PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OQOCIIAHUX POBIT

UDC: 616.98:578.834.1-036:616.921.8-085.373.3]-053.2 PECULIARITIES OF THE COURSE
DOI: 10.24061/2413-4260.X111.4.50.2023.7 OF COVID-19 IN SCHOOL-AGE CHILDREN
AS A FUNCTION OF HUMORAL IMMUNITY

H. Pavlyshyn, O. Panchenko, K. Kozak AGAINST PERTUSSIS

1. Horbachevsky Ternopil National Medical University
(Ternopil, Ukraine)

Summary

Coronavirus disease remains one of the most serious diseases in the world. The percentage of severe and fatal cases in
children is lower than in adults. The search for biomarkers of disease severity continues. There is evidence of heterologous
immunity between the causative agent of coronavirus infection and some other infectious agents. Both Bordetella pertussis and
SARS-CoV-2 cause damage to the respiratory system. It should be noted that the incubation period and transmission mechanism
are similar for these two microorganisms. Pertussis vaccinations are given in childhood.

The purpose of the study is to find the charcteristics of the course of COVID-19 in school-aged children depending on the
state of humoral immunity against pertussis toxin, assessing their level of immunoglobulin G against pertussis.

Material and methods. 92 pediatric patients aged 6 to 17 years were studied, including 30 children without signs of the
disease in the control group and 62 children with manifestations of laboratory-confirmed COVID-19. The clinical features of the
disease and laboratory indicators (C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cells, D-dimer)
were evaluated, as well as the levels of free salivary cortisol and vitamin D. According to the severity of the disease, 3 groups
were formed.: the first — 20 children with a mild course of COVID-19, the second — 33 patients with a moderate course of the
disease, the third — 9 with a severe course of the disease.

All children were tested for immunoglobulin G (Ig G) to pertussis toxin by enzyme-linked immunosorbent assay (VIROTECH
B. pertussis PT Ig G ELISA, Riisselsheim, Germany). The result was considered negative (no increase in the titer of specific class
G antibodies to pertussis toxin), borderline, and positive (there is an increase in the titer of immunoglobulin G to pertussis toxin).

Statistical analysis was performed using the program «Stat Plus» (Shapiro-Wilk test, mean + SD (standard deviation) with
correct distribution of characteristics, median, upper and lower quartiles with incorrect distribution, Chi-square test, Man-
Whitney test, Fisher's test).

The study was conducted in accordance with the rules of patient safety and ethical principles of scientific medical research
involving human subjects (2000). The permission to conduct this study was given by the Bioethics Commission (Protocol No. 61
of 13.11.2020). The parents (legal representatives) of the patients gave their written consent to the conduct of this study.

This study is a fragment of research work «An Integrated Approach to Symptom Control, Long-Term Prognosis in the Context
of Comorbid Pathology in the Clinic of Internal Diseases and Family Doctor Practice» (state registration No. 0118U000361).

Results. The mean age of the patients was 11.57+3.82 years. The study groups did not differ in sex (x2=4.97, p=0.174) and
age (p=0.490) composition.

The level of humoral immunity against pertussis toxin differed significantly between the study groups. A positive and borderline
result for the presence of specific immunoglobulin G to tetanus toxin was found in 75.86 % of children without signs of disease. At
the same time, only 41.51 % of children with COVID-19 manifestations had a positive and borderline result (p=0.005). A positive
and borderline result for the presence of specific immunoglobulin G to tetanus toxin was seen in 66.67 % of children with mild
infection, 33.33 % of patients with moderate disease, and only 12.50 % of patients with severe disease (X*=16.91, P=<0.001).

Children with a negative result for immunoglobulin G to pertussis toxin have significantly higher WBC count (1.3-fold), ESR
(2.4-fold), D-dimer (3.4-fold), and CRP (1.5-fold) compared to patients with positive and borderline levels of these antibodies.
In children with a negative result, there was a 6.25-fold increase in salivary free cortisol (p<0.001) and a 2.0-fold decrease in
vitamin D levels (p<0.001).

