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The correlations of serum ceruloplasmin levels in patients with Long COVID (n - 35) with clinical and epidemiolog-
ical features and the possibility of using indicators to predict the course of the disease were studied. The comparison
group consisted of 42 clinically and anamnestically healthy persons. The gender distribution in the groups was un-
even, with a predominance of women, which is in line with current research. The majority of respondents at the time
of the survey had contracted COVID-19 3-6 months before the survey (49%), which corresponded to the spread of
the Omicron strain. Ceruloplasmin in patients with Long COVID (47.86 (39.00-50.00) mg/dl) was 2 times higher than
in the comparison group (23.95 (19.00-29.25) mg/dl) (p<0.05). An increase in ceruloplasmin levels was observed in
patients with a shorter period after COVID-19 disease, respectively, after 12 months and more, it decreased by 45%
compared with 3 months, by 25% - from 3 to 6 months (p<0.05). Ceruloplasmin levels were directly correlated with
leukocyte count and total inflammation index in both groups (p<0.05), indicating its involvement in the immune re-

sponse at the level of other cytokines in patients with Long COVID.
Key words: COVID-19, Long COVID, intoxication, inflammation, immunology, ceruloplasmin, correlation, progno-

sis, health.

Connection of the publication with planned re-
search works.

The study was carried out as part of the research work
of the Department of Infectious Diseases and Epidemi-
ology of Sumy State University “Clinical and epidemio-
logical features of viral, bacterial and parasitic infections
depending on immunological, genetic and metabolic
factors, optimisation of diagnostic and therapeutic mea-
sures”, state registration number 0121U11571.

Introduction.

SARS-CoV-2 is the virus that causes COVID-19 and
has caused nearly 7 million deaths worldwide. However,
after recovery, some patients may persist and/or devel-
op new symptoms for a long time, now known as Long
COVID (LC) [1]. The most common symptoms include
fatigue, shortness of breath on exertion, insomnia, mal-
aise, cognitive impairment, myalgia, cough, anosmia, ar-
thralgia, chest pain, fever, and tachycardia [2-4].

In terms of epidemiological features, most research-
ers associate LC with female patients with diabetes mel-
litus, obesity, cardiovascular disease, as well as with an
increased SARS-CoV-2 viral load and patients with severe
COVID-19 [1-5].

The pathogenetic mechanisms of these symptoms
are unclear, and several main theories have been pro-
posed: immunological dysregulation, autoimmunity
and immune priming, the effect of SARS-CoV-2 on the
microbiota, microvascular coagulation with endothelial
dysfunction, and dysfunctional signal transduction in the
brainstem and/or vagus nerve [6-9].

Immunological abnormalities in patients with LC in-
clude changes in T cells, a decrease in the number of
CD4+ memory effector cells (secreting interleukin (IL)-4
and IL-6) and CD8+, increased expression of type | and
type Ill interferons (IFNA1 and IFNB), an increase in the
number of activated monocytes, B cells, and elevated
levels of cytokines (including IL-1B, IL-6, and tumour
necrosis factor (TNF)) [8-11]. A special role is played by
IL-6, as one of the main proinflammatory cytokines that
induces C-reactive protein (CRP) and procalcitonin and
triggers a cytokine storm. At the same time, the level of
IL-6 is considered as a marker of the severity of SARS-

CoV-2 infection, and its correlate ceruloplasmin (CP) is
considered as a marker of the severity of SARS-CoV-2 in-
fection, which can act as an antioxidant and prooxidant,
as well as an acute phase reactant and increase in in-
flammation, increase in D-dimers, increase in CRP and
decrease in lymphocyte count [12].

CP is a glycoprotein synthesised in the liver (and in
small amounts by immune cells, including macrophages
and lymphocytes) containing six copper (Cu) atoms,
and is a serum ferroxidase responsible for 95% of the
transport of Cu in the blood, which acts as a co-factor
for enzymes in cellular reactions. On the immunological
level, Cu deficiency can lead to a weakening of T-cell re-
sponses, immune tolerance and an increase in humoral
responses, confirming the presence of immunodeficien-
cy. CP, as an acute-phase protein, can be elevated in in-
fectious diseases, inflammation, tissue damage, trauma,
and high levels of estrogen and progesterone (pregnant
women and women receiving estrogen therapy or taking
oral contraceptives) [12-13].

In addition to transporting Cu, CP is necessary for the
outflow of iron from cells. Its absence causes progressive
neurodegeneration (iron-induced oxidative stress). lron
efflux from astrocytes is essential for both oligodendro-
cyte maturation and myelination and myelin integrity in
the mature brain. CP is also believed to be involved in
the control of membrane lipid oxidation [14].

Scientific research on the importance of CP in the de-
velopment of immunological changes caused by SARS-
CoV-2 and prediction of the severity of COVID-19 is of
great interest, but among the scientific publications we
studied, we did not find data on the importance of CP in
the development of LC.

The aim of the study.

To establish the relationship of serum ceruloplasmin
with epidemiological and clinical features in patients
with Long COVID in order to predict the course.

Object and methods of research.

The subjects were divided into two groups: the first
— patients with Long COVID (n — 35) — with symptoms
after COVID-19 for more than 3 months, which lasted for
2 months or more and could not be explained by other
causes (study group); the second — clinically and anam-
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Figure — Distribution of patients with LC into subgroups depending

on the time since COVID-19.

nestically healthy persons (n —42) —had no confirmatory
data on COVID-19 (comparison group). According to the
criterion of duration after confirmation of COVID-19, pa-
tients in the study group were divided into 4 subgroups:
I (n—8)—up to 3 months after COVID-19, Il (n—17)-3-6
months, Ill (n —5) — 6-12 months, IV (n — 5) — more than
12 months.

The exclusion criteria for participation in the study
were: age over 60 and under 18, diabetes mellitus, obe-
sity above grade 2 inclusive, hepatitis, autoimmune dis-
eases (rheumatoid arthritis, glomerulonephritis, thyroid
disease, rheumatic heart disease, psoriasis, etc.) Apart
from osteochondrosis, the patients had no confirmed
neurological diagnoses.

The selection for both groups was carried out ran-
domly among people undergoing a routine medical ex-
amination at the University Clinic of Sumy State Univer-
sity.

