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Clinical and immunological characteristics of COVID-19
in patients with disease dynamics
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Abstract

Aim - to study the clinical and immunological indicators of COVID-19
convalescents 1 and 3 months after the disease in dynamics with the
determination of predictors of the development of changes in the lungs.
Material and methods. The object of the study was 35 patients aged 22 to 75
years in the dynamics of COVID-19 disease, divided into two groups according
to the identified clinical and immunological disorders. Markers of cellular (CD-
3, CD-4, CD-8, CD-19) and humoral immunity, cytokines (IL-6,8, TGF-B,
TNF-a), CEC were determined in all examined patients. Statistical processing
of the obtained results was carried out using the Statistica 10.0 software suite.
Results. It was found that all the subjects retained clinical and immunological
changes during the entire follow-up period, which indicates an ongoing
disease. At the same time, significant differences in the severity of changes
in individuals were revealed, taking into account age and the presence of
chronic somatic pathology, expressed primarily in violation of the parameters
of the T-system of immunity. In patients with the development of post-Covid

changes in the lungs, characteristic immunological features were revealed,
taking into account age.

Conclusions. A violation of the identified indicators of the immune system
may indicate the persistence of the virus, which means a prolongation of a
specific inflammatory response with the risk of extensive tissue damage. The
tendency towards the formation of humoral immunity persists in both groups
within three months after recovery. Humoral immunity was formed by the
end of 1 month after the disease in both groups and continued to persist
throughout the entire follow-up period. In the risk group for the development
of pneumofibrosis in the outcome of a new coronavirus infection, the
combination of IL-8 and TGF-p is the most optimal, despite their significant
decrease in dynamics compared with the acute period.
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COVID-19, catamnesis.
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KnuHuko-nmMmyHonorunyeckana xapakrepucrtuka COVID-19
y NauMeHToOB B AMHaMUKe 3aboneBaHus

S.A. CachpoHoBa, M.A. YapkuHa, A.C. NaHbkoB
OpeHb6yprckuii rocyaapcTBeHHbIM MeanumHekuin yHusepeuteT (OpeHnbypr, Poccuiickas ®epnepaums)

AHHOTauus

Iesb — M3y4KUTh KITHHUKO-MIMMYHOJIOTHYeCKYe [T0Ka3aTeNll peKOHBaJIeCIieH-
ToB COVID-19 4epe3 ofuH U Tpu MecsiIa Mociie epeHeceHHoro 3a60J1eBaHus
C OlIpefieJIeHHeM TIPeUKTOPOB Pa3BUTHsI U3MEeHeHH B JIETKUX.

Marepuai u MeTonbl. OGbeKTOM UCCIIeJOBaHUS ObIIM 35 MAllMeHTOB B BO3-
pacre ot 22 jio 75 net B fuHamuKe 3abosesanuss COVID-19, pasnenenHsle
Ha JiBe TPYIIB B COOTBETCTBHH C BBISBIEHHBIMY KIIMHUKO-UMMYHOJIOTHYe-
CKMMH HapylLIeHUsMH. Y BCeX 00C/IeI0BaHHBIX ObIIM ONpe[iesieHbl MapKephbl
kieroudoro (CD-3, CD-4, CD-8, CD-19) u ryMopanbHOr0 UMMYHHTETOB,
mutokunsl (IL-6,8, TGF-B, TNF-a), [IMK. CraTrctuyeckas obpaboTka 1o-
JIy9eHHBIX pe3yJbTaToB OblIa IIPOBeJieHa C UCIIOIb30BaHUEM KOMITbIOTePHOM
nporpammel Statistica 10.0.