Conclusions. In children with COVID-19 manifestations, there was a significantly higher percentage of negative test results
for the presence of IgG to pertussis toxin compared to the control group, indicating a lower level of humoral immunity to tetanus
in this group of patients. In children with mild disease, there was a significantly higher percentage of positive and borderline
test results for the presence of I1gG to pertussis toxin (indicating a higher level of humoral immunity against this pathogen)
compared to the groups of children with moderate and severe disease. The absence of specific immunoglobulins G to pertussis
toxin is associated with an increase in the level of pro-inflammatory markers (leukocyte count, ESR, CRP) and D-dimer, which
also indicates a more severe course of COVID-19. Patients who are negative for pertussis toxin antibodies have elevated cortisol
levels as a marker of stress and decreased vitamin D levels. Both biologically active substances are involved in the immune
response to infectious agents and may serve as additional non-specific markers of COVID-19 severity. Therefore, low humoral
immunity to pertussis contributes to the increase in COVID-19 severity in childhood.
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Introduction coronaviruses. Such data exist for Bordetella pertussis,

Coronavirus disease remains one of the most serious
diseases of mankind with a high percentage of complications
and mortality. The pediatric population has a lower
percentage of complications and mortality compared to
adults [1, 2]. Some microorganisms are cross-immune to

the causative agent of pertussis, which was a formidable
disease in childhood before the advent of specific vaccine
prophylaxis. Pertussis, like coronaviruses, is a respiratory
disease. Common epidemiologic features are the length
of the incubation period, the mode of transmission and
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the possibility of asymptomatic carriage. In the world
literature there is information about a milder course of
influenza, respiratory syncytial infection associated with
the formed post-vaccination immunity against pertussis [3,
4]. Since pertussis vaccinations are mainly administered in
childhood, studying the course of COVID-19 in relation
to the state of humoral immunity against pertussis may be
of great importance for predicting the severity of disease
caused by COVID-19 and the risk of its recurrence.

The purpose of the study was to find the features
of the course of COVID-19 in children depending on the
state of post-vaccination immunity against pertussis toxin,
assessing their level of humoral immunity against pertussis.

Material and methods

Actotal of 92 children aged 6 to 17 years were examined,
including 30 children without signs of the disease (the
control group) and 62 children with manifestations of
laboratory-confirmed COVID-19. Clinical features of
the disease, laboratory indicators (C-reactive protein,
ESR, D-dimer, leukocytes), and levels of free salivary
cortisol and serum vitamin D were assessed. Criteria for
mild COVID-19 course were subfebrile fever, diarrheal
syndrome without signs of dehydration, catarrhal syndrome
without lower respiratory tract involvement, and changes in
taste or smell. Moderate course criteria were hyperthermia
above subfebrile, signs of dehydration, and signs of
pneumonia without disturbing saturation. Patients with
severe disease were treated in the intensive care unit,
had signs of severe respiratory failure, and required
supplemental oxygen; no patients died.

Qualitative determination of immunoglobulin G
levels against pertussis toxin was performed by enzyme
immunoassay (VIROTECH B. pertussis PT Ig G ELISA,
Riisselsheim, Germany). According to this semi-quantitative
method, the result is evaluated as negative (no increase in the

titer of specific class G antibodies against pertussis toxin),
borderline (there is an increase in the titer of immunoglobulin
G against pertussis toxin), positive (very high titer of G
antibodies against pertussis toxin). This technique is based
on the determination of the antibody index [5, 6].

Statistical analysis was performed using Stat Plus
[7,8] (Shapiro-Wilk tests, mean + SD in case of correct
distribution of measurements, median, upper and lower
quartiles in case of incorrect distribution, Chi-square test,
Mann-Whitney test, Fisher test).

The study was conducted in accordance with the
rules of patient safety and ethical principles of scientific
medical research involving human subjects (2000). The
permission to conduct this study was given by the Bioethics
Commission (Protocol No. 61 of 13.11.2020). The parents
(legal representatives) of the patients gave their written
consent to the conduct of this study.

