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Llenb nccnepoBaHna — OLEHNUTL YPOBHM MMMYHO/IOTMYECKUX MapKepoB y nauueHToB, nepeHecnx COVID-19 n nmerowmx racTposHTepoiormye-
CKMe CUMMTOMbI B Pa3/inyHble Cpokn. MaTepuanbl u MeToAbl. Ha | 3Tane nposeAeHO peTpoCcneKTUBHOE UccaefoBaHue 785 MeaANLMHCKNX KapT nauym-
€HTOB, HaXOAMBLUMXCA Ha CTalMoHapHOM niedeHnm ¢ 05.2020 no 12.2020 r. ¢ gnarHo3om «Hoas kopoHaBupycHas nHekuna COVID-19» cpeaHero
1 TAXenoro TevyeHns. OCHOBHOM 3aayeii 6bi1a OLLeHKa KJIMHUYECKUX CUMIMTOMOB C pOKYCOM Ha BbiAB/IEHUE FaCTPOIHTEPONOTUYECKUX NPOABCHWIA
COVID-19. MNocne BLINUCKM U3 cTauMoHapa Yepes 3, 6 1 12 MecsLeB 6b110 NpoBegeHo TenlepOHHOE aHKETMPOBaHME C MPUMEHEHWEM CreLMasibHO pas-
paboTaHHOro OMpoCHWKa COTpYAHMKaMK Kadeapbl BHYTpeHHMX 6onesHeit PIEOY BO Balkupckuii rocyaapcTBeHHbIM MeAULIMHCKUN yHUBEpCUTeT
(BrMY) M3 P® ansi BbifBNIEHWS FaCTPOIHTEPO/IOTMYECKMX CUMITOMOB, @ TaK)Ke C UCMO/Ib30BaHUEM CTaHAAPTHOMO OMPOCHUKA OLLEHKM ey A04HO-
KnweyHbIx cumMnToMoB GSRS (Gastrointestinal Symptom Rating Scale — LLIKania OLeHKM ey A04HO-KMLEYHbIX CUMITOMOB) 1 BpUCTONBCKOM WKasbl
OLIEHKM Kana. B onpoce npuHsano y4actne 247 peCnoHAEHTOB, MOC/Ie Yero OHW 6blaM pasgesieHbl Ha 3 FpyMMbl MO KPUTEPUIO HAZIMYUSA U ANNTENIBHOCTY
CUMMNTOMOB CO CTOPOHbI e/lyJ04HO-KMLLIEYHOrO TpaKTa. 1 rpynna — nauueHTbl, C COXPaHAOLWMMUCA eNYyA04HO-KULLIEYHbIMM CUMNTOMaMM B NepUo,
oT 4 0 12 Hegenb (NpoAo/MKatowmincs cumnToMaTuyeckmii COVID) — 30 yenosek; 2 rpynna — NauueHTbl C A/IMTEbHOCTBIO XKeNyA0YHO-KMLIEYHbIX
cuMnToMoB 6onee 12 Hegesb (MOCTKOBUAHBIN cMHAPOM) — 75 yenosek. KoHTposibHYto rpynny (3 rpynna) coctasnam 151 nauueHT, nepe6onesiumii
COVID-19 6e3 pa3BuTHA NOCTKOBUAHOIO cMHApOMa. Ha |l 3Tane B Ka)kAol rpynne nayMeHToB 6blN UcCNeA0BaHbl CbIBOPOTOYHbIE KOHLLEHTpaLum
MUMMYHO/IOTUYECKUX MapKepoB (MHTepaeikuHbl (U1) 4, 6, 8, 18; peBMaTOMAHbIN $aKTOP, aHTUTENA K Ae30KCMPUEOHYKAenHOBOM KucnoTe (AHK)).
Pe3ynbTaTtbl. OTMeYaeTCA CTAaTUCTUYECKU 3HAUMMOE YBEIMYEHUE CpeHEro Bo3pacTa y naumenTos 1rpynnsi v 2 rpynnsi (p=0,02*10"1 p=0,01*10),
a TaKKe A/IMTeIbHOCTU FOCMMTaAn3aLmUm y 1-i rpynrbl NaLuMeHTOB B CPaBHEHUM C FPynmnoit KoHTpoas (p=0,04). XeHwwHbl npeobnaganm Kak 8 1-i
(p=0,01), Tak v Bo 2-1 rpynnax (p=0,002). Cpoku aMb6yNaTOPHOrO IeYeHMA 40 rOCNUTAIM3ALMM COCTABWU/IN B cpeaHeM 8,1 aHeit. B o6eunx rpynnax na-
LIMEHTOB OTMEYa/IMCb CTAaTUCTUYECKU 3HAYMMOe MoBbileHKe ypoBHs WJ/1-18 (p=0,095; p=0,88*10°), B rpynne 2 BbisIBNEHO MOBbILIEHWE YPOBHA PeEB-
MaTougHoro paktopa (p=0,044) B cpaBHeHMM C rPYNMoi KOHTPOASA. BbIAABNIEHO TaKXKe CTAaTUCTUYECKM 3HAYMMOe MoBblleHne yposHeit M1J1-6 B 06eunx
nccneyeMbix rpymnnax OTHOCUTE/IbHO Fpynnbl KOHTposA (p=0,020; p=0,000017), Npu 3TOM CpeAHMe 3HaYeHU HaXOAUIUCh B NpeAesax pedepeHT-
HbIX MHTepBasioB. BbiBogbl. TakuM obpa3oM, nauymeHTbl, nepeHecwne COVID-19 cpeAHETMIKENOrO U TAXKENOro TeYEHUs, MOABEPKEHbI Pa3BUTUIO
MOCTKOBUAHOIO CUHAPOMA, B TOM YMC/IE, C FAaCTPOIHTEPO/IONMYECKMMMU NPOABIEHNAMN. BriepBble BbifBEH MOBbIWEHHbIV YpoBeHb M/1-18 y aaHHOM
KaTeropum NaLMeHToB, YTO MOXET C/TYXMTb KaK AVarHoCTU4YeCKMM 61oMapKepoM, TaK U MOTeHLMaNbHON MULLEHbIO TapreTHOM Tepanuu.
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Abstract