Prior to enrolment in the study, in accordance with
the requirements of the Helsinki Declaration, each pa-
tient confirmed his or her consent in writing.

All subjects underwent a complete blood count using
CobasMicros and Elite 3 analysers, serum ceruloplasmin
levels were determined by the turbodimetric method,
and the total inflammation index (TII) was calculated:

TI=TLI+TPI+TSI+TLC+TESR, where TLI = body tem-
perature x WBC (white blood cells) / 100; TPI = body
temperature x % of non-segmented neutrophils / 100;
TSI = body temperature x % of segmented neutrophils
/ 1000; TLC = body temperature x % of lymphocytes /
1000; TESR = body temperature x ESR / 1000; [3, 15].

Microsoft Office Excel 2016 spreadsheets were used
to collect input data, correct and systematise them.
Statistical data processing was performed using the li-
censed STATA software by StataCorp (Texas, USA).

The Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to determine the normality of the distribution.
Student’s T-test was used for values that corresponded
to normal, Mann-Whitney U-test — as a non-parametric

Table 1 — Changes in serum ceruloplasmin levels depending
on the time since COVID-19

11l (6 - 12 month)

IV (more than 12 months)

method of analysis, respectively. The
Pearson and Spearman correlation co-
efficient (two-sided significance test)
was used to assess the degree of cor-
relation of the indicators.

The criteria were considered sig-
nificantly significant at p<0.05. The
median (Me), 25th and 75th quartiles
were used to describe quantitative in-
dicators.

Research results and their discus-
sion.

The gender distribution in the groups was uneven,
with women predominating, but the groups did not dif-
fer from each other: the study group (LC) — 59% women
and 41% men, the comparison group —60% and 40%, re-
spectively (p>0.05). Such data on gender distribution are
consistent with modern scientific research, regardless of
race and continent where the study was conducted [10,
16, 17]. The groups did not differ in age: in the LC group,
the average age was 43.20 (34.00-53.00) years, in the
comparison group — 38.52 (32.00-45.00) years (p>0.05).

The majority of respondents at the time of the survey
had contracted COVID-19 3-6 months ago (49%), which
corresponded to the spread of the Omicron strain (fig-
ure). The frequency of new LC cases reported increas-
es after reinfection caused by SARS-CoV-2 subvariants
of the Omicron family [18, 19]. The high variability of
Omicron (especially for subvariants BA.4 and BA.5) and
the higher risk of reinfection compared to Beta (B.1.351)
and Delta (B.1.617.2) variants cause immunosuppres-
sion, regardless of its origin [11, 20].

There was a significant statistical difference in the
mean CP values in the group of patients with LC (regard-
less of subgroup) (47.86 (39.00-50.00) mg/dl) compared
with the group of conditionally healthy individuals (23.95
(19.00-29.25) mg/dl). It was 2 times higher (p<0.05).

There was an increase in CP levels in patients with
a shorter period after completion of COVID-19, respec-
tively, in subgroup IV it decreased by 45% compared with
subgroup | (p<0.05), by 25% with subgroup Il (p<0.05),
by 10% with subgroup Il (p>0.05); in subgroup Ill it de-
creased by 39% compared with subgroup | (p<0.05), by
17% with subgroup Il (p<0.05); in subgroup Il it decreased
by 27% compared with subgroup | (p<0.05) (table 1). Di-
rect correlations between serum ceruloplasmin levels
and the time of COVID-19 confirmation allow this indica-
tor to be used to predict the course of LC (table 2).

Such results indicate the involvement of CP in the
immune response at the level of other proinflamma-
tory cytokines and
their gradual decrease,

Il (3 - 6 month)

which correlates with a

Notes: pO — comparison with a group of conditionally healthy individuals, p1 — comparison with subgroup I,
p2 — comparison with subgroup Il, p3 — comparison with subgroup Ill, p4 — comparison with subgroup IV, * —

significant difference by Student/Mann-Whitney test.

BatichypielpsWhIEE PR | Comparison | decrease in the severity

Indicator All I (3 months) |1l (3-6 months) mo(nt-hs) 1£mn$;ith3n group of the clinical picture

(n=35) (n=8) (n=17) (n=5) (n=5) (n=42) and a decrease in .the

Serum CP | 47,86 63,63 46,76 39,00 35,20 23,95 number of complaints

(mg/dL) | (39,00-50,00) | (45,50-81,25) | (41,00-49,50) | (34,00-45,50 |(30,00-42,50|(19,00-29,25)| in the long-term period
Statistical |p0=0.001* |p0=0.001* |p0=0.001* |p0=0.001* |p0=0.006* after COVID-19 [2].

significance p1=0.054 p1=0.016* p1=0.021* p1=0.001* Serum CP was sta-

(p) Po0054 | |p2<00%9  |p20.010% | p2-0.001° | distically  significant

p3=0. p3=0. p3=0. p3=0. .
p4=0.021* | p4=0.010* |p4=0.681 pa=0.006* | and directly correlated

with leukocyte counts
in both groups (6.23
(5.30-7.10) x10° /L in
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the study group and 5.91 (4.95-6.75) x10° /L
in the comparison group) (p<0.01). TIl was di-

Table 2 — Spearman’s correlation (Ro) of serum ceruloplasmin

with other parameters

rectly correlated with CP in all patients (6.87 Long COVID Group | Comparison group

(6.26-7.45) — in the study group, 6.63 (6.12- Rl e PEreiaE (n-35) (n-42)

7.04) — in the comparison group) (p<0.05) Ro p Ro p

(table 2). _ Age 0,013 | 0943 | -0,025 | p=0.874
It has been shown that serum CP increases ['cyip 19 confirmation Deadline | -0,611** | 0,001 ;

in severe forms of infection caused by SARS- Leukocytes 0,617** | 0,001 |0,511** | p=0.001

CoV-2 and is a marker of the severity of the o 0,468** | 0,005 |0,395** | p=0.010

disease. There is also a strong association be-
tween increased serum CP and increased IL-6
levels [12].