This study is a fragment of research work «An Integrated
Approach to Symptom Control, Long-Term Prognosis in
the Context of Comorbid Pathology in the Clinic of Internal
Diseases and Family Doctor Practice» (state registration
No. 0118U000361).

Results and discussion

The mean age of the patients was 11.57+3.82 years.
The mean age of patients in the control group was 11.57 +
3.27[95 % C110.18; 12.95] years, the first group (children
with mild disease)—12.00 £ 3.92 [95 % CI 10.31; 13.69]
years, the second group (moderate disease)—11.55 +4.05
[95 % CI1 10.19; 12.91] years, the third group (patients with
severe disease) —9.67 £ 4.39 [95 % CI 7.14; 12.19] years
(p=0.490). There was no significant difference in gender
composition (x>=4.97, p=0.174) between the study groups.

The status of humoral immunity against pertussis
toxin in patients in the control group and in children with
manifestations of SARS-CoV-2 infection is shown in
Table 1.

Table 1

Presence of immunoglobulins G against pertussis toxin in children of the control group and in patients with
manifestations of SARS-CoV-2 infection

Presence of immunoglobulin G to | Control group,

Children with manifestations of

pertussis toxin n=30 SARS-CoV-2 infection, n=62 P=0.005
Negative result 2414 % 58.49 %
Borderline and positive result 75.86 % 41.51 % —Astatistically significant

difference

In the control group, positive and borderline results for
antibodies to pertussis toxin are 1.8 times more frequent than
in the group of children with manifestations of COVID-19.

The state of humoral immunity against pertussis toxin
in patients with different courses of COVID-19 is shown
in Table 2.

Table 2

Presence of immunoglobulins G against pertussis toxin in children with manifestations of COVID-19

Presence of

The first group

The second group

The third group

positive result

immunoglobulin G (mild course of (moderate course (severe COVID-19), X?=16.91
to tetanus toxin COVID-19), n=20 COVID-19), n=33 n=9 P=<0.001"
Negative result 33.33 % 66.67 % 87.50 %
Borderline and 66.67 % 33.33 9 12.50 % — Statistically significant

difference
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As the severity of the disease increases, the number
of children with borderline and positive results of specific
immunoglobulin G against pertussis toxin decreases.

The number of leukocytes, ESR, D-dimer and CRP
depending on the presence (absence) of specific immuno-
globulins G against pertussis toxin are shown in Table 3.

Table 3

WBC (white blood cell) count, ESR and D-dimer, and CRP depending on the results of specific immunoglobulins
G against pertussis toxin

Immunoglobulins G to White blood cell ESR, D-dimer, CRP,
pertussis toxin count, 1091 mm/hour ng/mi mg/|
Negative result 7.80 12.00 259.00 5.20
[4.65; 12.67] [4.00; 17.00] [103.70; 444.55] [3.00; 13.97]
Borderline and positive result 580 5.00 76.00 3.40
[4.60; 7.40] [3.00; 7.50] [45.30;98.00] [2.60; 4.30]
P=0.008" P<0.001 P<0.001" P=0.004"

Note: * — Statistically significant difference

In children with a negative result of specific
immunoglobulin G against pertussis toxin, the values of
leukocyte count (1.3 times), ESR (2.4 times), D-dimer (3.4
times) and CRP (1.5 times) are significantly higher than
in borderline and positive patients, which indicates a more
severe course of the disease.

Increased cortisol levels [9-16] and decreased vitamin
D levels [17-18] have been found in children with more
severe disease.

The mean levels of salivary free cortisol and serum
vitamin D in children with different results of specific
class G antibodies to pertussis toxin are shown in Table 4.

Table 4

Mean levels of free salivary cortisol and vitamin D in children with the different result of specific class G
antibodies to pertussis toxin

Negative result

Borderline and positive result

1.00

Free salivary cortisol, mcg/dl [0.70; 1.05]

0.16

[0.11; 0.35] P<0.001

13.59

25-OHvitamin D, ng/mi [11.00; 17.42]

27.49

[22.05; 31.59] P<0.001

Note: * — Statistically significant difference

In children with negative results for specific
G-antibodies to pertussis toxin, there was a 6.25-fold
increase in salivary free cortisol and a 2.0-fold decrease
in vitamin D levels.