Materials and Methods. A retrospective study of 785 medical records of patients hospitalized between 05.2020 and 12.2020 with a diagnosis of
moderate to severe new coronavirus COVID-19 infection was performed in phase I. The study was conducted. The primary objective was to evaluate
clinical symptoms with a focus on detecting gastroenterologic manifestations of COVID-19. After discharge from the Covid hospital in 3, 6 and
12 months, a telephone questionnaire was conducted using a specially developed questionnaire by the staff of the Department of Internal Medicine
of the FSBEU VO BSMU of the Ministry of Health of the Russian Federation to identify gastroenterological symptoms, as well as using the standard
questionnaire for the assessment of gastrointestinal symptoms GSRS (Gastrointestinal Symptom Rating Scale) and the Bristol Stool Assessment
Scale. 247 respondents took part in the survey, after which they were divided into 3 groups according to the criterion of presence and duration of
gastrointestinal symptoms. Group 1 — patients with persisting gastrointestinal symptoms in the period from 4 to 12 weeks (ongoing symptomatic
COVID) — 30 people; Group 2 — patients with duration of gastrointestinal symptoms more than 12 weeks (post-COVID syndrome) — 75 people.
The control group (group 3) consisted of 151 patients who had survived COVID-19 without the development of postcoviral syndrome. At stage II,
serum concentrations of immunologic markers (interleukins 4, 6, 8, 18; rheumatoid factor, antibodies to DNA,) were studied in each group of patients.
Results. There was a statistically significant increase in the mean age in group 1 and group 2 patients (p=0.02*10-4 and p=0.01%10-9), as well as
in the duration of hospitalization in group 1 patients compared to the control group (p=0.04). Women predominated in both groups 1 (p=0.01)
and 2 (p=0.002). The time of outpatient treatment before hospitalization averaged 8.1 days. In both groups of patients there was a statistically
significant increase in IL-18 level (p=0,095; p=0,88*10-9), in group 2 there was an increase in rheumatoid factor level (p=0,044) in comparison with
the control group. A statistically significant increase in IL-6 levels was also revealed in both studied groups in comparison with the control group
(p=0,020; p=0,000017), while the mean values were within the reference intervals. Conclusions. Thus, patients who have had moderate to severe
COVID-19 are susceptible to the development of post-Covid syndrome, including gastroenterological manifestations. For the first time, an elevated
level of IL-18 was detected in this category of patients, which can serve as both a diagnostic marker and a potential target for targeted therapy.
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Introduction appetite, heartburn and constipations [3], and the major-

