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CHANGES IN INDICATORS OF ENDOGENOUS
INTOXICATION, NONSPECIFIC REACTIVITY, AND
INFLAMMATION CAUSED BY SARS-COV-2

Introduction: Despite the fact that the entire scientific world is
concerned about COVID-19, about 65 million people are living with
Long COVID, suffering from general weakness, fatigue, cognitive
dysfunction, and shortness of breath. This problem is global for
humanity because of the decrease in the ability to work and mental
activity of the population, which leads to economic losses. The problem
remains open and requires further research.

Materials and Methods: a total of 108 patients were examined and
divided into three groups: group A — 31 patients with confirmed
COVID-19, group B — 35 patients with Long COVID, and group C — 42
practically healthy individuals. Hematologic and nonspecific
immunologic changes were studied. Statistical data processing was
performed using STATA software by StataCorp (Texas, USA) with the
calculation of parametric and non-parametric criteria.

Results: middle-aged women predominated in the study groups.
Among the hematologic parameters, an increase in leukocytes,
erythrocytes, and ESR was observed in the COVID-19 group. Patients in
group A had 2.5 times more rods of neutrophils than in group B and 2.3
times more than in group C. In patients with COVID-19, integrative
indicators of endogenous intoxication exceeded the corresponding data
compared to the Long COVID group (p<0.05). In patients with Long
COVID, there was a tendency (p=0.055 — 0.588) to increased integrative
indicators of endogenous intoxication (the intoxication index was 2.6
times higher (p<0.05)) compared to the group of practically healthy
individuals. The indices of nonspecific reactivity in group A (resistance
coefficient, lymphocyte index, eosinophil to lymphocyte ratio index,
allergy index) and B (resistance coefficient, lymphocyte index) were
lower than in group C (p<0.05). In patients with COVID-19, indices of
inflammation activity (total inflammation index, Krebs index, leukocyte/
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ESR ratio index) were higher than in the group of practically healthy
individuals (p<0.05).

Conclusions: patients with COVID-19 are characterized by a
leftward shift of the leukocyte formula, increased integrative indicators
of endogenous intoxication, a pronounced inflammatory process, and
activation of tissue breakdown. For people with Long COVID, there is a
slight increase in integrative indicators of endogenous intoxication, with
a low degree of inflammation and increased nonspecific reactivity
compared to the COVID-19 group.

Key words: COVID-19, Long COVID, intoxication, inflammation,
immunology, hematological changes, health.
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3MIHA TIOKA3HHUKIB EHJOTI'EHHOI
HECHEIIU®IYHOI PEAKTHBHOICTI
CITPUYUHEHUX SARS-COV-2

IHTOKCUKAIIII,
TA 3ANAJIEHHS

AKTyaJbHiCTB: HE3BOXAIOYM Ha Te, LI0 BECh HAYKOBHH CBIT
crypboBanuii nmpodiemoro COVID-19, i3 Long COVID sxwuBe 6iu3bko 65
MJIH JIIOJIeH, SIKUX TypOyIOTh 3arajbHa CJIa0KiCTh, BTOMa, KOTHITHBHI
quchyHKUIT, 3aaumka. Jlana npobiaema € ri00anbHOI0 IS JIFOJICTBA Yepe3
3HIDKCHHS Tpane3aTHOCTi, pPO3YMOBOi aKTHBHOCTI HAaceJeHHs, LIO0
NPU3BOIUTH 0 CKOHOMIYHHX BTpaT. [IpobneMa 3amuInaeThCcs BiIKPHTOIO
Ta NOTpedy€e MOoNaNbIINX TOCIiIKEHb.

Marepianu Ta Metomm: Bchoro Oyio obOcrexkeHo 108 ocib Ta
MOZICHO Ha Tpu rpynd: rpyna A — 31 mamieHT i3 migrsepmpkeanm COVID-
19, rpyna B — 35 oci6 i3 3 Long COVID Ta rpyna C — 42 npakTHYHO 3710pOBi
ocobu. JlocmipKkyBanucs reMaroioriuHi Ta HecnenudidHi iMyHOJOTiYHI
3MiHd. CraTucTndHa o00poOKa JaHuX MpPOBOJMJIACS 32 JIONIOMOTOIO
nporpamHoro 3abesmeuennss STATA kommanii StataCorp (Texas, USA) i3
PO3paxyHKOM MapaMeTpUYHHUX Ta HEMapaMeTPHYHNUX KPUTEPIiB.