Increased levels of proinflammatory cytokines such
as IL-6, IL-7, IL-10, and IL-1B indicate a negative impact
on endothelial function and signal the possible devel-
opment of a cytokine storm [21]. However, decreased
levels of Cu and CP were found in patients who did not
survive, indicating high immune activity of CP and par-
ticipation in the antioxidant defence system as a positive
acute phase reactant [22].

Immune dysregulation is one of the pathogenetic
mechanisms of LC. Changes in T cells have been detect-
ed, including their depletion, a decrease in the number
of CD4+ and CD8+ memory effector cells, an increase in
the number of non-classical monocytes, cytokines, acti-
vated B cells, double negative B cells, IL-4- and IL-6-se-
creting CD4+ T lymphocytes on average 14 months after
infection, and elevated levels of IL-1pB, IL-6, and TNF [1].
Thus, serum CP can be used, along with inflammatory
indices (TIl) and other proinflammatory cytokines, as a
biomarker of LC. This indicator can be used to determine
the severity of the immune response, predict the dura-
tion of clinical symptoms, their number, and complica-

DOI 10.29254/2077-4214-2024-3-174-173-179

Notes: Ro is the Spearman correlation;
significance p<0.01.

“_n

— reverse; * — significance p<0.05; ** —

tions, both at the stage of primary SARS-CoV-2 infection
and during LC.

No correlation between CP and age was found in pa-
tients with LC (p>0.05) (table 2).

Conclusions.

1. Women aged 43.2 (34 — 53) years are more likely
to get Long COVID.

2. Serum ceruloplasmin is involved in the immune
response at the level of other cytokines in patients with
Long COVID and decreases in the later stages of COVID-
19.

3. Serum ceruloplasmin directly correlates with leu-
kocyte count, total inflammation index, and can be used
as a biomarker of immune response severity and predic-
tion of the course of Long COVID.

Prospects for further research.

To determine the level of serum ceruloplasmin in
more distant periods of Long COVID in order to deter-
mine the strength of the correlation with the epidemio-
logical and clinical features of the disease.
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CUPOBATKOBWI LEEPY/IONNA3MIH, AK NPOrHOCTUYHMIA NOKA3HUK NEPEBITY
LONG COVID

CymcbKuiA aepraBHuii yHiBepcutet (m. Cymu, YKpaiHa)
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Bugs4eHO KopeaamusHi 38°A3KU PiBHIO CUPOBAMEKOB020 UepysomnaasmiHy y xeopux Ha Long COVID (n — 35) i3
KniHiKo-enioemiono2iyHUMU OaHUMU Ma MOX/UBICMb 8UKOPUCMAHHA MOKA3HUKI8 0719 npo2HO3y8aHHA nepebizy
x8opobu. [pyny nopisHAHHA cKAanu 42 KniHiKo-aHamMHecmu4yHo 300posi ocobu. Po3nodin 3a cmammio y epynax
bys HepigsHOMIpHUM, MepesaXanu HiHKU, Wo 8i0rnosidano Cy4acHUM HAYKOBUM OO0CiOMeHHAM. binbwicme
pecrnoHOeHMie Ha MOMeHmM OnuMy8aHHA nepexsopinu Ha COVID-19 3a 3-6 mic. 0o obcmexceHHA (49%), w0
8idnogidasno nowupeHHo wmamy Omicron. Llepynonaasmin y nayieamis i3 Long COVID (47,86 (39,00-50,00) me/
0s1) 6ys suwuUM y 2 pa3u 3a MOKA3HUK y 2pyni nopieHAHHA (23,95 (19,00-29,25) me/dn) (p<0,05). Cnocmepizanoca
niosuweHHa pisHA UepynonaasmiHy y rnauyieHmie 3 Kopomuwum nepio0om nicas 3axeoprtosaHHA Ha COVID-19,
8idnoeioHo uepes 12 mic. ma binbwe 6iH 3HUMYBABCA HA 45 % nopieHAHO i3 3 mic., Ha 25% - i3 3-6 mic. (p<0,05).
PiseHb uyepynonaasmiHy npamMo Kopesosads i3 Kinbkicmio Aelikoyumie ma cymapHUM iHOeKcom 3ananeHHA 8 06ox
epynax (p<0,05), wo ceid4ume npo (io2o 3aay4eHHA 00 iMyHHOI 8i0N08i0i HO PiBHI IHWUX YUMOKIHI8 y X80pux HA
Long COVID.

Knrwuosi cnosa: COVID-19, Long COVID, iHmoKcuKauyisi, 3anasneHHA, iMyHOs102if, yepynonaa3miH, Kopenayis,
MpozHo3y8aHHsA, 300p08’s.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAIA-
HUMU poboTamu.

JocniaykeHHA 6yno BUKOHAHO B MeXKax HayKOBO-A0-
cnigHoi poboTtn Kadeapw iHbeKuiiHMX xBopob 3 enige-
mionorieto CyMCbKOro Aep»KaBHOro yHisepcutety «Kni-
HiKo-enigemionoriyHi ocobnusocTti nepebiry BipycHUX,
6aKTepianbHMX Ta NapasUTAPHUX iIHPEKLiM B 3aN1EKHOCTI

Bif, IMYHONOrYHUX, TEHETUYHUX Ta mMeTaboniuHmx dak-
TOpiB, ONTUMIi3aL,ifA AiarHOCTUYHUX Ta JliKyBaZIbHUX 3aX0-
AiB», HoMep AeprkaBHOI peecTpauii 0121U11571.
Bctyn.
SARS-CoV-2 — ue Bipyc, WO BMKINKAE 3aXBOPIOBAH-
HA COVID-19 Ta cnpuYmMHMB malixke 7 MJH CMepTen y
BCbOMY CBITi. [1poTe, Nicna oay*KaHHA, y AeAKMUX MaLiEH-
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TiB TPMBANMI Yac MOXKYTb 36epiratuca / abo 3’asnatuca
HOBi CUMNTOMM, CbOTOAHI Lie Biaomo, Ak Long COVID (LC)
[1]. Cepean cumnTOMmiB, WO 3YCTPiYatOTbCA YacTile ue:
BTOMa, 3aAMLKa npu $isMYHOMY HaBaHTaXKeHHi, 6e3-
COHHA, He3ayXKaHHA, KOTHITUBHI MOpyLWeHHA, mianria,
Kallenb, aHOCMifA, apTpanris, 6inb y rpyasx, NMXOMaHKa,
Taxikapgia [2-4].