The World Health Organisation (WHO) has officially
announced the end of the coronavirus infection 2019
(COVID-19) pandemic; however, currently there are
still a lot of open questions about the health condition of
patients who had acute COVID-19. Up to a half of patients
still have symptoms, which they had not had before the
novel coronavirus infection, and symptoms can last for
a long period of time after the infectious process resolu-
tion. According to the recommendations of the National
Institute for Health and Care Excellence (NICE), ongo-
ing (symptomatic) COVID is diagnosed in the presence
of symptoms 4 to 12 weeks after disease onset; post-
COVID syndrome (long COVID) is diagnosed if symp-
toms persist for over 12 weeks [1]. According to the defi-
nition by the WHO, the term “post-COVID syndrome”
is used to define a totality of various long-lasting symp-
toms in some individuals after past COVID-19; usually,
they are diagnosed by a healthcare professional at least
3 months after disease onset [2]. GIT clinical symptoms
of COVID-19 include nausea, abdominal pain, loss of

ity of initial symptoms resolve in 3-6 months. However,
according to a multicentre, retrospective study conduced
in New York (2021), 20.5 % of subjects with long COVID
had persistent diarrhoea, while 13.7 % of patients with
long COVID experienced loss of appetite even 7 months
after infection [4, 5]. A number of studies demon-
strated that both mild and severe COVID-19 can result
in a hyperinflammatory reaction, which manifests with
higher levels of multiple cytokines, including interleu-
kin-6 (IL-6), IL-8 and tumour necrosis factor (TNF-a)
[6, 7]. Nevertheless, the data on changes in the cytokine
regulation system are fragmented and relate mainly to
the acute stage of disease. Developing knowledge in this
area will ensure better understanding of the pathogenesis
of post-COVID syndrome in order to develop preven-
tion and therapy methods.

Objective: To assess levels of immunological markers
in post-COVID-19 patients who had GIT symptoms at a
various stage of the disease.
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Materials and Methods

The COVID Hospital of the Clinics at the Bashkir
State Medical University hosted a retrospective study
of medical records of 785 patients who were undergo-
ing inpatient treatment for moderate and severe novel
coronavirus infection COVID-19 from May 2020 till
December 2020. The mean age was 59 years old, includ-
ing 571 (72.3 %) patients with moderate and 214 patients
(27.2 %) with severe disease. In order to confirm COVID-
19, all patients had an oropharynx+nasopharynx swab
for SARS-CoV-2 by real-time polymerase chain reaction
(PCR) (Intifica SARS-CoV-2 kit, Alkor Bio LLC, Russia).
On the average, patients were hospitalised on day 7 after
first symptoms. 341 subjects (43 %) were males. The most
common comorbidities before COVID-19 infection
were hypertensive disease (40 %), ischemic heart disease
(17 %), and diabetes mellitus (types 1 and 2) (17 %). The
main characteristics of subjects are presented in Table 1.

The study was conducted in two stages. At stage I,
electronic medical records were analysed to assess clini-
cal symptoms, mostly to identify GIT signs of COVID-
19. During inpatient treatment, all patients had standard
laboratory and instrumental tests, included in the Global
Clinical Recommendations for Prevention, Diagno-
sis and Treatment of the Novel Coronavirus Infection,
Version 1 (January 29, 2020). Laboratory tests included
complete blood count (CBC); biochemical blood assay
(BBA)(creatinine, urea, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), bilirubin, elec-
trolytes, albumin); C-reactive protein (CRP); polymerase
chain reaction (PCR) tests for SARS-CoV-2 (severe
acute respiratory syndrome-related coronavirus 2, for-
merly 2019-nCoV) — enveloped virus single-strand
(+#) RNA virus. Instrumental examinations included
lung computer tomography (CT), electrocardiogra-
phy (ECG). Also, biological materials were sampled
(an informed voluntary consent form was signed for
research and biological material sampling); a biobank
for biological material storage at -80° C was created;
and a database was registered (Database Registration
Certificate No. 2021620499 dated March 16, 2021).
3, 6 and 12 months after acute COVID-19 infection, a
phone survey was conducted in accordance with a dedi-
cated questionnaire developed by the staft of the Chair of
Internal Diseases at the Bashkir State Medical University

Table 1. Characteristics of the total sample

of the Ministry of Health of Russia, and also using a vali-
dated Russian version of the Gastrointestinal Symptom
Rating Scale (GSRS) and the Bristol Stool Form Scale. The
original questionnaire and the validated version of GSRS
were used to find out common complaints and specific
chronic or acute symptoms, which are typical for GIT
involvement. The survey included 247 respondents, who
were divided into study groups: group 1 — patients with
GIT symptoms of COVID-19 persisting 4 to 12 weeks
(current symptoms of COVID), 30 subjects; group 2 —
patients with GIT symptoms lasting over 12 weeks (post-
COVID syndrome), 75 subjects; group 3 — controls, no
GIT symptoms, 151 subjects (stage I).

