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ABSTRACT. Introduction. After recovery from COVID-19, many patients experience long-term sequelae known
as post-COVID syndrome. The role of changes in the gut microbiota, particularly in relation to gastrointestinal
symptoms following COVID-19, is of growing interest, although data on these changes in the post-COVID period
remain controversial. Aim — to identify the main predictors of the absence of gastrointestinal symptoms in the post-
COVID period in children using clinical, anamnestic, molecular biological, and immunological methods. Materials
and methods. A database was created that included over 400 characteristics characterizing general information,
clinical presentation, laboratory data, including procalcitonin and CRP levels, 16S microbiota sequencing, zonulin
determination, stool PCR for SARS-CoV-2, and analysis of antibiotic and synbiotic prescriptions. The analysis was
conducted in two groups of patients. Group 1 included 24 children who developed gastrointestinal symptoms one
month after recovery, while Group 2 consisted of 23 patients who had no gastrointestinal symptoms. Results. Using
a neural network, five features were identified that predict the absence of post-COVID gastrointestinal symptoms
in children one month after recovery from novel coronavirus infection. The sensitivity of the neural network was
95.0%, specificity 87.5%, and accuracy 91.0%. Conclusion. The main predictors of the absence of gastrointestinal
symptoms in the post-COVID period in children are the relative proportion of Actinobacteriota less than 0.24 in
stool by 16S sequencing one month after recovery, the presence of Actinobacteria species less than 0.1 in stool
by 16S sequencing one month after recovery, treatment with a synbiotic for 30 days, normal zonulin levels in stool,
and the absence of a history of food allergies.
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MoaeAb NPOrHo3a OTCYTCTBUA NMOCTKOBUAHDIX
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PE3IOME. Beegenue. Mocne Bbi3gopoBaeHus ot COVID-19 y MHOMMX NaLMeHTOB HabNtoAaTCA JOAFOCPOYHbIE MNo-
CNeACTBUS, U3BECTHbIe KaK MOCTKOBUAHBINA CMHAPOM. PacTywinii uHTEpecC Bbi3bIBAeT POJSib U3MEHEHUI MUKPOBUOTbI
KMULWIEYHMKA, 0COGEHHO B CBA3M C XeNyA0UYHO-KULWEeYHbIMKU cumnToMamm nocne COVID-19, xoTs AaHHble 06 3TUX U3-
MEHEHMUsIX B NOCTKOBUAHbIN MEPUOS, OCTAKOTCA NPOTUBOPEUNBbLIMU. Ljesib — Ha OCHOBAHUMN KIIMHUKO-aHaMHeCTHYe-
CKMX, MONEKYNAPHO-BMONOTNYECKMX U UMMYHONOTNYECKMX METOZOB BbISIBUTb OCHOBHbIE NPEAUKTOPbI OTCYTCTBUS
raCTPOMHTECTMHAJNIbHbIX CUMMTOMOB B MOCTKOBUAHLIV Nepuog y aeteii. Matepuannl u metogbl. Co3gaHa 6asa
JaHHbIX, KoTopas BK/toyana 6onee 400 Npu3HaKoB, xapaKTePU3YHOLLMX 06LLMe CBELEHMS, KIIMHUYECKYIO KapTHHY,
nabopaTopHble JaHHble, B TOM YKCIIe YPOBEHb NPOKaNbLUTOHMHA U C-peakTUBHOIO 6enka, 16S cekBeHUpoBaHue
MWKPOBUOTbI, onpeaeneHne 3oHynuHa, MNLP kana Ha Bupyc SARS-CoV-2, aHann3 HasHauyeHUs aHTUGUOTUKOB U CUH-
6uoTuka. AHanu3 NpoBOAMACA B iBYX rpynnax nauueHToB. [pynna 1 — 24 pebeHka, y KOTOPbIX Yepe3 Mecal, nocne
BbI3L0POBNEHUSA NOABUANCD XENy[0YHO-KMLWEYHbIE CUMNTOMBI, FPyNna 2 COCTOsNa M3 23 NaLMEHTOB, HE UMEBLLMNX
HUKaKWUX raCTPO3HTEPONIOrMYeCKMX CUMNTOMOB. Pe3ynibTaThl. C NOMOLLbIO HENPOHHON CeTU BblAeNeHbl NATb Npu-
3HAKOB, COMPOBOXAALLMX OTCYTCTBUE MOCTKOBUAHbIX FaCTPOMHTECTUHAMbHBIX CUMMNTOMOB Y AETEN Yepes Mecal|
nocne BbI3A0POB/EHNS OT HOBOW KOPOHABUPYCHOW MH(EKLMN. YyBCTBUTENBHOCTL HEPOHHOM CETH COCTaBumna
95,0%, cneunduuHoctb — 87,5%, TouHoCTb — 91,0%. 3akmoyeHne. OCHOBHbIE NPEANKTOPLI OTCYTCTBUA FaCTPOMH-
TECTUHANbHbIX CUMMTOMOB B NOCTKOBUJHbIA NEPUOS Y LeTell — 3T0 OTHOcMTeNbHas gons Actinobacteriota MeHee
0,24 B cTyne meToaoM 16S ceKBEHMPOBaAHMSA Yepes MecsL, Noc/e BbI3AOPOBIEHUSA, Hanuune Buaa Actinobacteria
meHee 0,1 B cTyne MeTofoM 16S ceKBeHUPOBAHNSA Yepe3 MecsL, Noc/e BbI3J0POBNEHNUS, eYeHNe CUHOUOTUKOM B
TeyeHue 30 fHEN, HOPMaNbHbINA YPOBEHb 30HYNIMHA B CTY/E, OTCYTCTBME NULLEBOI anieprum B aHaMHese.