The number of severe and fatal cases in children with
COVID-19 is significantly lower than in adults [19]. There
is also evidence that some vaccines received by children
may provide cross-protection against the causative agent
of coronavirus disease [8, 20]. In the world, there is a term
«heterologous non-specific effects of vaccines» (in other
words, «off-target effects») — this is their effect on the
body’s immune response, which is different from their
direct purpose. In 2015, the conference «Off-target effects
of vaccination» was held in Annecy, France. There is
growing evidence that vaccines can affect diseases other
than those for which they were designed [21]. Such data
are available for BCG, measles, mumps, rubella, diphtheria
and tetanus vaccines [22]. Children are better protected
against COVID-19 in countries with higher indicators of
vaccination against so-called childhood infections [23].
The world scientific community has not yet been able
to fully explain this phenomenon. Some peptides of the
acellular pertussis vaccine are similar to SARS-CoV-2
peptides, i.e. it is possible to develop a cross-immune
response against these two infections simultaneously [24,
25]. Another study [26] demonstrated a milder course of

SARS-CoV-2 infection in mice vaccinated with pertussis
vaccine. There are also data on the activity of this vaccine
against adenovirus and herpes viruses in mice [22-24].
These preliminary findings provide much hope for future
research to eliminate large-scale outbreaks of COVID-19
and predict the course of this disease.

The study of the possible protective role of antitoxic
immunity against pertussis can be done in several steps:
The first step is the study of epidemiological data (collection
of information on previous vaccinations against pertussis,
comparison of the incidence of COVID-19 in countries with
different levels of non-specific vaccination); the second step
is the determination of the level of specific immunoglobulins
G against pertussis in patients with different courses of
coronavirus disease, which was the case in our study; The
next steps are molecular and cellular studies [27, 28], testing
of cross-reactivity between antibodies and T cells induced by
SARS-CoV-2 and pertussis, in vivo experiments in animals
that first develop immunity against pertussis by specific
vaccination, followed by infection with SARS-CoV-2 and
study of'its course, clinical trials (independent clinical trials
are currently underway to assess the course of COVID-19
in vaccinated and unvaccinated health care workers against
pertussis [29].

Low vitamin D levels and elevated cortisol levels are
also seen in more severe COVID-19 [30, 31] and may
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serve as additional non-specific prognostic biomarkers of
disease severity.

Conclusions

1. The number of children with specific antibodies to
pertussis toxin was 1.8 times higher in the control group
than in the group of children infected with COVID-19.

D-dimer, which also indicates a more severe course [7] of
disease caused by COVID-19.

4. Pediatric patients with negative results for pertussis
antibodies have elevated levels of cortisol as a marker of
stress and decreased levels of vitamin D. Both biologically
active substances are involved in the immune response to
infectious agents and may act as additional non-specific

2. In children with different courses of coronavirus
disease, an increase in its severity is associated with an increase
in the percentage of negative results for pertussis toxin in
children. Children with negative results for specific pertussis
immunoglobulin G have a more severe course of COVID-19.

3. The negative results for specific pertussis immuno-
globulins G are also associated with elevated levels of pro-
inflammatory markers (leukocyte count, ESR, CRP) and

markers of COVID-19 severity.
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OCOBJIMBOCTI IIEPEBITY COVID-19 ¥V JITEH IIKILJIBHOI'O BIKY 3AJIEAHO BIJ I'YMOPAJIBHOI'O
IMYHITETY NPOTH KAILJIIOKY

I. A. Ilagnuwun, O. 1. Ilanuenxo, K. B. Kozax

TepHoniibcbKUii HanioHAJIBLHUIT MenuHUil yHiBepcuTeT imeHi L. SI. Top6aueBcskoro MO3 Ykpainu
(M. TepHominb, Ykpaina)

Pesrome.