PesynbTaTH: y JOCHIUKYBaHMX TIpynax IepeBaKald IKiHKH
cepeHbOro Biky. Cepel TeMaTONOriYHHMX MOKa3HUKIB CIOCTEpiranocs
migBUIIeHHS NeiikonuTiB, eputpouwntiB, LIOE y rpymi 3 COVID-19. ¥
XBOPHUX TPyNH A MAIHYKOANCPHUX HEHTpodimiB Oyino y 2,5 pasu Oimbire
HiOK y B ta 'y 2,3 pasu Hix y C. Y mamienrtiB 3 COVID-19 inTerparusHi
MOKAa3HUKK EHIOICHHOI IHTOKCHKAIli MEePEBHUINyBAIX BIAMOBIAHI aHi
nopiBusiHO 3 rpymnoro Long COVID (p <0,05). B oci6 3 Long COVID
(p=0,055 - 0,588) mo

€HJIOTeHHOI  IHTOKCHUKALil

criocTepirajgacs — TCHICHINIS TTiIBUTIICHHS

IHTErpaTMBHUX  TOKa3HHKIB (ToKa3HUK
inToKcuKamii Oy BummMm y 2,6 pasu (p <0,05)) mopiBHSHO 3 TpYIOIO
MPaKTHYHO 3710poBHX 0cib. [Hnexcn HecnenudiyHOl peakTHBHOCTI y Tpymi
A (xoeoimieHT nimMponnTapHuit 1H/IEKC

CHIBBITHOIICHHS €03WHO(DIIIB B JiMQOIHMTIB, iHAEKC aneprizamii) Ta B

PE3UCTEHTHOCTI, 1H/IEKC,
(xoediuieHT pe3ncTeHTHOCTI, TiMpounTapHuil iHAEKC) OyIM HIKYAMH HiXK
y rpyni C (p <0,05). ¥ xBopux Ha COVID-19 iHzekcn akTUBHOCTI
3ananeHHss (CymMapHUH iHAEKC 3amaneHHs, iHaexkc KpeOca, iHgekc
coiBBigHOmeHHs JselkormTiB 1 IIOE) Oynm BumuMH HDK y rpymi
NPaKTHYHO 310poBHX 0cib (p <0,05).

BucnoBkm: s mamientiB 3 COVID-19 xapaktepHO 3MillleHHS

nefkoruTapHoi (GOpMyIH BJIiBO, MiJABHUINEHHS 1HTETPATUBHUX MMOKAa3HHKIB
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CHJ/IOTCHHOI 1HTOKCHKAIlii, BUPAXCHHUW 3alaJbHUN TPOIEC, AKTHBAILS

TKaHUHHOTO posmamy. st ocio 3 Long COVID - He3nauHe INiABHICHHS

IHTETPaTUBHUX TIOKa3HUKIB

€HJIOT€HHOI IHTOKCHKAIl, 3 HU3BKUM

CTYIICHEM 3allajJeHHs Ta IiJBHIICHHAM HeclenudigHoi peaKkTHBHOCTI
nopiBH:iAHO 3 Tpynoro COVID-109.
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INTRODUCTION / BCTYIT

The coronavirus infection (COVID-19) has become
a major challenge for society. According to the latest
data from the Ministry of Health of Ukraine, there are
5,557,995 infected people, of whom 112,418 have
died. The causative agent of this infection is SARS-
CoV-2, which can lead to both acute (COVID-19) and
chronic consequences (Long COVID) [1, 2].

Worldwide, about 65 million people suffer from
Long COVID (10 — 20 % of people with COVID-19),
living with a debilitating post-infectious multisystemic
condition, with symptoms of cognitive dysfunction and
general fatigue [3].

Severe COVID-19 induces excessive inflammation
caused by the innate immune system, involving
monocytes and macrophages. Monocytes produce a
significant amount of inflammatory cytokines during
SARS-CoV-2 infection. Studies have shown an
increased number of classical monocytes expressing
inflammatory genes in the blood and lungs of patients
with COVID-19. Activation of monocyte macrophages
contributes to the cytokine storm. Many patients
experience post-acute sequelae of the infection
(PASC) or Long COVID after initial recovery.
Symptoms of Long COVID include persistent fatigue,
shortness of breath, and more, lasting up to 12 weeks.
Elevated levels of inflammatory biomarkers indicate
persistent inflammation in various organs. This may be
related to the concept of “learned immunity,” when
immune cells show an increased response after
interacting with SARS-CoV-2 [4-6].