KNIOYEBBIE CJIOBA: COVID-19, geTu, nOCTKOBUAHDbII nepnos, pyHKUnoHanbHble pacctposictBa XKT, nporHo3

UcTouHUK PpUHaHCUpOBaHUA. ABTOPbLI 3aABASIOT 06 OTCYTCTBMUW BHELLHET0 GUHAHCUPOBAHUA NPU NPOBEAEHUU UCCAEAOBAHUSA.
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INTRODUCTION

Although the acute phase of the COVID-19
pandemic has ended, its long-term consequences
remain a major healthcare concern [1]. At pre-
sent, more than 1000 different genetic lines of the
SARS-CoV-2 virus have been registered, posses-
sing unique characteristics and different degrees
of resistance to the immune response [2]. It has
been established that even after recovery from
various variants of COVID-19 infection, patients
reveal signs and symptoms that persist after the
disease or appear again, which is interpreted as
post-COVID syndrome [3, 4]. Symptoms may be
associated with chronic inflammation, autoim-
mune diseases, chronic endotheliopathy, micro-
thrombosis or persistence of the virus [3]. Chan-
ges in the composition of the microbiota may
also play a role in long COVID, however data on
the intestinal microbiota in the post-COVID peri-
od are contradictory [5, 6]. Recently, researchers’
attention has been attracted by the relationship
between changes in the intestinal microbiota and
the presence of gastrointestinal manifestations
after COVID-19-infection [7-11]. The characteris-
tics of gastrointestinal symptoms in children and
adults after new coronavirus infection are pre-
sented in Table 1.

In the study of A.A. Karasev (2023) it is sta-
ted that the total frequency of disorders of intesti-
nal motor function (diarrhea/constipation) varies
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from 3.6 to 48%, abdominal pain of any localiza-
tion — from 9 to 32% [12].

In another domestic observation, 25% of chil-
dren complained of abdominal pain after COVID-19
infection [4].

In the work of A.V. Naletov et al. (2021) a pre-
dominance of diarrhea and abdominal pain in 76%
of the studied patients after infection was no-
ted [13].

One of the variants of gastrointestinal tract
(GIT) damage after coronavirus infection is irri-
table bowel syndrome (IBS) [14, 15]. Its frequen-
cy, studied in several studies, varied from 0.6 to
11.6% [14, 15]. Prognostic factors for the deve-
lopment of IBS in the post-COVID period are insuf-
ficiently studied. In one study it was shown that
in patients with acute gastrointestinal symptoms
during COVID-19 the probability of developing per-
sistent gastrointestinal symptoms is four times
higher than in patients without acute gastrointes-
tinal symptoms [16]. In three other studies [17-19]
the presence of gastrointestinal symptoms in the
acute phase was named a precursor of IBS, where-
as in other studies [20, 21] no correlation between
gastroenterological symptoms during illness and
symptoms in the post-COVID period was found. It
is considered that the pathogenesis of IBS in the
post-COVID period is mainly associated with dys-
function of the “gut-brain” axis [22, 23].