KoponagipycHa XxBopo0Oa 3aJIHIIaeThesl OAHIEI0 3 HABAXKUUX Yy CBITi. BiZICOTOK BaXKKHX 1 JIeTaIbHUX BUMAKIB Cepe/] AiTel HIDKIMI,
HDK y gopociux. TpuBae mouryk 6iomapkepis, sIKi BKa3ylOTh Ha TSDKKICTh mepediry 3axBoproBaHHs. € qaHi PO HasSBHICTH FeTEPOIIO-
riYHOro IMYHITETY MiX 30yIHHKOM KOpoHaBipycHOT iH(eKil Ta neskumu iHmuMy iHekuiiinnmu arenramu. | Bordetella pertussis,
i SARS-CoV-2 npu3BozsTh 10 ypaxkeHHs AuxanbHoi cucremu. Ciiiji 3a3Ha4nTH, 110 1HKYOAIIHHUI TIepiof 1 MexaHi3M nepeaadi moaioHi
JUTSL LUX JIBOX MIKPOOPraHi3MiB. Y AUTSYOMY Billi IPOBOASATD LISTICHHS IPOTH KALILITIOKY.

Meta gocaizkennsi: 3’sicyBatu ocodiuBocti nepebiry COVID-19 y aiteif 3aneHo Bijfi cTaHy MOCTBAKIMHAIBLHOIO IMYHITETY
MIPOTH KAIIUTFOKOBOTO TOKCHHY, OLIHIOIOYH y HUX PiBEHb T'yMOPAIbHOIO IMyHITETY MIPOTH KaIILTIOKA.

Marepian Ta Metoau gociaimkenns. Oocrexeno 92 nuTuHH BikoM Bif 6 10 17 pokis, 3 Hux 30 giTeil 6e3 03HAK 3aXBOPIOBAHHS
CTaHOBHJI KOHTPOJIBHY TpyILy, 62 anTrHu Oyiu 3 mposiBamu jiaboparopHo miareeppkeHoro COVID-19. OuintoBaBest KiliHiuHUI nepedir
3aXBOPIOBaHHs Ta AesiKi labopaTtopHi nokasuuku (C-peaktuBuuii 6ok (CPB), mBuakicts ocinanns eputpouuriB (LLIOE), kinbkicTh
nelKonuTiB, [I-anmep), a TAKOXK PiBEHB BIIbHOIO KOPTU30ITY CIIMHHM Ta BiTaminy J[. 3a BaxkicTio riepediry 3aXBOoproBaHHs ChOPMOBAHO
3 rpynu: nepura—20 giteid 3 nerkum nepedirom COVID-19, apyra rpymna— 33 nauieHTiB 3 cepeiHbO-THKKUM I1epediromM 3aXxBOPIOBaHHS,
TpeTsi — 9 13 BaKKUM mepedirom.

VYeim nitsm npoBeaeHo Bu3HaueHHs piBHs imyHor1o0yniny G (Ig G) npoTH KalutloKOBOrO TOKCHHY METOIOM iMyHO()EPMEHTHOIO
ananizy (VIROTECH B. pertussis PT Ig G ELISA, Russelsheim, Germany). Pe3ynbrar omintoBascst sik negative (BiJICyTHE IiIBHIICH-
Hs1 TUTPY cretniuHuX aHTUTLI Kiacy G 10 KalLIIOKOBOro TOKCHHY), borderline (HasiBHE migBHILEHHS TUTPY iMyHODIOOyniHiB G 10
KaIIUTIOKOBOT'O TOKCHHY), POsitive (Iy>ke BUCOKHI THUTP aHTHTLI G 0 KaIUTIOKOBOTO TOKCHHY).

CrarucTuuHumii aHasi3 3iiCHIOBABCsI 3a JOoMoroto rporpamu «Stat Plusy (kpurepiii Llanipo-Binka, Mean £+ SD npu npaBHiibHOMY
PO3IMOAINI 03HAK; ME/liaHa, BEPXHiil Ta HUKHIM KBAPTHIII IIPU HEMPABUIBHOMY PO3MO/LT, KpUTepiii X2, kputepiid MaHa-YiTHi, TouHnit
kpurepiii Dimepa).

