract infection group by a shift in age structure
toward a predominance of adolescents 10-17 years of
age (70.2% vs 51.1%; p = 0.024), the acute respiratory
tract infection group by a higher incidence of bronchitis
and a shorter duration of antibiotic therapy and antivi-
ral therapy (similar to younger children). Patient history
> 6 years did not differ, except for a more frequent his-
tory of out-of-hospital pneumonia among those hospi-
talized with acute respiratory infections (Table S3 and
Table S4 in the Supplementary Material on the journal
website).

Children > 6 years of age rated their health status
worse than patients < 6 years of age (Table 2; Table S5
in the Supplementary Material on the journal web-
site). At the time of hospital discharge, the incidence
of complaints and symptoms was higher (36.9%) in the
COVID-19 group than in the ARTI group (8.5%; Ta-
ble 2). At one year, self-assessment of health impair-
ment after COVID-19 indicated moderate improvement
according to the mean integral score. In the ARTI group,
the dynamics of changes had an opposite direction (Ta-
ble 2). Patients > 6 years of age presented a wider range
of complaints and their mean per 1 child was higher than
that of children < 6 years of age at all telephone contact
points. The proportion of children with more complaints/
signs (6-25) ranged from 2-13% with no differences
between groups or time points. In almost all cases (87—
88%), multiple complaints were made by children with
a history of underlying functional health disorders.

Children > 6 years of age complained more fre-
quently of weakness/fatigue, headache, and emotional
disturbances (2.4-23.8%) and rarely (1-7%) of phys-
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ical and mental intolerance, cognitive dysfunction,
breathing difficulties, sleep disturbances, hair loss,
and gastrointestinal disturbances. In a “crude” assess-
ment in the early period of recongestion, the preva-
lence of signs of AD (difference 19.2% [3.5-34.9%];
OR = 0.9 [0.04-2.50], cardiovascular symptoms (dif-
ference 13.3% [4.6-22.1%]; OR = 6.27 [0.02-53.10]),

subfebrile state (difference 12.2% [3.6-20.7%];
OR = 5.7 [0.10-49.2]), and hyposmia (difference
14.3%) were higher after COVID-19 than after acute
respiratory infections (Table 2). However, the increased
risks associated with COVID-19 were not significant.
During the year after COVID-19, the prevalence
of dominant features, including the vagotonic-type

a
L ARTI
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Incidence of PCC (as defined by WHO) in non-sick children in COVID-19 and ARTI groups over time, adjusted for AD history
and de novo symptoms.
a — children under 6 years old; b — children aged 6—18 years.
*p = 0.027 between children < 6 years and = 6 years; the "were before" series presented symptoms recorded in relation to the previous time
point; PCC — post-COVID-19 condition; AD — autonomic dysfunction.
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AD symptom cluster, consistently decreased (Table 2).
Other clusters and symptoms were recorded at a stable
level. Hyposmia gradually resolved but subjectively
persisted after 12 months in 2.4% (95% CI 0.6-9.1) of
cases. The number of new illnesses (mainly recurrent
acute respiratory infections) increased by 6 months and
declined thereafter. Within 6 months after COVID-19,
2 cases of arthritis (2.4%; 95% CI 0.4-9.1%), hemor-
rhagic vasculitis (1.2%; 95% CI 0-7.4%), out-of-hos-
pital pneumonia, and purulent inflammatory diseases
(2 cases) were diagnosed.

After acute respiratory viral infection, the trajec-
tory of the prevalence of the main symptoms was dif-
ferent. The sum of symptoms of AD due to weakness/
fatigue, headaches and in general AD of vagotonic type
increased by 3-6 months, then decreased by the end of
the year. The registration of other nonrespiratory symp-
toms did not differ from COVID-19. New episodes of
acute respiratory infections and associated catarrhal
symptoms accounted for a substantial proportion of the
causes of impairment. After the initial acute respiratory
infection, cystitis, bacterial sinusitis, and 2 episodes of
COVID-19, including one with hyposmia, were diag-
nosed in isolated cases (Table 2).