Uloao enigemionoriyHnx ocobimsocten, GinblicTb
pocnigHukis nos’asytoTb LC i3 ocobamm xkiHouvoi cTarTi,
O cepes CYnyTHiIX 3aXBOPIOBAHb MatoTb LlyKPOBWUIA Ai-
abeT, OXKMpPIHHA, cepLeBO-CYyANHHY NATO/OFII0, @ TaKOX
i3 NigBMLLEHNUM BipyCHUM HaBaHTa*keHHAM SARS-CoV-2
Ta NauieHTamu, Aki mann Baxkky ¢opmy COVID-19 [1-5].

MaToreHeTUYHi MexaHi3MW BUHUKHEHHA LMX CUMM-
TOMiB He € OAHO3HAYHMMM | BUAINAETbCA AeKiNbKa
OCHOBHUX Teopii: iMyHONOriYHa Aucperynauis, aBTo-
iIMYHHWI Ta iIMyHHWIA npalimiHr, Bnane SARS-CoV-2 Ha
MiKpob6ioTy, MiKpOCyAUHHE 3ropTaHHA KPOBi 3 eHAOTe-
nNianbHot ancoYHKLUiE | aMcdyHKLIOHaNbHa Nnepeaaya
curHanis y ctoBbypi mo3ky Ta/abo 6syKatouomy Hepsi
[6-9].

B OCHOBi iMYHONOrIYHMX BiAXWNEHb Yy MAUIEHTIB i3
LC BMABNEHO 3MiHW T-KNiTWUH, 3MEHLIEeHHA KiNbKOCTI
epeKTopHMX KNITUH nam’aTi CD4+ (WO CeKpeTyoTb iH-
TepnenkiH (IL)-4 Ta IL-6) i CD8+, nigBuLLEHY eKcrpe-
cito iHTepdeponis Tuny | Ta lll (iHTepdepoH-B (IFNB) Ta
IFNA1), 36inblueHHA KibKOCTi MOHOLMTIB, aKTUBOBaHMUX
B-KNiTWH, nigBuLLeHi piBHI UMTOKIHIB (30Kpema IL-1B,
IL-6, dakTopa Hekposy nyxaunH (TNF)) [8-11]. OcobnuBsa
ponb npuainaeTbea IL-6, AK ogHOMY i3 OCHOBHMX NpO3a-
nasbHUX LMTOKIHIB, WO iHAYKYe C-peakTUBHUIN npoTeiH
(CRP) i NpOKanbLUMTOHIH Ta iHAYKYE LLUTOKIHOBMIA LUTOPM.
BoaHouac, Ha piBHi IL-6, AK MapKepa TAXKKOCTI iHPeKLil,
cnpuymHeHoi SARS-CoV-2, po3rnaaaeTbCs KOPENoUnin
3 HUM uepynonnasmiH (CP), Wo moxe AiATN AK aHTU-
OKCU/AHT, TaK i NPOOKCUAAHT, TAKOXK AK peareHT rocTpoi
dasn Ta niasMulyBaTMCA NPU 3anasieHHi, 36inbleHHi
D-pumepis, niasuweHHi CRP i 3HMKEHHSA KiNbKOCTI Nim-
¢doumTis [12].

CP — rnikonpoTeiH, Lo CUHTE3YeTbCA Yy nediHui (y
HEBEIMKUX KiNbKOCTAX — iIMYHHUMM KAITUHAMK, Y TOMY
ymncni makpodaramu Ta nimboumTammn) Ta MiCTUTb WiCTb
atomis migi (Cu) y cBoeMy cknagi, € cMpoBaTKoBoto de-
poKcuAaasoto, BiAnoBiAanbHO 3a 95% TpaHCNopTyBaH-
HA Cu y KpOBI, fiKa Ai€e AK Ko-paKTop A1 GepMeHTiB y
KNITUHHUX peaKkuiax. Ha imyHonoriyHomy pisHi aediunt
Cu MoKe CnpuUYnHUTK nocnabneHHs sianosiai T-KNiTUH,
iMYHHY TO/IEPAHTHICTb | NOCUJIEHHA T'YMOpPa/bHOI Bigno-
BiZi, NiaATBEpAKYOUM HaABHICTb iMyHoaediumTy. CP, K
roctpodpasoBuin 6inoK, MoxKe MigBuLLyBaTUCA NPU iH-
deKLiMHMX 3aXBOPIOBAHHAX, 3aNa/IeHHAX, MOWKOAMKEHHI
TKQHWH, TPaBMax, a TaKOX NpPU BUCOKOMY PiBHi ecTpo-
reHy Ta NporectTepoHy (BariTHi Ta *KiHKM, AKi OTPUMYIOTb
Tepanito ecTporeHaMn Yn NPUNMaKOTb OpasibHI KOHTpa-
uenTuem) [12-13].

Okpim TpaHcnopTtyBaHHA Cu, CP HeobXxigHui ana
BiATOKY 3ani3a 3 KAITWH. Moro BiacyTHiCTb cnpuymnHIoe
nporpecytody HelipogereHepauito (iHAyKoBaHUIA 3ani-
30M OKMCAIOBaNbHUI cTpec). Buxig 3anisa i3 actpoum-
TiB € 060B’A3KOBMM SIK A1 A03piBaHHA Ta MieniHizauii
ONiroAeHAPOLMUTIB, TaK i LiNICHOCTI MieniHy y 3pisomy
MO3Ky. TaKOX BBaKa€eTbCs, Wwo CP 6epe yyacTb y KOHTPO-
Ni OKMCNEeHHA Niniais membpaH [14].

HayKoBi gocnigrKeHHA woao 3HadeHHA CP y pos-
BUTKY iMYHO/IOTIYHMX 3MiH cnpuynHeHnx SARS-CoV-2 Ta

NPOrHo3yBaHHA TAXKOCTI nepebiry COVID-19 BMKNMKa-
I0Tb HEabWAKKI iHTepec, NpoTe cepes, BUBYEHUX HAaMU
HayKOBMX Ny6iKaLil He 6yN0 BUABNEHO AAaHWUX NPO 3Ha-
yeHHA CP y po3suTtky LC.