The main objective of stage II was to identify patients
with genuinely GIT symptoms, since initially formed
groups (stage I) had both current GIT symptoms and
other symptoms (joint pain, shortness of breath, etc.);
therefore, patients only with persistent GIT symptoms
(gastroenterological monosyndrome) were selected for
the study of immunological markers (measurement
of interleukins (IL) 4, 6, 8, 18, rheumatoid factor (RF),
anti-DNA antibodies). Immunological markers were
measured by enzyme-linked immunosorbent assay
(ELISA) using human blood sample using Vektor-Best
reagent kit (Vektor-Best JSC, Novosibirsk, Russia) in
order to determine IL-4 levels (sensitivity: 0.4 pg/mL,
measurement range: 0-100 pg/mL (reference values:
0.00-4.00)), IL-6 (sensitivity: 0.5 pg/mL, measurement
range: 0-300 pg/mL (reference values: 0.00-10.00)),
IL-8 (sensitivity: 2.0 pg/mL, measurement range:
0-250 pg/mL (reference values: 0.00-12.00); IL-18 (sen-
sitivity: 2.0 pg/mL, measurement range: 0-1,000 pg/mL
(reference values: 0.00-260.00); RF (reference values:
0.00-10.00); and anti-DNA antibodies (reference values:
0.00-20.00). Tests and assessments were conducted at
the unit of clinical laboratory diagnostics of the Clinics
at the Bashkir State Medical University.

As a result, 20 patients from group 1 and 38 patients
from group 2 were included in stage II; 30 patients were
controls. Inclusion criteria for stage II of the study were:
male and female patients aged 18 to 80 years old; persist-
ing GIT symptoms lasting 4 to 12 weeks and 12 and over
weeks after acute COVID-19 infection without any other
signs of post-COVID syndrome (shortness of breath,
joint pain, fever, etc.). Non-inclusion criteria for stage II
were: age of over 80 years old; patients with a history

Options

General sample

N=785
Age, years, Me [IQR] 59 [49; 67]
Hospitalization, days, Me [IQR] 11 [9; 14]
Time from the onset of symptoms to hospitalization, days, Me [IQR] 7 (65 10]
Men, N (%) 3341(43)

Note: N — Total quantity; Me [IQR] (Me is the median, IQR is the first and third quartiles).
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Figure 1. Study design

Note: Rheumatoid factor (RF), immunoglobulin G (IgG), antibodies (AT) IgG, interleukin (IL)

of GIT diseases before acute COVID-19; patients with
other persistent symptomatic and post-COVID mani-
festations (shortness of breath, joint pain, fever, etc.);
a history of/suspected malignancy in any location, any
immunodeficiency; pregnancy, breastfeeding, a history
of mental disorders; refusal from taking part in the study.

A schematic representation of the study is presented
in Figure 1.

An informed consent form for the use of medical data
for research purposes was signed both during inpatient
treatment and, later, for the phone survey. The study was
approved by the Local Ethics Committee at the Bashkir
State Medical University (Minutes No. 4 dated April 21,
2021).

Statistical data processing was performed using
Microsoft Excel 2010, Statistica 12.0. The normal-
ity of parameter distribution was assessed using Kol-
mogorov-Smirnov test. Depending on the normality of

distribution, data are presented as median with quartiles
and mean values with standard deviations. Intergroup
pair-wise comparison of two independent samples was
performed using Student t-test (for normal distribution)
and Mann-Whitney U test (for distribution other than
normal); statistically significant level was at p < 0.05. For
qualitative data, 2x2 cross tables were used with Yates
corrected x2, if the frequency in at least one cell of the
table was equal or less than 5. The degree of associations
was assessed with the help of odds ratio (OR).

Results

Complaints of GIT problems, including abnormal
bowel patterns and abdominal pain, were recorded
in 11 % and 8 % of cases, respectively; the duration of
symptoms was 4 [3; 4] and 2 [1; 2] weeks. The results are
presented in Table 2.