Pesynbrarsl. Bbuto ycTaHOBIIEHO, YTO y BCeX 06CIelyeMbIX COXPAHSIOTCS
KIIMHHKO-UMMYHOJIOTHYeCKUe U3MeHeHHs B TedeHHe BCero Ilepruozia Haburoze-
HMSI, 9TO CBUJIETENIbCTBYET O IPofoiDKatoieMcs 3abosnesanuu. [1py 3ToM BeI-
SIBJIEHBI CyIIIeCTBeHHBIE OTIIYHMS BHIDOKEHHOCTH U3MEHeHUH Y JIUII C yIeTOM
BO3pACTa ¥ HaJIMYMS XPOHNIECKOM COMaTUIEeCKOM ITaTOJIOTHH, BHIPAXKAIOIII-
ecst B TIePBYIO OYepe/ib B HapyILIeHHX [1apaMeTpoB T-CHCTeMbl IMMYHHTETA.
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Y marnueHToB ¢ pa3BUTHEM MOCTKOBUIHBIX U3MEHEHHUH B JIETKUX BBISBIIEHBI
XapaKTepHble IMMYHOJIOTHYeCcKre 0COOEHHOCTH C y4eToM BO3pacTa.
BriBoasl. HapyieHye BBISIBIIEHHBIX IIOKa3aTeslell IMMYHHOW CHCTEMBI MO-
5KEeT CBUZIETeJIbCTBOBATh O MePCHUCTEHIIMY BUPYCa, a 3HAYMT, O MTPOJIOHTalluK
crerdruuecKoro BOCIalIMTeIbHOIO OTBeTa C PUCKOM OBIIMPHOTO IIOBpeXK/ie-
HUS TKaHU. B TeueHMe Tpex MecsLeB IIOCIIe BBI3ZIOPOBIIEHNUS B 06EUX IPyIl-
1aX COXPaHsUIaCh TEHJEHIMs K pOPMHUPOBAHUIO I'yMOPAJIbHOIO UMMYHHUTETA.
I'ymopanbHbIi MIMMYHHUTET CHOPMUPOBAJICS K KOHILy IIepBOro Mecsiiia 1oce
repeHeceHHOro 3a001eBaHks B 00eUX TPYIIaxX U COXPaHWICS B TEYeHHe BCero
nepuofia HabironeHus. B rpymrie prcka pa3Butus mHeBMopHrOpo3a B UCXozie
HOBOW KOPOHABUPYCHOM MHeKIIMK HarboJlee ONITUMAJIbHBIM SIBIISIETCS Coue-
tanve IL-8 u TGF-f, HecMOTps Ha TOCTOBEPHOE YMeHbIIIeHHe UX B IHHAMHUKe
10 CPABHEHHUIO C OCTPBIM [1EPHOJIOM.

KiroueBble c10Ba: KJIeTOYHBIM HIMMYHHUTET, 'YMOPAIbHBINA UMMYHHUTET, pe-
kouBastecteHTsl COVID-19, karamues.

KoHQnuKT HHTepecoB: He 3asiBJIeH.

www.innoscience.ru
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m INTRODUCTION
D espite the fact that in May 2023, WHO declared the end
of the COVID-19 pandemic, data on the persistence
of symptoms in convalescents that significantly reduce the
quality of life, continue to emerge. The main complaints
are fatigue, shortness of breath, muscle weakness, impaired
concentration, impaired sense of smell, and lack of sleep [1].
The high prevalence of respiratory failure in the outcome of
the new coronavirus infection, the need for artificial ventilation
in patients with severe disease contribute to the development
of remote pulmonary complications, primarily pulmonary
fibrosis [2]. The pathogenesis of COVID-19 is based on
pathoimmunological mechanisms with a damaging effect on
organs and tissues.

The diversity of clinical manifestations of the course of
infection in the follow-up determines the interest in studying
clinical and immunological changes in dynamics in COVID-19
convalescents of different age. The pathogenesis of multiple
organ damage in COVID-19 is diverse and is associated, firstly,
with the direct cytopathic effect of the virus on tropic cells,
secondly, with the damaging effect of cytokines, and thirdly,
with a violation of the hemostasis system due to damage to the
endothelium with the development of thrombosis.

The issue of the development of remote changes in a
past infection, as well as proinflammatory mechanisms of
prolongation of changes in the lungs, has interested scientists
for quite some time. The aspects of formation of pulmonary
fibrosis as a result of viral infections have been studied most
thoroughly using MERS-CoV, SARS-CoV influenza as an
example [3, 4, 2, 5-7]. Thus, in the influenza caused by the
HINT1 virus, the development of fibrosis is of a multi-factor
nature: aggressive fibroblastic activity that occurs in response
to massive damage to lung tissue and hypoxia, high level of
TNF-a correlating with the duration of hypoxia, and the role
of TGF-p, independent from other factors, in the stimulation of
fibroblast proliferation and subsequent growth of connecting
tissue [3, 8, 9].

Based on the data from a retrospective analysis of foreign
colleagues, Russian scientists identified the pathogenetic
mechanisms of the lung fibrosis induced by SARS-CoV-2
[1-3]. Important roles were identified in the tumor necrosis
factor a, transforming factor B, interleukin-6, which is
confirmed by the increase of the said factors in the COVID-19
patients’ serum. The literature describes cases of detection of
fibrogenesis biomarkers in bronchoalveolar lavage (BAL)
24 hours after the development of ARDS [1, 2]. Data on
the assessment of biomarkers in blood serum in comparison
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with radiological data in dynamics in convalescents are not
provided.