Currently, the role of prebiotics and probiotics
in the restoration of normal intestinal microbiota

Table 1. Characteristics of gastrointestinal symptoms in children and adults after a new coronavirus infection

(in absolute numbers)

Tabauua 1. XapaKTepucTnuka racTpOUHTECTUHAAbHbIX CUMMTOMOB Y AeTeN U B3POCAbIX NOCAE nepeHeceHHoﬁ HOBOW

KOPOHABUPYCHOM MHPEKUMK (B abc. umcaax)

KonnuectBo boau
UccnepoBaTtenm CrtpaHa lop 60AbHbIX TowHoTa | PBota | AMapesa | B XXuBoTe
Researchers Country Year Number Nausea Vomit | Diarrhea | Stomach
of patients ache
Obleaga et al. [7] PyMbIHUSA 2023 |21 21 4 21 21
(aetn / children) Romania
D. Noviello et al. [8] Utanusa 2021 164 - - - 16
(B3pocable / adults) Italy
J. Weng et al. [9] Kutan 2021 117 - 11 17 8
(B3pocAble / adults) China
Huang et al. [10] Kutan 2021 | 1655 - 80 80 -
(B3pocable / adults) China
Anaya et al. [11] Koaymbus 100 - 4 9 8
(B3pocable / adults) Colombia

The table was compiled by the authors

TabAuua cocTaBAeHa aBTopamMmu

CHILDREN’S MEDICINE of the North-West

2026 Tom 14 Ne1 171

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)




and reduction of the severity of both gastrointes-
tinal and respiratory symptoms in patients with
COVID-19 is actively being studied [24, 25]. Data
have been published on successful correction of
dysbiosis in patients infected with COVID-19, which
reveals the role of probiotics in the treatment of this
new coronavirus infection [26]. The intake of certain
prebiotics and probiotics may minimize gastrointes-
tinal symptoms of COVID-19 and the consequences
of antibiotic use, which aggravate these symptoms
[27, 28]. However, factors contributing to the pre-
vention of post-COVID gastrointestinal disorders in
children have not been studied.

AIM

Based on clinical-anamnestic, molecular-bio-
logical and immunological methods, to identify
the main predictors of absence of gastrointestinal
symptoms in the post-COVID period in children.

MATERIALS AND METHODS

The calculation of the main predictors of the
absence of gastrointestinal symptoms after coro-
navirus infection was based on the results of a
clinical post-registration open observational pro-
spective single-center study with minimal inter-
vention. It was approved by the local ethics com-
mittee of the Federal State Budgetary Educational
Institution of Higher Education “Saint Petersburg
State Pediatric Medical University” of the Minis-
try of Health of the Russian Federation. Children
with COVID-19 infection aged from 3 to 17 years
were included in the study. The diagnosis of the
new coronavirus infection and the severity of the
disease were established according to methodo-
logical recommendations [29].

The children were examined in dynamics: at
the beginning of the disease, after two weeks,
upon resolution of the main symptoms of COVID-19
infection, and four weeks after recovery. Data
collection was performed: complaints, medical
history, clinical status, presence of complica-
tions, routine laboratory data and C-reactive pro-
tein (CRP) testing, 16S microbiota sequencing,
stool zonulin testing, polymerase chain reaction
(PCR) of stool for SARS-CoV-2 virus, analysis of
prescribed medications, including antibacteri-
al therapy and synbiotic (a synbiotic containing
>1x10° CFU probiotic microorganisms, including
lactobacilli — 6.6x10% CFU, Lactobacillus acido-
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philus LA-14 — 1.11x108 CFU, Lactobacillus rham-
nosus GG — 1.11x108 CFU, Lactobacillus casei
LC-11 — 1.11x108 CFU, Lactobacillus paracasei
Lpc-37 — 1.11x108 CFU, Lactobacillus plantarum
Lp-115 — 1.11x108 CFU, Lactobacillus salivarius
Ls-33 — 1.11x108 CFU, including bifidobacteria —
3.3x108 CFU, Bifidobacterium longum BI-05 —
1.11x108 CFU, Bifidobacterium lactis BI-04 —
1.11x10® CFU, Bifidobacterium bifidum Bb-02/
lactis — 1.11x108 CFU and the prebiotic compo-
nent fructooligosaccharides — 0.538 g, hereinaf-
ter referred to as synbiotic at a dose of 1 capsule
per day, treatment course — 30 days).