Table 2. Analysis of symptoms in patients who have had COVID-19

Symptoms N % Dur:/[tei:([)llg;:]eeks
Weight loss (kg) 33 13 7 [5; 10]
Loss of smell 27 11 4 [4512]
Weight gain (kg) 27 11 7 [5; 10]
Abnormal stool (constipation/diarrhea) 27 11 4[3;4]
Loss of taste 22 9 1[1;2]
Stomach ache 21 8 2(152]
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Table 3. Results of a comparative analysis of clinical and anamnestic characteristics in the study groups at stage 11

. Group 1 Group 2 Control group
Options N=20 N=38 N=30
59,2+7,8* 56,2+6,5**
+
Age, years p=0,02x10* p=0,01x10° 55,8 £5,4
Hospitalization, days 15,5+4,2*
+ +
(Me+SD) p=0,04 14+4,6 11,1+2,1
Time from the onset of symptoms to hospitalization, days 7 [5: 9] 7 (65 10] 6[5:8]
Me [IQR]
1(5)* 6 (15,7)**
0y
Men, N (%) p=0,01 p=0,04 12 (40)
Women, N (%) 19(95) 32 (84,3) 18 (60)

Note: N — Total quantity; p — statistical significance; Me+SD — mean + standard deviation; Me [IQR] (Me is the median, IQR is the first and third quartiles).

* Comparison of group 1 with the control group
** Comparison of group 2 with the control group

Table 4. Analysis of the intensity of gastroenterological syndromes in the formed groups 12 months after acute

COVID-19 infection

Intensity, points
Me [IQR]
Syndromes
Group 1 Group 2
N=30 N=75
Dyspeptic syndrome 5 [5; 6] 5 [4; 6]
Reflux syndrome 5(5;7] 5 [456]
Abdominal pain syndrome 6 [5,5; 6] 5 [4; 5]
Constipation syndrome 6[657] 6 [457]
Diarrheal syndrome 5 [5; 6] 7 [557]
Note: N — Total quantity; Me [IQR] (Me is the median, IQR is the first and third quartiles).
Table 5. Results of comparative analysis of immunological markers
. Group 1 Group 2 Control group
Options Reference values N=20 N=38 N=30
14,81 17,71; ‘
1}\1/[1: [gialQ;/ ml 0,00-10,00 [13,63;20,59]* [13,39;21,21]** . 16?1’.914;’ 3
; p=0,067 p=0,044 PES
3,43; 2,24; 3,181;
RF IgM, IU/ml 0,00-14,00 [1,45;13,01] [1,32;4,36] [1,78;4,11]
3,16; 3,98; 2,881;
AT (IgG) to double-stranded DNA IU/ml 0,00-20,00 [1,89:9,54] (1,54:7,24] [1,45:5.12]
. 2,88; 3,86; 3,885;
AT (IgG) to single-stranded DNA, IU/ml 0,00-20,00 (2.46:4,61] [2,54:5,02] [1,98:5,52]
3,86; 4,02; 0.96:
IL-6, pg/ml 0,00-10,00 [2,27:4,29]* [3,32;4,2]** 0 o ’16]
p=0,020 p=0,00017 7
0,16; 0,32; 0,41;
IL-8, pg/ml 0,00-12,00 [0,0151,37] [0,01;1,78] [0,0151,78]
0,48; 0,48; 0,20;
L4, | 00-4, ,48; ,48; ,20;
pg/m 0,00-4,00 [0,01;0,6] [0,01;0,82] [0,01;1,14]
394,74%; 378,32%; 121.16:
1L-18, pg/ml 0,00-260,00 [192,62;505,39] 351,2;513,96] [88:210,56]
p=0,095 p=0,88x10" e

Note: M[Ql; Q3] — median, first and third quartiles; N — Total Rheumatoid factor (RF), immunoglobulin G (IgG), antibodies (AT) IgG, interleukin (IL), deoxyribonucleic acid (DNA),

international unit per milliliter (TU/ml), picogram per milliliter (pg/ml)

* Comparison of group 1 with the control group
** Comparison of group 2 with the control group
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Statistically significant increase in the mean age
of patients in group 1 and group 2 (p = 0.02*10* and
p = 0.01*10?), as well as duration of hospitalisation in
group 1 vs controls (p = 0.04) were recorded. Females pre-
vailed both in group 1 (p = 0.01) and group 2 (p = 0.04).
Before hospital admission, outpatient treatment lasted
on the average for 7 days. A comparative analysis of the
study groups at stage II is presented in Table 3.