Merta gocnigKeHHs.

BcTaHOBMTM B33aEMO3B’A30K CMPOBATKOBOIO LEpy-
NIONNasmMiHy i3 enigemionoriyHUMM Ta KAiHIYHMMKU OCcOo-
6ansocTaMK y xBopux Ha Long COVID 3 meToto NporHo-
3yBaHHA nepebiry.

06’eKT i meTOAMU AoCNigKEHHS.

Ob6cTerkeHUx byno nogineHo Ha ABi rpynu: nepla —
xBopi Ha Long COVID (n — 35) — i3 cumnTomamu nicnn
3aBepweHHA COVID-19 noHag 3 mic., AKi TpuBatoTb Npo-
TAroM 2 mic. Ta binblie i He MOXyTb 6yTU NMOACHEHI iH-
WMMK NPUYUMHAMK (ZocniaxKyBaHa rpyna); Apyra — Kni-
HiKO-aHaMHeCTUYHO 340p0Bi 0cobu (n — 42) — He manun
niaTBepaXyumnx gaHux npo COVID-19 (rpyna nopis-
HAHHA). 33 KpUTepieEM TPMBANOCTI MicA NiATBEPAMKEH-
HA 3axBoptoBaHHA Ha COVID-19 nauieHTiB rpynn gocni-
OyKeHHA byno nogineHo Ha 4 nigrpynu: | (n — 8) — oo 3
mic. nicna COVID-19, Il (n—17) —3-6 mic., lll (n—5) —6-12
mic., IV (n—5) — 6inbwe 12 mic.

Kputepiamu BuAy4YeHHA ANA y4yacTi y AOCAIAMKEHHI
bynu: BiK cTaple 60 pokiB Ta monoalwe 18, LyKpoBuit
OiabeT, OXKMPIHHA BULLE 2 CTyNeHA BK/IKOYHO, renaTtuT,
aBTOIMYHHIi 3aXBOpPOBaHHA (peBMaTOiAHUI apTpUT, r1o-
MepynoHeppPUT, 3aXBOPIOBAHHSA LWMTONOAIGHOT 3a/103M,
peBmaTnyHa xBopoba cepud, ncopias Towpo). OKpim
OCTEOXOHAPO3Y Y NALIEHTIB He ByN0 NiATBEPAKEHUX He-
BPOANOTriYHMX fgiarHo3iB.

Biabip ana obox rpyn npoBoAmMBCA paHAOMHO cepej,
0ci6, Wwo npoxoaAnan NAaHOBUN MeAUYHUI ornag B YHi-
BEPCUTETCbKIlM KAiHiLi CymCbKOro AepKaBHOTo yHiBep-
cuTerty.

Mepen, 3aNy4eHHAM Yy AOCHIAMKEHHA KOXKEH MaLieHT
OaBaB NMMcbMoBY iHGOpMOBaAHY 3roAy, WO BiAMOBIAAE
BMMOram enbCiHCbKOI AeKknapau,ii.

Ycim focnigKyBaHMM NPOBOAMBCSA 3arabHUIA aHani3
KpPOBi 3 BMKOpPMCTaHHAM aHanizatopis CobasMicros Ta
Elite 3, BU3HauYeHHA PiBHA Lepy/IonaasmiHy CMPOBATKM
KpoBi TypbOoAMMETPUYHUM METOLO0M, a TaKOXK 0bpaxo-
BYBaBCA CYyMapHUiA iHaeKc 3ananeHHs (CI3):

CI3=TII+TNI+TCI+TNK+TLWOE, ge T/l = Temnepatypa
Tina x Kinbkictb neikoumtis / 100; Tl = TemnepaTypa
Tina x % HecermeHToafepHUx HelTpoodinis / 100; TCI =
TemnepaTypa Tina x % cermeHToaaepHUX HelTpodinis /
1000; T/IK = Temnepartypa Tina x % nimpouutis / 1000;
TLWIOE = Temnepartypa Tina x LUOE / 1000; [3, 15].

EnekTpoHHi Tabanui Microsoft Office Excel 2016 su-
KOPUCTOBYBaNUCA ANa 360py BXigHMX AaHUX, IX KOpeKLil
Ta cuctemaTtmsauii. CtaTuctyHa 06pobKa AaHMX NpoBo-
AMnacsa 3a AONOMOrOH NiLeH3iMoBaHOro NPOrpamHoro
3abe3neyeHHs STATA komnaHii StataCorp (Texas, USA).

Mif vac cTaTUCTUYHOI 06POBKN AaHUX ANA BU3HAYEH-
HA HOPMa/IbHOCTI PO3NOAiINY BUKOPUCTOBYBANNCA KpU-
Tepii Konmoroposa-CmipHoBa Ta LUanipo-Yinka. T-Kpu-
Tepin CTbtofeHTa BMKOPUCTOBYBABCA A8 BEMYMH WO
BianoBiganu HopmanbHomy, U-kputepii MaHHa-YiTHI
— K HEMapPamMeTPUYHUIN MeToA aHani3y BignosigHo. Ans
OLLiHKM CTyNeHA KopenALii MOKa3HWUKIB BUKOPUCTOBYBA-
v KoeodiujieHT Kopensuii MipcoHa Ta CnipmeHa (aBocTo-
POHHI KpUTEpilt 3HAYMMOCTI).

KpuTtepii 6ynn BU3HaHi 4OCTOBIPHO 3HAYYyLWMMM MpuU
p<0,05. MegiaHa (Me), 25-11 i 75-11 KBapTUAi BUKOPUCTO-
BYBa/INCA ANA ONUCY KiNIbKICHMX MOKA3HMKIB.
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Pe3ynbraty gocnigKeHb Ta ix 06roBopeHHs.