Overall, the risks of new episodes of respiratory
infections were lower after COVID-19 (as among chil-
dren < 6 years of age) compared with the ARTI group af-
ter 3 months (by 31.3% [95% CI 16.9—47.3]; OR =0.79
[0.55-0.91]) and after 6 months (by 23.7% [7.6-39.9];
OR = 0.59 [0.26-0.77]). There was a correspondingly
lower (22.1% [5.3-38.9]; OR = 0.49 [0.16—0.70]) refer-
ral to a pediatrician. During the year, among children
> 6 years of age in the compared groups, no symptoms
were present in 47.6% of cases in the COVID-19 group
and in 61.7% of cases in the ARTI group (p = 0.122).

The incidence of PCC in the compared groups was
stable at 6 months and moderately decreased after one
year (COVID-19 group: 44.0; 41.7; 42.9 and 33.3%;
ARTI group: 40.4; 40.4; 36.2 and 17.0% at index
points, respectively; p > 0.05). PCC was more common
in children > 6 years than in children <6 years, 1 month
after hospital discharge: COVID-19 group: age differ-
ence 22.7% [95% CI1 6.3-39.3]; OR = 1.20 [0.08-3.50];
p = 0.009), ARTI group: difference 21.5% [4.2—
38.7]; OR = 1.13 [0.13-3.03], OR = 2.9 [1.20-6.98];
p =0.018). No age differences were found at later ages.

The risk of symptom-complex PCC in patients
> 6 years without acute infections or other established
diseases was higher after COVID-19 than after acute
respiratory infections at 1 month, and the risk of de
novo PCC was higher only at the time of hospital dis-
charge (p = 0.039). Thereafter, no statistical difference
was obtained for this indicator. After 6 months of fol-
low-up, there were practically no cases of de novo PCC
in children > 6 years of age (Figure, b).

Multiple and persistent (throughout the year)
disorders significantly affecting well-being were sig-

ORIGINAL RESEARCHES

nificantly more common in children with a history of
AD than de novo: COVID-19 group: 26.5% vs. 1.1%,
respectively; p < 0.001; ARTI group: 21.4 and 2.2%,
respectively; p = 0.016. Table 3 presents the risk scores
of the main symptom clusters adjusted for age, history
of AD and repeated episodes of acute respiratory infec-
tions.

Table 3 shows that the odds of complaints after
COVID-19 were elevated compared to ARTI only at
the time of hospital discharge, especially in children
12 years and older, but after 6 months the odds were
higher in the ARTI group. It appeared that it was not the
etiology of the initial respiratory infection but rather a
history of ARTI that significantly increased the risks of
predominant symptoms at all telephone contact points.
Adolescents > 12 years of age had higher such risks than
children <12 years of age if AD was reported before
the initial illness (adjusted OR = 3.2; 95% CI 2.0-5.2;
p < 0.001). Interestingly, repeated respiratory episodes
increased the odds of the most significant clusters (AD,
including vagotonic type and cognitive impairment) by
6 months of follow-up regardless of the etiology of the
initial infection.

Discussion

According to recent data, PCC in children is char-
acterized by several groups of signs/conditions [1, 24].
After severe COVID-19 and in comorbid patients, PCC
is diagnosed more frequently and has a more significant
impact on pediatric health [1, 3, 25]. The present work
is an attempt to explain the heterogeneity of clinical
manifestations and temporal dynamics of PCC.

In general, we obtained information on the prev-
alence, spectrum and dynamics of symptoms that co-
incides with most published systematic reviews and
meta-analyses [1, 4, 7, 8]. Symptoms identified in the
questionnaires occurred with a frequency of 32-39%.
The most common were the psycho-emotional cluster
and the AD cluster, although older children were more
detailed in labeling perceived symptoms, which is natu-
ral. The respiratory cluster was a significant proportion,
often the only one.