SARS-CoV-2 virus identification by PCR and
16S microbiota sequencing were performed in
the laboratory “SERBALAB", Saint Petersburg
(head — geneticist V.V. Dudurich). 16S DNA
libraries were prepared in accordance with the
[llumina protocol “16S Metagenomic Sequencing
Library Preparation” (Part # 15044223 Rev. B).
5 ng of total DNA was used for amplification of
the target fragment of the 16S rRNA gene using
recommended primers for the V3 and V4 region.
25 PCR cycles were performed using KAPA HiFi
HotStart ReadyMix (2X) (Roche Diagnostics,
Switzerland). After purification of PCR products
using SPRI beads, 5 ng of obtained amplicons
were indexed using KAPA HiFi HotStart Ready-
Mix (2X) (Roche Diagnostics, Switzerland) and
Nextera XT Index Kit (lllumina, USA). 8 cycles
of index PCR were performed following the Illu-
mina protocol. Libraries were sequenced on an
[llumina MiSeq System. Stool zonulin testing was
performed by enzyme-linked immunosorbent
assay using the IDK Zonulin ELISA test system
(Immundiagnostik AG, Germany). The mean va-
lue of the indicator declared by the manufacturer
of the test system, according to examination of
40 practically healthy individuals, was 6146 ng/ml.
At values less than 83.15 ng/ml the result was
considered normal, at 83.15-110.0 ng/ml — as
increased concentration, more than 110 ng/ml —
as high concentration.

The patient database included more than
400 features characterizing general information,
clinical presentation, laboratory data, including
procalcitonin and CRP levels, presence of symp-
toms, including gastrointestinal symptoms and
their dynamics, disease severity, temperature
response, presence of complications and comor-
bidities, microbiota composition by genus and
species and diversity index, fecal zonulin level,
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presence of SARS-CoV-2 virus in stool, treatment
with antibiotics and synbiotic. All variable fea-
tures were assessed three times: at the beginning
of the disease, two weeks after their resolution,
and one month after recovery.

Analysis of all features was performed in
two patient groups. The first group consisted of
24 children who developed symptoms such as ab-
dominal pain and diarrhea one month after reco-
very. The duration of these symptoms within one
month did not allow diagnosis of IBS, therefore
we designated them as a group of children with
post-COVID gastrointestinal symptoms. The se-
cond group consisted of 23 patients without any
gastroenterological symptoms.

Checking the obtained data for compliance
with a normal distribution law was performed
using the Shapiro-Wilk test. If the data corre-
sponded to the Gauss-Laplace distribution, ty-
pical values were presented as mean and stan-
dard deviation; if not corresponding — as median
and first and third quartiles. Comparison of typi-
cal values between groups was performed using
Student’s t-test and Mann-Whitney test. The null
hypothesis was rejected at a significance level of
p <0.05. A 95% confidence interval was calculated
by Poisson distribution approximation via 2.

For determining predictors of absence of gas-
trointestinal symptoms after coronavirus infec-
tion using a neural network, a combined method
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of global optimization, random search, inertial and
genetic algorithms was used.

RESULTS AND DISCUSSION

Using a neural network, five features accompa-
nying the absence of post-COVID gastrointestinal
symptoms in children one month after recovery
from a novel coronavirus infection were identified.
The data are presented in Table 2.

The sensitivity of individual variables in the
neural network model was defined as the ratio of
neural network errors without the factor feature
of interest to the errors of the network with the
factor feature of interest. The higher the sensi-
tivity, the greater the importance of the studied
feature, and the lower the prediction error of
the neural network. The neural network sensiti-
vity was 95.0%, specificity — 87.5%, accuracy —
91.0%.

Thus, the data obtained using the neural net-
work indicate that the leading role in the deve-
lopment of gastrointestinal symptoms one month
after recovery from a novel coronavirus infection is
played by disturbances of the intestinal microbio-
ta, namely the detection of the phylum Actinobac-
teriota and the species Actinobacteria in stool by
16S sequencing.

The results of the study are consistent with seve-
ral studies in which significant groups of microor-

Table 2. Signs accompanying the absence of post-COVID gastrointestinal symptoms in children one month after

recovery from novel coronavirus infection

Tabanua 2. MNprUsHaKW, COMPOBOXAAIOLLME OTCYTCTBME MOCTKOBUAHbBIX FAaCTPOUHTECTUHAALHBIX CUMMTOMOB Yy AETEl
uyepes Mecsl, NoCAe BbI3AOPOBAEHUS OT HOBOW KOPOHABUPYCHOW MHOEKLMM

MpusHak
Sign

Panr
Rank

YyBCTBUTEABHOCTb
Sensitivity

POBaHUA Yepeld MecAL, NOCAE BbIBAOPOBAEHNA

after recovery

OTHOocuTeAbHanA AOAS Actinobacteriota meHee 0,24 B cTyae MeTOAOM 16S cekBeHu- 6,8 1

Relative proportion of Actinobacteriota less than 0.24 in stool by 16S sequencing one month

yepes MecHl, NoCAe BbISAOPOBAEHUA

Bua Actinobacteria meHee 0,1 B cTyae meToAOM 16S cekBeHMpPOBaAHMUA

Actinobacteria species less than 0.1 in the stool by 16S sequencing one month after recovery