During the survey 12 months after acute COVID-
19 infection, patients who had GIT symptoms, under-
went an additional assessment of the nature and severity
of complaints using the GSRS scale. The most common
symptoms were heartburn (24 %), pain and discom-
fort in the upper section of abdomen (20 %), bloating
(15 %), constipations (14 %), abdominal murmur (13 %),
burping and bloating (9 %), hard stool (7 %); acid reflux
(5 %), nausea and liquid stool (4 %). Also, the groups
were assessed for the severity of GIT syndromes. The
results are presented in Table 4.

Evaluation of the results of immunological biomarker
assessment in group 1 and group 2 showed a statistically
significant increase in serum IL-18 concentrations vs
controls (p = 0.095 and p = 0.88x10°), respectively.

IL-18 levels were higher than the reference values
in 8 patients (72 %) from group 1 (p = 0.019) and in
15 patients (88 %) from group 2 (p = 0.014).

It is important to note a higher serum IL-6 concen-
trations in the study groups (p = 0.020; p = 0.000017) vs
controls, although they are within the reference range.

Total RF  concentrations were statistically
higher in group 2 patients (p = 0.044) vs controls.
In group 1 patients vs controls, total RF levels demon-
strated a trend (p = 0.067). The summary data on the
comparative analysis of biological markers is presented
in Table 5.

17 patients out of 20 in group 1 had higher rheu-
matoid factor values vs reference values (p = 0.008;
OR = 7.41 (95 % CI 1.78-30.77), in group 2 patients —
32 patients out of 38 (p = 0.001; OR = 6.97 (95 % CI
2.24-21.63) vs controls.

Discussion

The study conducted in San-Paolo (Milan, Italy) in
377 patients has proven that over a half of individuals
who had acute COVID-19 reported persistent symp-
toms for a certain period of time. Symptoms can last for
6-7 months and longer. In a multifactor analysis, female
sex and elderly age were predictors of long COVID
(OR = 3.3 and OR = 1.03, respectively), correlating
with our results [8]. According to a systematic review
and a meta-analysis by Choudhury A. et al. (2022),
GIT symptoms of a past acute COVID-19 infection
include abdominal pain (2.7 %), nausea and vomiting
(4.6-10.3 %), diarrhoea (7.4-13.2 %) [9]. In this study,
abdominal pain was recorded more frequently (8 %);
the frequency of bowel disorders was comparable (11 %)

with that of earlier studies. A majority of initial symp-
toms (abdominal pain, nausea, vomiting and diarrhoea)
resolve in 3-6 months (in 90.5 % and 89.4 % of cases,
respectively) [4]. In this study, complaints persisted for
5.17 £ 4.94 and 2.61 + 2.34 weeks, respectively.

According to literature, patients with post-COVID
symptoms had higher IL-6, SRP and TNF-a levels; and
a higher IL-6 value was higher in all patients during
7 months after discharge from the hospital [10], corre-
lating with our results. Also, we have found out higher
rheumatoid factor values in patients with GIT symp-
toms of post-COVID syndrome. According to literature,
higher levels of this biomarker were observed in patients
with coronavirus infection both during the acute phase
and for some time after the infectious process had
resolved [11]. At the same time, the importance of RF
assessment requires additional evaluation, since there is
positive cross-reaction between rheumatoid factors and
antibodies to Sars-Cov-2 virus [12].

According to Satis H. et al. (2021) [13], in patients
with COVID-19, IL-18 levels correlated with IL-6 con-
centration, while baseline IL-18 values were a prognostic
marker of severe disease. However, available literature
does not contain any data on IL-18 levels in patients
during various periods after COVID-19. In this study,
evaluation of immunological biomarker assessment
in group 1 and group 2 showed a statistically signifi-
cant increase in serum IL-18 concentrations vs controls
(p = 0.095 and p = 0.88x10-9), respectively. IL-18 levels
were higher than the reference values in 8 patients (72 %)
from group 1 (p = 0.019) and in 15 patients (88 %) from
group 2 (p = 0.014).

Therefore, our results make it possible to better
understand the immunopathogenesis of post-COVID
syndrome; patients after the novel coronavirus infection
had higher delayed IL-18 levels. Measurement of this
biomarker is justified in this category of patients (inven-
tion patent No. 2807947. Method of Forecasting GIT
Symptoms in Post-COVID Syndrome Using Immuno-
logical Markers) [14].

Conclusions

Therefore, patients who had moderate and severe
COVID-19, are susceptible to post-COVID syndrome,
including GIT manifestations. A higher IL-18 level
in this category of patients has been identified for the
first time; therefore, it can be used both as a diagnostic
marker and a potential target in target therapy.
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