Po3nogain 3a cratTio y rpynax 6yB HepiBHOMiIpHUM,
nepeBakasn }KiHKKW, NpoTe MiXK coboto rpynun He Bigpis-
HAaAuca: gocnigyysaHa rpyna (LC) — 59% »KiHok i 41%
4YonoBiKiB, rpyna nopisHAHHA — 60% i 40% BignosigHoO
(p>0,05). Taki gaHi 3a reHaepHMM po3noginom Bigno-
Bi4alOTb Cy4YaCHMM HAYKOBUM [OCNIOKEHHAM, Hes3a-
NEXKHO Bif, pacoBOi MNPUHANEKHOCTI Ta KOHTUHEHTY Ae
nposoaunocs gocniaxkeHHsa [10, 16, 17]. 3a sBikom rpynu
Mix coboto He BigpizHanuca: y rpyni 3 LC cepegHin Bik
— 43,20 (34,00-53,00) poKy, y rpyni nopiBHAHHA — 38,52
(32,00-45,00) poky (p>0,05).

binblwicTb pecnoHAEeHTIB HA MOMEHT OMUTYBaHHA
nepexsopinn Ha COVID-19 3-6 mic. Tomy (49%), Wwo Bia-
nosigano nowmpeHHto wramy Omicron (pucyHok). Yac-
TOTa NOBIZOM/IEHb NPO HOBI BUNaakKM LC 3pocTae nicna
NoBTOPHOTO iHGIKyBaHHA, cnpuynHeHoro cybBapiaHTa-
mu SARS-CoV-2 poauHu Omicron [18, 19]. BucoKa Bapi-
abenbHictb Omicron (ocobanBeo ana niaapiaHTie BA.4 i
BA.5) i BUWMIA pU3MK NOBTOPHOTO 3apaKeHHsA NOpPiBHA-
HO 3 BapiaHTamu Beta (B.1.351) i Delta (B.1.617.2) Bu-
KAMKAOTb iIMyHOCYNpPECito, He3aneXHO Big il NOXOAXKeH-
Ha [11, 20].

BcTaHOBNEHO AOCTOBIPHY CTAaTUCTUYHY Pi3HULIO ce-
peaHix nokasHuKiB CP y rpyni nayieHTis 3 LC (He3anexHo
Big niarpynu) (47,86 (39,00-50,00) mr/
[1) NOPIBHAHO 3 TPYNot YMOBHO 370-
posux oci6 (23,95 (19,00-29,25) mr/
on). Bin 6ys Buwmm y 2 pasu (p<0,05).

CnocTepiranocsa nigBuLLEHHA PiBHA
CP y maujieHTiB 3 KOpOTWKUM Nepiogom
nicna 3asepweHHa COVID-19, signo-
BigHO y niarpyni IV BiH 3HMXKYyBaBCA Ha
45% nopisHaAHO i3 | nigrpynoto (p<0,05),
Ha 25% i3 Il nigrpynoto (p<0,05), Ha
10% i3 lll nigrpynoto (p>0,05); y nia-
rpyni Il 3HMKyBaBcAa Ha 39% NOpPiBHAHO
i3 | niarpynoto (p<0,05),
Ha 17% i3 Il nigrpynoto

PucyHok

e e

(4,95-6,75) x10° /n y rpyni nopisHAHHA) (p<0,01). CI3
npaAmo Kopentoas i3 CP y Bcix nauieHTiB (6,87 (6,26-
7,45) —y gocniaxKyeaHil rpyni, 6,63 (6,12-7,04) —y rpyni
nopisHAHHA) (p<0,05) (Tabn. 2).

JocnigxeHo, wo cuposaTkosuit CP niasuuyeTtbea
npu BaxKKnx dopmax iHdpeKuii, cnpnunmHeHoi SARS-CoV-2,
Ta € MApPKEePOM TAMKKOCTI nepebiry xeopobu. TakoxK icHye
CUNbHUWA 3B’A30K MiX nigBulieHHAM CP B cupoBsatui
KPOBI Ta NigBULLEeHHAM piBHA IL-6 [12].

MigBuLLEHHA PiBHA NPO3ananbHUX LMUTOKIHIB, TAaKMX
Ak IL-6, IL-7, IL-10 Ta IL-1B cBig4aTb NpO HeraTMBHWI
BN/AMB Ha QYHKLiIO eHAoTenito Ta CUrHanisyloTb npo
MOX/IMBUI PO3BUTOK LUTOKIHOBOTO WTopmy [21]. MNpoTe
3HUKeHUI piBeHb Cu Ta CP 6ynu BUABNEHI Y NaUieHTIB,
LLLO HE BM}KW/Y, LLO CBiAYNTb MPO BUCOKY iMYHHY aKTWB-
HicTb CP Ta y4acTb y CMCTEMI aHTMOKCUAAHTHOTO 3aXMCTY,
AK MO3MTUBHOIO peareHTy rocTpoi ¢asu [22].

IMyHHa Aucperynauia € ogHUM i3 MaToreHeTUYHUX
mexaHiamie LC. BuaBneHo 3miHM y T-KNiTMHaXx, 30Kpe-
Ma iX BUCHa)KeHHSA, 3MeHLWeHHsA KinbkocTi CD4+ i CD8+
epeKTopHUX KNITUH nam’aTi, 36inbleHHA KinbKoCTi He-
KNAaCUYHUX MOHOUMTIB, LMTOKIHIB, aKTMBOBAHMX B-Kni-
TUH, NOABIMHMX HeratMBHUX B-KniTuH, IL-4- Ta IL-6-ce-
KpeTytounx CD4+ T-nimdouymtis y cepegHbomy yepes 14
micauiB nicna iHeiKyBaHHA, nigsuweHi pisHi IL-1B, IL-6,

—

H|(3mic.) ®IlI(3-6 mic)
(6 - 12 mic.)

IV (6inblwe 12 mic.)