The importance and clinical significance of immunological
aspects of development of lifelong complications of the disease
in the form of fibrosis have been studied for years [2, 3].
Understanding the mechanisms involved in the development
of long-term sequelae of SARS-CoV-2 infection necessitates
monitoring patients beyond the acute stage of SARS-CoV-2
infection.

m AIM

To study the clinical and immunological parameters
of COVID-19 convalescents one month and three months
after the disease with the identification of predictors of the
development of changes in the lungs.

m MATERIAL AND METHODS

The study was performed in the scientific research center
of the Orenburg State Medical University (OSMU). Inclusion
criteria: positive PCR result from the nasopharynx for the
presence of SARS-CoV-2, bilateral viral pneumonia according
to the results of computed tomography of the chest organs. All
patients signed informed voluntary consent for the processing
of personal data and medical intervention upon hospitalization.

Thirty-five (35) convalescents aged 22 to 75 years were
examined in the dynamics of the COVID-19 disease (one and
three months after recovery). During the examination, patients
were divided into two groups in accordance with the identified
clinical and immunological disorders. The first group included
young and adult individuals (n=20); the second, elderly and
senior individuals (n=15). As the control, the standard values
of immunological indicators developed in the OSMU problem
laboratory for studying the mechanisms of natural immunity
were used.

In all of the examined individuals, markers of cellular
immunity were identified (CD-3, CD-4, CD-8, CD-19) by
immunofluorescence using monoclonal antibodies from
“Sorbent” (Moscow); phagocytic index and phagocytic index
in relation to St. aureus, metabolic activity of segmented
neutrophils in spontaneous and induced reaction with
nitroblue tetrazolium dye (NBT test); levels of A, M, G
immunoglobulins in the immunodiffusion reaction, as well
as content of circulating immune complexes (CIC) in a
precipitation reaction with polyethyleneglycol, cytokines IL-6,
IL-8, TGF-B, TNF-a by enzyme immunoassay (EIA) using test
systems from “Vector Best”. To identify a possible relationship
between qualitative characteristics, the Pearson coefficient
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Young and q
Total Senior and old
Characteristic ad:ltzat\'ge age (n=15)
52,4+17,6 53,7+13,5 76,2+13,8
s Male 23 (65,7%) 13 (65%) 10 (66,7%)
ex
Female 12 (34,3%) 7 (35%) 5 (33%)
CcVvD 5 (14%) 4 (20%) 1(6,7%)
Respiratory system 3(8,5%) 1 (2%) 2(13,3%)
Diabetes mellitus 4 (11,4%) 2 (10%) 2 (13,3%)
Obesity 4 (11,4%) 2 (10%) 2 (13,3%)
Multiple sclerosis 2 (5,7%) 2 (10%) 0
Mixed nosology 10 (28,5%) 2 (10%) 8 (53%)
Severe degree of COVID-19 12 (34,3%) 5 (25%) 7 (46,7%)
Disease duration before
hospitalization, M+SD Ghisetl s k2 Bio=2ib
purationioiiospitalizationis W=t o7tV W oV iAo 23,71+11,2

MzSD

Table 1. General characteristics of the studied groups of patients
Tabnuya 1. O6was xapakmepucmuka uccnedyeMbix 2pynn

nayueHmos

Immune status
values in
convalescents

Leukocytes, 10%n

%

Lymphocytes
109n
%
CD-3
10%/n
%
CD-4
10%n
%
CD-8
10%n
%
CD-19
10%n
PC, %

P, conv. Units
Spontaneous NBT, %
Stimulated NBT, %
CIC,U

IgA, g/l

IgM, g/l

18G, g/l

1gM specific
to SARS-CoV-2

18G specific
to SARS-CoV-2

After one month After three months
Me [Q,5; Q;5] Me [Q,5; Q;5]

Group 1
(n=25)

4,1

25,6
[24,25; 27,25]

1,09
[1,25; 1,371}

52
[46,25; 57,25] |

0,46
[0,62;0,72] |

36
[35; 37,5]

0,37
[0,19; 0,49]

25
[18; 30]

0,297
[0,18;0,67]

14
[10; 17]

0,129
[0,13; 0,19]
49,5
[33,5; 66,75]