In general, patients in the COVID-19 and ARTI
groups experienced similar symptoms. Crude (unadjust-
ed for possible confounding factors) assessment of dif-
ferences between the COVID-19 group and the SARS-
CoV-2-negative group found higher risks of well-being
disorders (additionally, sleep problems in children < 6
years of age and hyposmia and AD cluster in children
> 6 years of age) only in the early recollection peri-
od. There was no difference in most specific features,
which is probably due to the exclusion of comorbid pa-
tients. We confirmed the increased prevalence of some
symptoms among older children (especially > 12 years)
described previously [12].

In the present study, different dynamics of indi-
vidual symptoms (heterogeneous timing of onset and
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Table 3. History of autonomic dysfunction and incidence of acute respiratory infections adjusted odds ratio in children = 6

years
Sign Adjusted OR 95% ClI p
Odds are increased after COVID-19
Well-being is impaired (self-assessment) 2.038 1.141-3.644 0.016
including children = 12 years 1.634 1.065-2.507 0.037
Autonomic dysfunction (any signs), discharge from the hospital 4.509 2.377-8.559 < 0.001
Odds are increased after ARTI
Well-being is impaired (self-assessment) after 6 months 2.484 1.365-4.518 0.003

Odds are increased in children with a history of autonomic dysfunction regardless of COVID-19/ARTI group

After 1 months

After 6 months

Well-being is impaired (self-assessment)
after 1 months
after 6 months

Headache after 1 months
after 1 months
after 6 months

Weakness, fatigue, locomotor activity
after 1 months
after 6 months

Psychoemotional disorders
after 1 months
after 6 months

Autonomic dysfunction (any signs) after 1 month
ncluding children 2 12 years

Autonomic dysfunction (any signs) after 6 months

Odds are increased in children with repeated ARTI regardless of the COVID-19/ARTI group

Cognitive dysfunction after 6 months
Vagotonic autonomic dysfunction after 6 months

Autonomic dysfunction (any signs) after 6 months

3.187 1.889-5.381 < 0.001
3.333 1.806-6.147 < 0.001
1.756 2.112-1.068 0.015
1.824 1.157-2.872 0.009
2.809 1.614-4.889 < 0.001
3.274 1.831-5.795 < 0.001
2.440 1.651-3.838 < 0.001
2472 1.527-4.007 < 0.001
3.447 1.774-7.007 < 0.001
2.918 1.596-5.333 < 0.001
3.387 2.076-5.474 < 0.001
1.718 1.070-2.759 0.024
3.187 1.917-5.296 < 0.001
1.745 1.023-2.977 0.041

1.788 1.007-3.171 0.047
1.768 1.181-2.649 0.006

Note: *At all time points of contact, odds were increased for these signs only points of 1 and 6 months are given for convenience.

duration) were observed, as noted by other authors [ 14—
16]. After COVID-19, the total number of complaints
consistently decreased in parallel with an increase in
the mean personal health assessment score. In children
< 6 years of age, there was no statistical dynamics of
individual clusters, and in children > 6 years of age, the
frequency of hyposmia, fatigue clusters, and AD (car-
diovascular autonomic symptoms and vagotonic-type
AD) decreased significantly over the course of the
year. In the ARTI group, the sum of negative subjective
feelings increased by 3—6 months in association with

a significant frequency of repeated episodes of respi-
ratory infections: in children < 6 years of age due to
the psycho-emotional cluster, and in patients > 6 years
of age due to the cognitive, fatigue and vagotonic AD
clusters. The mean estimated health status score in the
acute respiratory trauma group did not change much.
Throughout the year, most patients in both groups expe-
rienced mild health impairments and their duration did
not exceed 3-6 months.

Even in the early stages of the pandemic, resear-
chers noted significant similarities between PCC and
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clinical manifestations of AD [6, 26]. Prior to the spread
of COVID-19, it was shown that postural orthostatic
tachycardia syndrome, whose main clinical features are
dizziness, tachycardia, headache, and difficulty concen-
trating, most commonly occurs at a young age with a
median age of 14 years and is diagnosed with a sig-
nificant delay in the majority of patients [27]. Given
these data, we focused on determining the difference
in prevalence of PCC symptoms between children and
adolescents with and without these conditions before
COVID-19, which we believe is a strength of the study.