— Po3nogin nauieHTis 3 LC Ha nigrpynu 3anexHo Big TepmiHy

3 MOMEHTY 3aXBOpOBaHHA Ha COVID-19.

Tabauua 1 — 3miHK piBHA CMPOBATKOBOrO Liepy/10naa3miHy 3aneKHO
Bi, TepMiHY 3 MOMEHTY 3aXxBOptoBaHHA Ha COVID-19

(p>0,05); y niarpyni I

3HMKYBaBCA Ha 27% lpynu nauienTis i3 LC o T
nopisHAHO i3 | Mmiarpy- | Mokashuk yei I3mic) | 11 (3-6mic.) (6—1£"Mic) IV (6inbwe 12|  HAHHA
noto  (p>0,05) (tabn. (n=35) (n=8) (n=17) (nes) | Mic)(n=5) | (n=42)
1). Mpami KopenATUBHI
3')3,;]3;)” piBHoﬂinIpOBaT- g;‘g"&a”‘& 47,86 63,63 46,76 39,00 35,20 23,95
) (39,00-50,00) | (45,50-81,25) | (41,00-49,50) | (34,00-45,50 |(30,00-42,50| (19,00-29,25)

KOBOrO Liepynonnasmi- |(mr/an)
HY 3 TepMiHOM nip'_ c p0=0.001* p0=0.001* p0=0.001* p0=0001: p0=0006** .

) TaTUCTMY- p1=0.054 p1=0.016 p1=0.021* |p1=0.001
TeepmkenHa COVID-19 | o0 o p2=0.054 p2=0.099  |p2=0.010* |p2=0.001*
AO3BONAIOTE — BUKOPU- | yiicry, (p) p3=0.016* | p3=0.099 p3=0.681 | p3=0.001*
CTaT [AHWI MOKA3HWK p4=0.021*  |p4=0.010* | p4=0.681 p4=0.006*

3 MEeTOK NPOrHO3yBaH-
HA nepebiry LC (Tabn.
2).

Taki pesynbtatm
CBiAYaTh MpO 3any4vyeH-

Mpumitkn: pO — NOPIBHAHHA i3 rPYNOK YMOBHO 340p0BUX OCib, p1 — MOPIBHAHHA i3 | Nigrpynoto, p2 — NopiBHAHHA
i3 Il nigrpynoto, p3 — nopisHaAHHA i3 |l niarpynoto, p4 — nopisHaAHHA i3 IV niarpynoto, * — goctosipHa pi3HuUA 3a
KpuTepiem CTbiogeHTa (Npu HopmanbHoMy po3nogini) / Maxa-YitHi (npu po3nogini, Wwo He Bianosigas Hopmalsib-

HOMY).

HA CP oo imyHHOI BigNOBIAI Ha PiBHI iHWMX

nposananbHMX LMTOKIHIB Ta iX MocTynose lpyna 3 Long COVID | Tpyna nopiBHAHHA
3HUMKEHHS, IKE KOPE/HOE 3i 3HUMKEHHAM BU- OujiHeHi napameTpu (n-35) (n-42)
PA3HOCTI KNiHIYHOI KapTUHU Ta CKOPOYeH- Ro p Ro p
HAM KiIbKOCTi CKapr y BigganeHomy nepio- |Bik 0,013 0,943 -0,025 | p=0.874
Ai nicna COVID-19 [2]. TepmiH niaTeepa)eHHa COVID-19 | -0,611** | 0,001 -
Cuposatkosuit CP  6yB CTaTUCTUYHO |JlelikoumTh 0,617** | 0,001 |0,511** | p=0.001
3HAYYLWMM i NPAMO KOpentoBas i3 piBHEM |c|3 0,468** | 0,005 |0,395** | p=0.010

NenkouuTis y obox rpynax (6,23 (5,30-7,10)
x10° /n — y pocnigskysaHin rpyni Ta 5,91

Tabnuusa 2 — Kopensuia CnipmeHa (Ro) cupoBaTKkoBOro
LepynonnasmiHy i3 iHLULMMKU NOKa3HUKaMK

Mpumitku: Ro — Kopenauis no CnipmeHy; «-» — 3B0OPOTHA; * — 3HauMmicTb p<0,05; **
3HaymMmicTb p<0,01.
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TNF [1]. Takum YnHom, cnpoBaTkoBUin CP MOXKHa BUKO- 2. CMpOBATKOBUI LLEPY/IONIa3MiH 3a/1y4yaeTbca A0
PUCTOBYBATW Ha PIiBHI iHWMX NPO3anajbHUX LUMTOKIHIB  IMYHHOI BiANOBIAl Ha PiBHI IHWWX LWTOKIHIB y XBOPUX
Ta iHAeKciB 3ananeHHa (CI3), ak 6iomapkep nepebiry LC.  Ha Long COVID Ta 3HWUKyeTbCA y NisHilWi TepmiHK nicas
[na BU3HAYEHHA BUPA3HOCTI iMyHHOI BigNOBIAI, NPOrHoO- COVID-19. . ]

3yBaHHA TPUBANOCTI KAIHIYHUX CUMATOMIB, ix KinbkocTi, 3+ CVPOBATKOBMIA LIEPYNON/asMiH MPAMO KOPENioe
VCKNa/IHEHb, [aHMil NOKA3HUK MOXe ByT BuKopucra- |3 PIBHEM JIBVIKOLUTIB, CyMApHUM iHAGKCOM 3ananeHHs,

Ny . S v MOKEe BMKOPUCTOBYBATUCA fAK HiomapKep BMPA3HOCTI
HMM.HK Ha. eTani nepBMHHOro iHdikysaHHs SARS-CoV-2 iMyHHOT BiANOBIAl Ta NpOrHO3yBaHHA nepe6iry Long
TaK i B nepiog LC. COVID

o .
He 6yno BMABNEHO KOpenAaTMBHMX 3aB’s3kiB CP i3 MepcnekTUBM NOAANbLIMX AOCNIAXKEHD.

BiKOoM y xBopux Ha LC (p>0,05) (tabn. 2). BW3HauyeHHA pPiBHA CMPOBATKOBOIO LLEPY/I0MN/Ia3mMiHy
BUCHOBKMU. y 6inblw BigaaneHi nepiogn Long COVID 3 meToto BM3Ha-
1. Ha Long COVID xBOpitoTb YacTilue XiHKM ¥ Bii 43,2 yeHHA miLuHOCTI Kopenauii i3 enigemionorivHnmm Ta Ki-
(34 — 53) poky. HiYHMMK ocobnunBocTaAMM Nepebiry Heayru.
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CUPOBATKOBMWM uepynonnasmiH AK NPOrHOCTMYHMIA NOKasHUK Nepebiry Long COVID

CaeHko O. C., Yemunu M. 4.