Long COVID can be caused by tissue damage
caused by virus-specific pathophysiological changes or
secondary to a pathological long-term inflammatory
response due to viral persistence, immune
dysregulation, and autoimmune reactions. Some risk
factors, such as gender, age, more than five early
symptoms, and specific biomarkers, have been
identified as likely predictors of Long COVID [7, 8].

Other parameters of severity in SARS-CoV-2
infection included: increased levels of
proinflammatory cytokines such as IL-6, high levels of

ferritin, increased D-dimers, increased CRP (C-
reactive protein), and decreased lymphocyte counts [9-
11].

Given the ambiguous data obtained by scientists,
the problem remains open and requires further
research.

Aim: to determine the dependence of changes in
hematological parameters and indices of nonspecific
reactivity, inflammation, and endogenous intoxication
on the period of illness in patients with COVID-19.

Materials and methods. A total of 108 people
were examined. Recruitment to the study was
conducted randomly among patients treated at the
Krasovitsky Medical Clinical Center for Infectious
Diseases and Dermatology. The main inclusion
criterion was a positive PCR result for SARS-CoV-2
or a rapid test for COVID-19. The comparison group
consisted of individuals who underwent a routine
medical examination at the University Clinic of Sumy
State University and had no confirmatory data on the
presence or history of COVID-19. This study was

conducted in accordance with the Declaration of
Helsinki. Before participating in this study, each
participant gave written informed consent for
inclusion.

The exclusion criteria for participation in the study
were: age under 18 and over 60, treatment in the
intensive care unit, diabetes mellitus, hepatitis, obesity
above grade 2 inclusive, autoimmune diseases known
to the patient at the time of the study (thyroid disease,
rheumatoid arthritis, glomerulonephritis, rheumatic
heart disease, psoriasis, etc.)

The subjects were divided into three groups: group
A - patients with confirmed COVID-19 at the time of
the study; group B - patients with Long COVID, group
C consisted of practically healthy individuals
(comparison group).

All subjects underwent a general blood test using
CobasMicros and Elite 3 analyzers, and general
integrative indicators were calculated: integral severity
index (ISI), entropy of leukocyte formula (Elph);
intoxication indices: leukocyte intoxication index
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(L), aggression index (laggr), hematological index of During the statistical processing of the data, the
intoxication (HII), leukocyte shift index (LSI), Pearson's test was used to compare qualitative
intoxication index (II), neutrophil reactive response indicators. Compliance with the normal distribution
(NRR); indices of nonspecific reactivity: resistance was checked using the Kolmogorov-Smirnov and
coefficient (RC), immunoreactivity index (IRI), Shapiro-Wilk criteria. The Mann-Whitney U-test was
neutrophil-monocyte ratio index (NMRI), lymphocyte- used as a non-parametric analysis method, Student's t-
monocyte ratio index (LMRI), lymphocyte index test for values that corresponded to the normal
(llimph), eosinophil-lymphocyte ratio index (ELRI), distribution, respectively. The criteria were recognized
allergy index (Al), nuclear index (NI) and as significantly significant at p < 0.05. The median
inflammatory activity indices: total inflammation (Me), 25th and 75th quartiles were used to describe
index (TII), Krebs index (KI), lymphocyte-granulocyte quantitative indicators.
index (LGI), index of leukocytes and ESR ratio (IL Results. In the study groups, there were 1.3 times
ESR) [1-3]. more women than men (56 % and 44 %, respectively).

Input data were collected, corrected, and The distribution in the groups by gender is as follows:
systematized using Microsoft Office Excel 2016 group A — 55 % of men and 45 % of women; B — 41 %
spreadsheets. Statistical data processing was carried and 59 9%, respectively; C — 40 % and 60 %,
out using the licensed STATA software by StataCorp respectively. There was no significant difference
(Texas, USA). between the groups by gender (p>0.05).

Group A GroupB Group C

a

N’ Ve

= men = women = men = women "men =women

Figure 1. Distribution in groups by gender (%)

The average age of patients was 41.44 (32.25 - lymphocytes and monocytes was the lowest in group A,
50.00) years. The age composition of the patients in the 1.2 and 1.7 times lower than in groups B and 1.2 and 1.5
groups did not differ: in group A the average age was times lower than in group C (p<0.05) (Table 1).