In children < 6 years of age, a history of AD was
rare, so there were limited opportunities for in-depth
analysis for this characteristic. In the older age group,
calculation of age-adjusted OR and past history of AD
significantly narrowed the range and size of COVID-19
effects. The COVID-19 group differed from SARS-
CoV-2-negative controls only at the time of hospital
discharge by increased risk of malaise complaints. At
other time points, symptom frequency was associated
not with the etiology of the initial respiratory infection
(COVID-19 or acute respiratory infection) but specif-
ically with a history of ANS dysfunction before the
pandemic. Among patients without a history of similar
symptoms and who had not been sick for a year, de novo
PCC was rare (2.7-8.0%) with no statistical differences
between the COVID-19 and acute respiratory infection
groups. Cumulatively (regardless of initial infection),
multiple (5-25) and persistent (at all index points)
symptoms rated by patients as significant occurred
de novo even less frequently, in 1.7% of cases (95%
CI 0.4-4.9), but significantly more frequently among
children with a history of AD, 25% of cases (95% CI
13.6-39.6%; difference 23.3% (10.9-35.7%), OR =
14.8 (4.4-50.6); p < 0.001). It seems that the risks of
PCC in most patients were due to their baseline physi-
cal and mental health status, and personal perception of
the stressful situation in the current pandemic played a
significant role as a supportive trigger of symptoms. At
the same time, some patients did feel sick, as evidenced
by frequent visits to the doctor.

Although COVID-19-associated pediatric AD is
understudied, compelling biomarkers of ANS imbal-
ance both during and after the acute period of infec-
tion have been presented [28—30]. R. Buchhorn showed
that heart rate variability data after COVID-19 are not
significantly different from those of adolescents with
autonomic dysfunction due to psychosomatic diseas-
es before the COVID-19 pandemic [31]. A study by
B.H. Shaw etal. conducted shortly before the COVID-19
pandemic demonstrated different triggers of dysautono-
mia with a significant predominance of infection (41%)
and psychological problems (28%). Pubertal period of
child development was also noted as a significant pre-
dictor of AD. Interestingly, in this study, 40% of pa-
tients reported the onset of symptoms 3 months after
the initiating event [27]. ANS imbalance has also been

described in other respiratory viral infections, such as
influenza [32] or respiratory syncytial infection [33].

Indirect confirmation of these data was also ob-
tained in the present study, as the frequency of vago-
tonic AD and cognitive cluster complaints increased
after 3—-6 months in SARS-CoV-2-negative patients
who were more likely to have repeated acute respira-
tory infections. And adjustment for distorting factors
revealed a significant role of recurrent respiratory in-
fections in increasing the risks of these complaints. In-
depth studies have demonstrated autonomic disorders
with predominant parasympathetic tone in COVID-19
[34], although multifactorial generation of symptoms
and individual patient characteristics mediate complex
mechanisms of ANS imbalance [30].

Stressful events are a critical trigger of AD, espe-
cially in predisposed patients. The SARS-CoV-2 pan-
demic globally has caused a significant deterioration in
mental and cognitive health not only in adults but also
in children, which has been named coronavirus anxiety
[35-37]. Worry about their own and their loved ones'
health, fear, negative media coverage, social isolation
and physical inactivity increased the stressful pressure
of the pandemic. It was not only adolescents, who re-
spond more consciously to negative information flow,
who suffered from sustained experiences. Young chil-
dren also experienced subjective anxiety in response to
maternal anxiety [38, 39]. Patients with special psycho-
logical needs or anxious at baseline were hypersensitive
to the challenges of the epidemiologic situation associ-
ated with the spread of SARS-CoV-2 [37, 40]. Exces-
sive health concern may persist for many months after
COVID-19 [40]. In adults, anticipation of symptoms,
baseline symptom burden and history of coronavirus
disease, but not serologic confirmation, were predictors
of worsening somatic symptoms [41]. The use of scales
to assess neuropsychiatric symptoms and somatization
confirmed subjective stress intolerance and subjective
cognitive deficits in PCC patients [42]. In our data, re-
peated respiratory episodes in an ongoing pandemic per
se or as a nocebo effect appeared to maintain/deepen
feelings of fear, anxiety and depression.