5,65
[4,525; 6,4]

3,62
[3; 4,35] |

27,8
[15; 46,28] |

144
[154;169,5]
2,4
[2,13; 3,125]

0,8
[0,6; 1,05] |

10,2
[6,8; 13,34]

0,95
[1;1,3]

18,9
[15,6; 20]

Group 2
(n=19)
7.9
10,4
[9,1; 14,3]
0,81
[0,61; 1,45]

44
[39; 54]

Group 1
(n=25)

7.1
35,4
[27; 41]
24
[1,96; 3,034]

56
[50; 60]
1,344

0,511
[0,166; 0,751] [0,98; 1,608]

30
[26; 41] |

48
[42; 53]

Group 2
(n=19)

5,6

24,1
[19,8; 29,7]

1,97
[1,86; 2,091]

47
[46;51] |

0,943
[0,82; 0,95]

33,6
[30;41] |

0,219

0,23 1,152
[0,16; 0,41] | [0,769; 1,305] [0,12; 0,68] |

32[25; 34]

30
[23;31]

21,6
[20,2; 26,3]
0,386

0,29 0,72
[0,19; 0,47] [0,52;0,758]1 [0,23;0,51]

15
[12; 21]

0,15
[0,11; 0,21]
33
[28,7; 42,9]
3.8
[3,5; 3,9]
1,2
[0,7; 2,3]

442
[37,8; 45,4]

178
[67; 393]

2,53
[2,15; 3,03]

1,31
[1,13; 1,31]

10,56
[8,94; 10,68]

4,71
[3,15; 10,73]

16,9
[14,92; 18,67] [11,92; 20,17]

16
[12; 23]

0,379
[0,359; 0,48]

39
[33; 50]
3,9
[3,7; 4,2]

1,0
[0,7; 1,3]

35,7
[34,7; 43,7]

113
[96; 227]

2,84
[2,23; 4,46]

1,31
[1,31; 1,76]

11,52
[6,91; 13,81]
3,86
[1,77; 4,42]
15,90

214
[20;24] 1

0,414
[0,37; 0,49]
38,2
[35; 41]
4,34
[3.9; 4,4]
2,72
[1; 4,31

35,14
[25,7; 47,3]

233,2
[175;193] 1

3,51
[2,57:4,22]

0,84
[0,6;1,2] |
10
[6,79; 13,81]

1,64
[1,2;1,97]

16,65
[15; 17]

Note: values in bold are credibly (p<0.05) different from normative values.
Table 2. Indicators of immune status in COVID-19 convalescents in

the catamnesis

Tabnuua 2. [Mokazamenu UMMyHHO20 cmamyca y

pekoHBanecuyeHmoB COVID-19 B kamamHese
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7% CVD
15% 13% Respiratory system
(o)
31% DM
15% .
54% Obesity
8% Multiple sclerosis
gt
13% Mixed nosology
0%
Inner circle: Group 1 (n=20)
Outer circle: Group 2 (n=15

Figure 1. Characteristics of the sample, taking into account the
comorbid background.

PucyHok 1. Xapakmepucmuka BbI6OPKU C y4emoM KOMOpP6UOH020
¢oHa.

was determined; between quantitative and qualitative
characteristics, the methods of group and one-factor variance
analysis with the determination of the F-test, the Kruskal-
Wallis test was used. Methods of multivariate statistics were
used, namely descriptive statistics. Statistical processing of the
obtained results was carried out using Statistica 10.0 software
suite.

m RESULTS

The results obtained are shown in Tables 1-3. The average
age of the patients in the first group was 53.7+13.5 years;
the patients were predominantly male, 60% (15 patients). In
the second group, the average age was 76.2+13.8 years; the
patients were also predominantly male, 63.2% (12 patients).
The predominance of males in the study group is associated
with gender-specific features of the epidemiology of acute
viral infections [10-12].

The analysis of the comorbid background revealed that
young and adult patients had cardiovascular diseases (CVDs)
most frequently (Fig. 1). Senior and old individuals had
conditions of mixed nosology (diabetes mellitus, obesity,
CVDs, diseases of the respiratory system). The most
statistically significant (p<0.05) were the cardiovascular
diseases in both age groups, as well as diabetes mellitus in
senior and old age.

Among the patients with severe forms of the disease, senior
and old patients were 58% (7 patients) from the total number of
examined individuals (Fig. 2). The comorbid background, and
the duration of the disease before hospitalization had statistical
significance on the progression of the disease severity, which
conforms with the data from the literature [10, 11, 13].