43.42 (34.00 - 52.00), in group B - 43.20 (34.00 - The erythrocyte sedimentation rate (ESR) was the
53.00), in group C - 38.52 (32.00 - 45.00) (p>0.05). highest in patients with COVID-19 (14.29 (5.00 -

Among the hematological parameters, a significant 24.00)), which is 1.6 times higher than in patients with
difference in the number of white blood cells (WBC) Long COVID (8.97 (5.00 - 11.00)) and 3.4 times higher
was found: the lowest was in group C (5.91 (4.95 - than in the group of practically healthy individuals (3.23
6.75)), the highest - in A (6.71 (5.04 - 8.13)) (p<0.05). (2.00 - 5.00)) (p<0.05) (Table 1).

The number of red blood cells (RBC) was 1.1 times Indicators of hemoglobin, platelets, and eosinophils
higher in group A (4.53 (4.13 - 4.96)) than in the in the blood did not differ between the study groups
comparison group (4.04 (3.84 - 4.23)) (p<0.05). (p>0.05).

The number of rods of neutrophils in group A (7.23 ISI had the highest values in patients with COVID-
(3.00 - 10.00)) was 2.5 times higher than in groups B 19, it was 6.5 % lower in patients with Long COVID
(2.86 (1.00 - 4.00)) and 2.3 times higher than in group C and 10.3 % lower in healthy people (p<0.05) (Table 2).
(3.14 (2.00 - 4.00)) (p<0.05). Segmented neutrophils in The Elph index was highest in group A (14.28 (9.12 -
group B were 1.1 times lower than in group A and 1.1 19.32)), which was 2.2 times higher than in group B and
times higher than in group C (p<0.05). The number of 1.4 times higher than in group C (Table 2).
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Table 1 — Changes in hematologic parameters in patients with COVID-19 and Long COVID

Group, Me (Q25-Q75)

Indicator p
A (n-31) B (n-35) C (n-42)
6,71 6,23 5,91 p1=0,003*; p2=0,002*;
9
WBC (1x10°/) (5,04-8,13) (5,30-7,10) (4,95-6,75) p3=0,887
4,53 4,65 4,04 p1=0,109; p2=0,001*;
12
RBC (1x10%/1) (4,13-4,96) (4,39-4,84) (3,84-4,23) p3=0,185
136,84 132,40 126,02 p1=0,863; p2=0,267;

Hemoglobin (g/l)

(131,00-144,00)

(127,00-140,00)

(117,75-136,00)

p3=0,358

Platelets (1x10%1)

214,84
(168,00-267,00)

256,69
(217,00-294,00)

238,40
(204,00-275,00)

p1=0,872; p2=0,095;
3=0,262

Neutrophils with a rod- 7,23 2,86 3,14 p1=0,000%; p2=0,000%*;
shaped nucleus (%) (3,00-10,00) (1,00-4,00) (2,00-4,00) p3=0,549
Segmented neutrophils 60,45 57,23 53,83 p1=0,001*; p2=0,065;
%) (50,00-67,00) (53,00-60,00) | (49,75-59,25) p3=0.029*
- 1,50 1,83 233 p1=0,116; p2=0,052;
0
Eosinophils (%) (1,00-2,00) (1,00-2,00) (1,00-4,00) 3=0,232
26,65 31,26 33,00 p1=0,000%; p2=0,001%;
0
Lymphocytes (%) (19,00--36,00) (28,00-34,00) | (28,75-37,00) 3=0,083
5,00 8,57 757 p1=0,002*; p2=0,000%;
0
Monocytes (%) (3,00-6,00) (5,00-8,00) (5,00-10,00) 3=0,152
14,29 8,97 4,17 p1=0,033%; p2=0,000%;
ESR (secs) (5,00-24,00) (5,00-11,00) (2,00-5,00 p3=0,000*

Notes: * - significant difference by Student/Mann-Whitney test (p<0.05); p1 (group A/group B), p2 (group A/group C), p3

(group B/group C)

In  patients with COVID-19, indicators of
endogenous intoxication (LII, laggr, HII, LSI, 1l, NRR)
exceeded the corresponding values by 3.8, 3.5, 4.5, 1.5,
8.2, 2.5 times compared with the group of patients with
Long COVID (p<0.05). In patients with Long COVID,
there was a tendency to increase endogenous
intoxication indicators (LII, Taggr, HII, LSI, NRR)
compared with the group of practically healthy people
(p=0.588, p=0.208, p=0.175, p=0.055, p=0.337), except
for 11, which was 2.6 times higher (p<0.05).