1 KancyAa B CyTKM

NeueHune cMHO6MOTUKOM B TeueHne 30 AHEN B BO3pacCTHOM A03e 3,6 3

Treatment with a synbiotic for 30 days at an age-appropriate dosage of 1 capsule per day

HopmanbHbI ypOBEHb 30HYAUHA B CTyAE
Normal zonulin levels in the stool

2,3 4

OTcyTCcTBME NULLEBOW anAeprv B aHaMHese
No history of food allergies

1,8 5

The table was compiled by the authors
TabAuua cocTaBAeHa aBToOpamMmu
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ganisms acting as predictors of disease severity
in novel coronavirus infection were identified [30,
31]. In a study comparing the microbiome of pa-
tients with H1N1 virus and another group of pa-
tients with SARS-CoV-2 virus, five groups of micro-
organisms typical of the microbiota of COVID-19
patients were noted, including Actinobacteriota.
The obtained data confirm the necessity of synbi-
otic treatment for the prevention of gastrointesti-
nal disorders.

Recent studies have shown that food allergy in
the medical history and increased intestinal per-
meability are pathogenetically related [32]. The
influence of these features on the development of
gastrointestinal disorders is confirmed by a num-
ber of publications dedicated to functional disor-
ders of IBS [33, 34].

CONCLUSION

The main predictors of absence of gastrointesti-
nal symptoms in the post-COVID period in children
are: a relative proportion of Actinobacteriota less
than 0.24 in stool by 16S sequencing one month
after recovery, the presence of the species Acti-
nobacteria less than 0.1 in stool by 16S sequen-
cing one month after recovery, treatment with a
synbiotic containing >1x10° CFU probiotic micro-
organisms, including /actobacilli — 6.6x10% CFU,
Lactobacillus acidophilus LA-14 — 1.11x108 CFU,
Lactobacillus rhamnosus GG — 1.11x10% CFU, Lac-
tobacillus casei LC-11 — 1.11x108 CFU, Lactobacil-
lus paracasei Lpc-37 — 1.11x108 CFU, Lactobacillus
plantarum Lp-115 — 1.11x10® CFU, Lactobacillus
salivarius Ls-33 — 1.11x108 CFU, including bifido-
bacteria —3.3x108 CFU, Bifidobacterium longum
BI-05 — 1.11x108 CFU, Bifidobacterium lactis
BI-04 — 1.11x10® CFU, Bifidobacterium bifidum
Bb-02//actis — 1.11x108 CFU and the prebiotic com-
ponent fructooligosaccharides — 0.538 g, for 30 days
in age-appropriate dosage of 1 capsule per day, nor-
mal stool zonulin level, absence of food allergy in
medical history.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknapg aBTopoB. A.B. [lonyHuHa — Hanucaxue
TekcTa ctatbu; B.I1. HoBukoBa — aBTOp Maen un
cocTaBuTeNnb Au3aiiHa uccneposanus; C.J1. bau-
HOBa — COOp KJMHMYECKUX AaHHbiX; B.B. dyny-
pWUY — BbINONHEHWE FeHeTUYeCKUx uccrnepoBa-
Hui; A.E. BannoB — BbinonHeHune tectoB DA Ha
30HynuH; 0.H. BapnamoBa — co3panue 6uobaHka
maTtepuana; M.A. [loxoB — pacyeT nporHocTuye-
ckon mogenu; A.A. TuxomupoBa — opopmneHme
ctatbu; H.A. [leMeHTbeB — co3jaHue 6asbl gns
cTaTUCTUYecKoi obpaboTku; A.J1. banawos — pe-
JaKTUpPOBaHMe U BblYUTKA CTaTbMu.

Bce aBTOpbI Npounu U 0f06punu GuHanbHyo
BEpCuto nepeg nybnukaymei.

KoHnuKT nHTepecoB. ABTOpPbI AEKNapUpYHOT OT-
CYTCTBME IBHbIX U NOTEHLMANbHbIX KOHP/IMKTOB UHTE-
PECOB, CBSI3aHHbIX C Ny6/MKaLei HaCTOALLEN CTaTbi.

UHdopmupoBaHHoe cornacume Ha nybnuka-
uuio. ABTOpPbI NOJyYMNN NMUCbMEHHOe cornacue
3aKOHHbIX NpefcTaBUTENeN NaLMeHTOB Ha Myo6-
NUKALW0 MEAULUHCKUX faHHbIX.
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