" Aterimonn | Atersmonns
KN BT TN K

IL-6 53,16 iShS 33,72 He > 10 nr/mn

IL-8 7,3 8,34 13,4 11,49 He > 10 nr/mn
TNF-a 51 4,36 3,7 6,1 He > 6 nr/mn
TGF-p 6,43 18,72 22,3 11,88 He >38 Hr/mMn

Table 3. Assessment of cytokines in the blood of COVID-19
convalescents in dynamics

Tabnuuya 3. OueHka UUmMOoKUHOB B KPOBU Yy peKoHBaslecyeHmoB
COVID-19 B duHamuke

www.innoscience.ru
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120%
100%

42%

80%
58%

Group 2 (n=15)

® Moderate degree

60%

40%

20%

0%
Group 1 (n=20)

Severe degree

Figure 2. Characteristics of the sample, taking into account the
degrees of severity.

PucyHok 2. Xapakmepucmuka BbI60OpKU C y4emoM cmeneHel
msxecmu.

The values in bold have a credible difference from normative
values (p<0.05). These include values of T-cellular immunity
CD-3, CD-4, cytotoxic lymphocytes CD-8, phagocytic value,
phagocytic index, IgA, amount of CIC, nitro-blue tetrazolium
reduction test.

In both groups, absolute and relative lymphopenia was
identified (CD-3, CD-4) one month after recovery. In the
patients of the second group, the changes in CD-3 and CD-4
persisted for three subsequent months.

The evaluation of the CD-8 level revealed minor differences
in both groups one month after the recovery. Three months
after the recovery, there was a tendency towards decreasing of
the CD-8 level as compared to the control values in the older
patient group.

In patients of both groups, the IgA level had boundary
values one month after the recovery, while the distribution of
IgM and IgG was normal. In older patients, an increase of the
IgA was identified three months after the recovery with normal
values of IgM and IgG. The amount of specific IgM and IgG
against SARS-CoV-2 in both groups was sufficient throughout
the entire follow-up period.

The level of CIC was elevated in both groups one month
after the recovery and in the follow-up.

Minor differences were seen in the assessment of phagocyte
values in both groups; they were observed to decrease with
the phagocyte index remaining stable, and the results of the
spontaneous NBT test were lower one month after the discharge.
In the second group of patients, the changes persisted.

6,1
Inner circle: cytokine
3,7 3,3 W

levels in Group 1, pg/ml

Outer circle: circle:
cytokine levels in Group 2,
pg/ml

11,49

33,72
13,4

IL-6 IL-8 TNF-a

Figure 4. Cytokine changes after 3 months in convalescents.

PucyHok 4. V1ameHeHue UUumOoKUHOB Yepe3 3 Mecsiua y
peKoHBalecyeHmos.

The analysis of the cytokines revealed various changes
(Fig. 3, 4). In the first group, the changes only appeared three
months after the recovery (increase of the IL-8). In the patients
of the second group, the increase of the IL-6 was seen one
month past the infection despite the implementation of targeted
therapy. In three months, an increase of the IL-8 and TGF-p
was observed (Fig. 5).

m DISCUSSION

Our study established that clinical and immunological
changes persist throughout the entire duration of the disease
in all examined individuals; this indicates that the disease
was in progress. The revealed significant differences in the
degree of changes in clinical and immunological parameters
in individuals, taking into account age and the presence of
chronic somatic pathology, are expressed primarily in the
violation of the parameters of the T-system of immunity. These
circumstances are novel and require discussion [14, 15]. An
important problem is the assessment of risks of development of
a severe course of the disease, as well as influence of various
factors and development of adverse outcomes [16, 2, 17]. The
fact that the convalescents still demonstrated symptoms of
COVID-19 for more than 21 days confirms importance of
studying the changes in the immunity after the disease [12,
16, 18, 19].

According to literature data, the leading role in the
formation of immunity is assigned to CD4+ T-cells due
to the neutralization of antibodies and the emigration of
lymphocytes into the lung tissue [20, 4]. The functional
lowering of the level of cytotoxic CD8+ lymphocytes

4,36
8,34
5,1 Inner circle: cytokine
8,6 levels in Group 1, pg/ml
Outer circle: circle:
cytokine levels in Group 2, pg/ml
7,3

53,16

IL-6 IL-8 TNF-a

Figure 3. Cytokine changes after 1 month in convalescents.