The indices of nonspecific reactivity RC and llimph
in group B were lower than in group C (1.1 times each)
(p<0.05), among the indices of IRl (p=0.539), LMRI
(p=0.425), ELRI (p=0.336), Al (p=0.125), and NI
(p=0.349) there was a tendency to decrease. In group A,
a decrease in nonspecific reactivity was evidenced by
RC and Illimph (1.2 times lower than in group B each),
ELRI (3 times lower than in group B and 3.5 times
lower than in group C), Al (1.5 times lower than in
group B and 1.8 times lower than in group C) (p<0.05).

The indices of NMRI and NI were higher in group A
compared to group B (2.1 and 2.6 times) and C (2.2
times each) (p<0.05). The indices of the IRI (p=0.210)
and the LMRI (p=0.141) tended to decrease in group A
compared with group B.

In patients with COVID-19, the indices of
inflammatory activity (TII, KI, IL ESR) were higher
than in the group of practically healthy individuals: TII -
by 1.4 times, KI - by 1.8 times, IL ESR - by 2.6 times
(p<0.05).

In patients with Long COVID - T1I (1.3-fold) and KI
(1.6-fold) were lower than in patients with COVID-19
(p<0.05), and there was a tendency (p=0.411) to
decrease IL ESR. Compared to a group of healthy
people, IL ESR was 2 times higher (p<0.05), TII and Kl
tended to increase (p=0.122, p=0.088). The LGI did not
correspond to the general trend and amounted to 5.12
(4.24 - 5.59), which is 1.2 times higher than in group A
and 1.1 times lower than in group C.
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Table 2 — Integrative indices of endogenous intoxication, nonspecific reactivity and inflammatory activity in

patients with COVID-19 and Long COVID

Group, Me (Q25-Q75)
Indicator p
A (n-31) B (n-35) C (n-42)
General integrative indicators

S| 15,29 14,29 13,70 p1=0,000%*; p2=0,000%;
(14,33-16,41) (13,75-14,55) (13,46-13,80) p3=0,000*

Eloh 14,28 6,50 10,37 p1=0,000%*; p2=0,014*;
P (9,12-19,32) (3,35-9,23) (5,63-14,24) p3=0,002*

[HmexcH eHaOreHHOT IHTOKCHUKALT

L 2,45 0,64 0,60 p1=0,000%*; p2=0,000%;
(1,23-3,75) (0,48-0,74) (0,35-0,80) p3=0,588

lacar 3,24 0,92 0,87 p1=0,000%; p2=0,000%*;
99 (1,67-5,50) (0,71-1,09) (0,52-1,11) 30,208

HII 3,08 0,67 0,57 p1=0,000%*; p2=0,000%*;
(1,11-4,90) (0,48-0,84) (0,32-0,74) p3=0,175

LS| 2,57 1,67 1,53 p1=0,012%*; p2=0,000%*;
(1,50-3,35) (1,44-1,94) (1,17-1,80) p3=0,055

" 3,04 0,37 0,14 p1=0,000%; p2=0,000%;
(0,35-4,55) (0,19-0,44) (0,58-0,21) p3=0,000*

NRR 20,31 7,98 6,51 p1=0,002%*; p2=0,000%;
(5,11-31,46) (3,54-11,20) (3,21-9,73) p3=0,337

Indices of nonspecific reactivity

RC 0,48 0,56 0,64 p1=0,000%*; p2=0,135;

(0,28-0,67) (0,47-0,63) (0,48-0,74) p3=0,017*
IRI 7,80 5,42 5,47 p1=0,210; p2=0,133;

(3,33-9,00) (4,25-6,20) (3,64-6,16) p3=0,539

NMRI 20,33 9,81 9,06 p1=0,001%*; p2=0,000%;
(8,83-25,67) (7,25-12,40) (5,50-11,70) p3=0,031*

LMRI 7,65 5,12 5,16 pl1=0,141; p2=0,071;

(3,33-9,00) (4,00-5,83) (3,29-5,66) p3=0,425

Himoh 0,43 0,53 0,60 p1=0,001%*; p2=0,174;
P (0,25-0,60) (0,44-0,59) (0,46-0,72) p3=0,027*

ELRI 0,02 0,06 0,07 p1=0,000%; p2=0,000%;
(0,00-0,03) (0,04-0,07) (0,03-0,10) p3=0,336

Al 0,60 0,90 1,05 p1=0,000%*; p2=0,000%*;
(0,36-0,75) (0,78-1,00) (0,83-1,31) p3=0,125

NI 0,13 0,05 0,06 p1=0,000%*; p2=0,000%*;
(0,05-0,18) (0,02-0,07) (0,04-0,08) p3=0,349