Pestome. 36epexeHHA CKapr YM BUHWKHEHHA HOBMX nicna COVID-19 Hapasi ycim Bigoma Heayra, Ak Long
COVID. MNpoTe, Wwe He iCHYE EANHOIO NIATBEPAKEHOrO NATOreHEeTUYHOro0 MexaHi3amMmy BUHUKHEHHSA LMX CUMMATOMIB.
B OCHOBi iMyHONOriYHMX 3MiH Y BigNOBiAb Ha BipycHe HaBaHTa*keHHA SARS-CoV-2 € 3miHM y T-KAITUHAX, 3HUKEHHA
CD4+ i CD8+, niasuweHHs ekcnpecii iHTepdepoHis Tuny | Ta lll, 36inblIeHHA KiNbKOCTi MOHOLMTIB, NiABULLEHI PiBHI
LMTOKIHIB, LLepy10n1a3miHy.-

06’ekm i memoou OocnioreHHA. ObcTexkeHUx Byno nogineHo Ha Agi rpynu: xsopi Ha Long COVID (n — 35)
Ta K/iHIKO-aHaMHEeCTUYHO 340p0Bi 0cobu (n — 42). Ycim JocniaxKyBaHUM MPOBOAMBCA 3arajbHWI aHani3 Kpos.i,
BM3HAYEHHA PIBHA LEepynonaasmiHy CMPOBATKM KPOBi TypOOAMMETPUYHMM METOAOM, a TaKOXK 0bpaxoByBaBCsA
CYMapHWI iHAeKc 3ananeHHa. Mig yac cTaTucTMyHOi 06pobKM faHux KpuTepii 6yan BU3HAHI AOCTOBIPHO 3HAYYLLMMM
npu p<0,05. MegaiaHa (Me), 25-11 i 75-11 KBapTWUAi BUKOPUCTOBYBAIUCA 418 ONMUCY KiNIbKICHUX MOKa3HMKIB.
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Pe3ynemamu. Po3nogin 3a cTaTTio y rpynax 6yB HepiBHOMIPHUM, NepeBaykanu }KiHKu. BinbLicTb pecnoHAeHTiB Ha
MOMEHT ONUTYBaHHA nepexsopinv Ha COVID-19 3-6 mic. Tomy (49%), W0 BiANOBIAAN0 NOWMpPEHHIO WTamy Omicron.
Llepynonnasmid y rpyni nauieHTtis xsopux Ha Long COVID (47,86 (39,00-50,00) mr/an) y 2 pasv nepesullyBas
BiAMOBIAHWI NOKa3HMK MOPIBHAHO 3 FPYMNOK YMOBHO 340p0Bumx ocib (23,95 (19,00-29,25) mr/an) (p<0,05). Cnocre-
piranoca nigsuLLEHHA PiBHA Lepynonaas3miHy y NaLieHTIB 3 KOPOTWMM Nepiogom nicna 3axsoptoBaHHA Ha COVID-
19, BignosigHo yepes 12 mic. Ta binble BiH 3HMXKYBaBCA Ha 45% NopiBHAHO i3 3 mic., Ha 25% — i3 3-6 mic. (p<0,05).
PiBeHb Lepy/ionnasmiHy NPAMO KOPEsoBaB i3 KiNbKICTIO NeMKOUUTIB Ta CyMapHUM iHAEKCOM 3anasieHHsa B 060X
rpynax (p<0,05).

BucHosKu. CpoBaTKOBWUI LLepy/10naa3mMiH 3a1y4aeTbCa A0 iMyHHOI BigNoBiAi Ha PiBHI IHWMX LUTOKIHIB Y XBOPUX
Ha Long COVID, BMmicT MOro npAmMo Kopentoe i3 piBHEM NENKOLUTIB, CYMapHMM iHAEKCOM 3ananeHHA Ta 3HUMKYETbCA
y Mi3Hiwi TepmiHn nicna COVID-19.

Knwouosi cnosa: COVID-19, Long COVID, iHTOKCUKALLiA, 3ananeHHA, iIMyHONOTiA, Lepynonaa3miH, Kopenawia, npo-
rHO3YyBaHHA, 340pOB’A.

SERUM ceruloplasmin as a prognostic indicator of Long COVID

Saienko O. S., Chemych M. D.

Abstract. The persistence of complaints or the emergence of new ones after COVID-19 is now known as Long
COVID. However, there is no single confirmed pathogenetic mechanism for these symptoms. The immunological
changes in response to SARS-CoV-2 viral load are based on changes in T cells, decreased CD4+ and CD8+,
increased expression of type | and type Il interferons, increased monocyte count, elevated levels of cytokines, and
ceruloplasmin.

Object and methods of research. The subjects were divided into two groups: patients with Long COVID (n — 35)
and clinically and anamnestically healthy individuals (n — 42). All subjects underwent a complete blood count, serum
ceruloplasmin level by turbodimetric method, and a total inflammation index was calculated. During the statistical
processing of the data, the criteria were considered significantly significant at p<0.05. The median (Me), 25th and
75th quartiles were used to describe quantitative indicators.

Results. The gender distribution in the groups was uneven, with a predominance of women. The majority of
respondents at the time of the survey had been ill with COVID-19 3-6 months ago (49%), which corresponded to
the spread of the Omicron strain. Ceruloplasmin in the group of patients with Long COVID (47.86 (39.00-50.00)
mg/dl) was 2 times higher compared to the group of conditionally healthy individuals (23.95 (19.00-29.25) mg/dl)
(p<0.05). An increase in ceruloplasmin levels was observed in patients with a shorter period after COVID-19 disease,
respectively, after 12 months or more it decreased by 45% compared with 3 months, by 25% — from 3 to 6 months
(p<0.05), Ceruloplasmin levels were directly correlated with the number of leukocytes and total inflammation index
in both groups (p<0.05).

Conclusions. Serum ceruloplasmin is involved in the immune response at the level of other cytokines in patients
with Long COVID, its content directly correlates with the level of leukocytes, total inflammation index and decreases
in the later stages after COVID-19.

Key words: COVID-19, Long COVID, intoxication, inflammation, immunology, ceruloplasmin, correlation,
prediction, health.
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