PucyHok 3. M1ameHeHue yumoKuHoB Yepe3 1 Mecsiy y
PpeKoHBasiecyeHmoB.

www.innoscience.ru

Outer circle: circle:

1188 6,43 cytokine levels in Group 1

Inner circle: circle:
cytokine levels in Group 2

23 72

1 month 3 months

Figure 5. Change in cytokine TGF-p after 1, 3 months in
convalescents, ng/ml.

PucyHok 5. VismeHeHue yumokuHa TGF-p yepes 1, 3 Mecsiya y
peKoHBanecueHmoB, Ha/Mn.
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correlates with the progression of the disease, and vice versa
[5, 7]. Disruption in several components of the immune
system may indicate the persistent nature of the virus, and,
respectively, the persistence of the specific inflammatory
response and severe tissue injury.

Our research also correlates the abnormal quantities of
CD-3 and CD-4 cells in patients with the development of
severe forms of the disease regardless of the initial moderate
progression. The time required for the normal levels of the
immunity depends on the age. Additionally, the quantitative
change in the cytotoxic CD-8 lymphocytes in the patients of
Group 2 three months after the disease creates the conditions
for exacerbation of chronic infections, risk of development
of other acute infections, but still is not sufficient for the
development of autoimmune reactions. It is necessary to study
the immune parameters in the follow-up in order to understand
of mechanisms of deferred changes in the convalescents’
organism [12, 16, 19].

As arule, humoral and cellular immunity should be formed
in patients who have had a new coronavirus infection, but
the response of antibodies and specific CD8+ T-lymphocytes
develops independently of each other and is determined by
genetic factors [21, 19]. Within three months after the disease,
the examined groups retained the capability for a specific
humoral response with respect to the normal levels of cytotoxic
lymphocytes [14, 5].

The elevated amounts of CIC in both groups in the follow-
up may be related to exacerbation of chronic diseases and
advances a high risk of development of auto-allergic reactions
[11, 20, 4].

A relevant intra-vital outcome of COVID-19 that
affects the patient's quality of life is the development of
pneumofibrosis [13, 17, 22]. The literature describes at
least two mechanisms of development of pneumofibrosis
under the new coronavirus infection. Firstly, the capability
of SARS-CoV-2 to induce the decrease of ACE-2 clearance
in the lungs resulting in a disruption of TGF-p and CTGF
regulation [3, 5, 15]. Secondly, the direct cytopathic action
of TNF-a on the capillary endothelium of alveolar wall,
the proinflammatory action being supported by IL-6, IL-8,

Hayka n nHHoOBauuu B MeauuuHe

IL-18 [3, 10]. The damage of the basement membranes seen
in the new coronavirus infection promotes a progressive
growth of fibroblastic tissue. The prognostic significance
of these factors remains poorly understood and relevant
for understanding the risks of developing long-term
consequences of the disease.

The identified changes of the cytokines (IL-6, IL-8, TNF-aq,
TGF-p) in convalescents of COVID-19 were analyzed with
respect to development of post-COVID changes in the lungs
using the method of CT of the lungs [10, 5]. The increase
of the IL-8 and TGF-pB, when compared to the X-ray pattern
of the pneumofibrosis in the convalescents confirms the
correlation of the indicators. The absence of pneumofibrosis
on CT may indicate an existing high predisposition to the
development of pneumofibrosis with characteristic blood
changes in the presence of any trigger (viruses of influenza,
SARS-CoV-2, and other ARDs) [3, 13, 17]. In a similar study,
the characteristics of immunity of patients with co-infection
of influenza and COVID-19 in the acute stage of the disease
when assessing the cytokines, saw normal values of IL-6, IL-
8, TGF-B, TNF-a, which indicates a low risk of development
of lung fibrosis [12].

m CONCLUSIONS

1. The persistence of clinical and immunological changes
in the body of convalescents indicates the persistence of
the SARS-CoV-2 virus, and an increase in the level of CIC
indicates the prolongation of the damaging effect of the virus
on the body of the recovered individual.

2. The pronounced disruptions caused decrease in the
levels of CD-3, CD-4. Statistically significant changes were
identified in the group of senior patients due to preservation
of absolute and relative lymphopenia throughout the period
of observation.

3. In the risk group of pneumofibrosis development, the
most optimal is the combined increase in the levels of 1L-8
and TGF-p. The absence of pneumofibrosis on CT with an
immunological pattern of the blood may indicate a high
predisposition of this group of patients towards development
of pneumofibrosis. »=
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