Indices of inflammatory activity

Il 9,02 6,87 6,63 p1=0,000%; p2=0,000%;
(7,08-10,29) (6,26-7,45) (6,12-7,04) p3=0,122

KI 3,25 1,99 1,83 p1=0,017%; p2=0,001%;
(1,68-4,00) (1,70-2,29) (1,40-2,17) p3=0,088

LGl 4,22 5,12 5,75 p1=0,000%; p2=0,101;
(2,50-5,81) (4,24-5,59) (4,45-6,88) p3=0,039*

IL ESR 3,64 2,78 1,42 p1=0,411; p2=0,000%;
(1,44-5,25) (1,45-3,41) (0,74-1,55) p3=0,000*

Notes: * - significant difference by Student/Mann-Whitney test (p<0.05); p1 (group A/group B), p2 (group A/group C), p3

(group B/group C)
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Discussion. The analysis of scientific studies
revealed the dependence of the occurrence of long-term
complications and the development of the clinical
picture of concomitant pathology in patients with
COVID-19 on the severity of the immune response and
the degree of endogenous intoxication [12].

Literature data are ambiguous regarding the gender
distribution of patients with COVID-19 and Long
COVID, which corresponds to the results of our study
[13, 14].

A slight increase in WBC in patients with COVID-
19, combined with an increased number of RBC,
indicates an inflammatory reaction and blood clotting,
which is consistent with the clinical picture of the
disease. An increase in the number of neutrophils, both
rods and segmented neutrophils, and a decrease in
lymphocytes and monocytes confirms the data from
previous studies on frequent bacterial complications
(but not identified at the time of enrollment) that join in
the form of infection mixtures. Elevated ESR confirms
the data on the involvement of acute-phase proteins in
inflammation (C-reactive protein, protein, alpha-1
haptoglobin, ceruloplasmin, fibrinogen,
immunoglobulins, antitrypsin, etc.), which in turn
increase the degree of RBC cell aggregation. Other links
in the pathogenesis of ESR elevation may include a
change in the acid-base state of the plasma to an
alkaline state, the degree of blood viscosity, plasma
ionic charge, lipids, the presence of anti-erythrocyte
antibodies, and anemia. The platelet count, which did
not change in the study groups, was maintained in
COVID-19 due to a relative increase, as was
hemoglobin (blood clotting) [15, 16].

CONCLUSIONS / BACHOBKH

1. Women aged 42 (32-50) years are more likely to
get COVID-19 and Long COVID.

2. COVID-19 is characterized by a leftward shift in
the leukocyte count, a tendency to bacterial
complications, and the involvement of the granulocyte
sprout in the process. Increased rates of endogenous
intoxication indicate a severe inflammatory process and

AUTHOR CONTRIBUTIONS / BKJIAJL ABTOPIB

The ISI, together with the Elph score, reflect the
severity of the disease and correlate with the clinical
picture. Abnormal humoral and cellular immune
responses, markers of systemic inflammation, such as
interleukin-6 and autoantibodies directed at cell
receptors, may be involved in the systemic
consequences of Long COVID and determine the
severity of the course.

A pronounced inflammatory process, activation of
tissue breakdown, and systemic immune response are
less pronounced in Long COVID compared to COVID-
19, due to a decrease in the number of cytokines such as
IL-6 and IL-1B, which play a key role in the
inflammatory process, with potential consequences for
tissue repair and exacerbation of autoimmune diseases.

The Il was more sensitive than the LIl because of
the use of ESR in its calculation, which made it possible
to confirm a significant difference in all groups. Further
clinical studies are needed to directly evaluate
inflammatory mediators and epigenetic changes in
hematopoietic progenitor cells and monocytes in
patients who have recovered from COVID-19.

On the contrary, indices of nonspecific reactivity
tend to decrease in Long COVID compared to COVID-
19 and the comparison group, which is associated with
the body's sensitization to persistent infection and
probably a reduced number of Trm cells, which under
normal conditions provide protection against infection
localized in tissues, primarily due to the limitation of
their migration capabilities. However, RC had the
opposite trend, due to the predominance of neutrophils
over leukocytes [17-19].

activation of tissue breakdown.

3. Patients with Long COVID are characterized by
a slight increase in endogenous intoxication, with a low
degree of inflammation compared to the group of
practically healthy individuals, an increase in
nonspecific reactivity compared to the COVID-19
group, which is associated with the circulation of
immune complexes.
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