The results of our study support a model of PCC
in which the symptom cluster represents genuine-
ly experienced persistent somatic symptoms that are
usually functional in nature and therefore potentially
reversible. PCC is likely to be a disorder with somatic
symptoms and predisposing, triggering and perpetuat-
ing factors [10].

Thus, it appears that PCC is not a unique event
peculiar to COVID-19 and likely cannot be a noso-
logic unit of clinical diagnosis. In our data, the only
clinical characteristic of SARS-CoV-2 infection was
chemosensory disorders, which are common in older
children and adolescents (younger children are unable
to formulate their sensations as a complaint) and persist
for a long time [43]. Interestingly, the initial severity of
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hyposmia, emotional stress and depression may be risk
factors for its persistence for 2 years [44]. We have not
identified other specific symptoms for COVID-19 and
PCC compared to SARS-CoV-2-negative patients.

The limitations of this study can be considered to
be the collection of information by questionnaire with-
out instrumental investigations that are accepted for the
diagnosis of AD and related cardiovascular disorders.
It is logical to assume that mothers of younger children
and older children, being aware of their disease and un-
der the stress of the pandemic, tend to unconsciously
distort the true picture of their own health, which was
probably further stimulated by leading questions in the
surveys. We evaluated the information about repeated
episodes of acute respiratory viral infections and re-
peated testing for SARC-CoV-2 from patients' words,
and it is impossible to exclude subjective data errors,
although in Russia during this period testing of all pa-
tients with acute respiratory viral infections was strictly
regulated. The age of patients in the COVID-19 group
was slightly skewed toward children older than 12 years
of age who had more frequent complaints. We should
then assume the possibility of lower risks of COVID-19
than established in this paper. However, the prospective
type of our study, the exclusion of factors (severity of
disease and comorbidity) that could knowingly cause
bias in the data, consideration of the severity of symp-
toms and their dynamic variability, low dropout rate
and consideration of new events (diseases) during the
follow-up period allow us to believe that the data ob-
tained are scientifically and practically useful.

ORIGINAL RESEARCHES

Conclusion

Data on the prevalence of PCC in children vary
due to the lack of specific diagnostic criteria, reliable
biomarkers, and significant limitations of many exist-
ing studies. The present study is an attempt to seek ex-
planations for the structural and temporal variability
of PCC per se and therefore focused on finding rela-
tionships of symptoms after COVID-19 with baseline
functional impairment and any events during the year.
Adjustment for age and past history of AD allowed
for a rare prevalence of PCC (2.7-8.0%) and no dif-
ferences between patients with SARS-CoV-2 infection
confirmed or excluded by molecular and serologic
methods. Apart from prolonged hyposmia, we found
no specific effects of COVID-19 compared with acute
respiratory infections. In most cases, the disorders
were mild and persisted for 3—6 months. Persistent
and multiple symptoms perceived as serious by pa-
tients were found in a quarter of patients with a his-
tory of AD and in only 1.7% of de novo patients. Our
results suggest that recurrent respiratory infections in
an ongoing pandemic may be a significant trigger of
new symptoms, explaining the previously described
temporal variability of PCC. Given our and recent ev-
idence, we support the current concept that PCC is a
functional somatic disorder, probably sociogenic in
patients who have baseline anxiety.

The study of PCC presents new aspects of the con-
sequences of widespread respiratory viral infections, as
some patients do need both medical and psychosocial
rehabilitation.
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