ITix yac npoBeieHHs: poOOTH IOTPUMaHI IpaBuiIa OE3MeKy MaIi€HTIB Ta eTUYHUX IPHHIUIIIB MPOBEACHHS HAYKOBUX MEIHYHUX
JocIipKeHb 3a ydacTio jroxunaud (2000 p.). Komicist 3 GioeTnky Hajana 03B HA IPOBEACHHS [[OTO A0CIIKeHHs (poTokoi No 61
Bix 13.11.2020). Batbku (3aKoHHI [IPeICTABHUKH ) MALIEHTIB HAJaIM MMCbMOBY 3rO/ly Ha MPOBEACHHS JTAHOTO J0CIIIIKESHHSI.

Hane pocnimkeHHs € pparMeHToM HayKoBO- HOCiigHOT poboTi «KoMIUIeKCHUI MiIXig 0 KOHTPOIIIO CHMIITOMIB, BiJIaIeHOTO
MPOTHO3y B YMOBaX KOMOPOiAHOI 1MaTosorii B KIIHILI BHYTPIIIHIX XBOPOO Ta MPaKTHUI cCiMeitHOTO JiKkaps» (Iep)KaBHa peecTparis
Ne 0118U000361).
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Pe3yabraTtn nocaimkennsi. Cepenniii Bik namienTiB cranoBus 11,5743,82 poxn. CepenHiii Bik manieHTiB KOHTPOIBHOI TpynH OyB
11,5743,27 [95 % CI 10,18;12,95], mepmroi rpymu (AiTH 3 JeTKuM niepedirom 3axpoproBanHs) — 12,00£3,92 [95 % CI 10,31;13,69],
Jpyroi rpynu (cepeAHbOBaXKKHUI repedir 3axBoprosanns) — 11,55+4,05 [95 % CI 10,19;12,91], TpeTsoi rpynu (MamieHTH 3 BaXKKUM
nepebirom) — 9,67+4,39 [95 % CI 7,14;12,19] pokie (p=0,490). He Gy;io noctoBipHoi BixmMiHHOCTI Mk crareBuM (x*=4,97, p=0,174)
CKJIQJIOM y TpyHax AaHOTO JOCIIPKSHHSL.

PiBeHb TyMOpANBEHOTO IMYHITETY HIPOTH TOKCHHY KallTIOKA JIOCTOBIPHO BiJPI3HSBCS y TPyIax IMOPIBHAHHS. Y KOHTPOJIBHIN Ipymi
(mitm Ge3 o3HaK 3axBOpIoBaHHA) ¥ 75,86 % Bunazakis OyB borderline and positive pe3ynsrar Ha HassBHICTb CHEIM(BIIHIX IMyHOIIOOYITiHIB
G 110 mpaBLEBOTO TOKCHHY, TOAI SIK y aiTelt 3 mposBamu COVID-19 e y 41,51 % (p=0,005). I1pu mopiBHSHHI TPHOX TPYTI MaLi€HTIB
3 COVID-19 y nepuriii rpymi (aiTa 3 IerkuM nepediroM iHdekii) positive and borderline pe3ynbrar Ha HasSBHICTS CHIEU(ITHIX IMyHO-
1o0y:tiHIB G 10 MPaBIEBOTro TOKCHHY OyB Y 66,67 %, y npyriit Tpymi (IiTH i3 cepeTHb0BaXXKUM 1epedirom 3axBoproBanus) —y 33,33 %
Mali€eHTiB, y TpeTiil rpymi (Baxkkuii mepedir xBopoou)— 12,5 % (X*>=16,91, p<0,001). Y miteii 3 HeraTHBHUM pe3y/IbTaTOM Ha HasBHICTh
iMyHOTI00YIiHIB G IPOTH TOKCHHY KAILTIOKA JOCTOBIPHO BiJIMIYAIOTHCS BUIII TIOKA3HUKH KiTBKOCTI JelkonuTis (B 1,3 pasm), IIIOE
(8 2,4 pa3n), I-mumepy (B 3,4 pa3u) ta CPb (B 1,5 pa3n) nopisHsHO i3 nmanientamu positive and borderline piBaem 1ux antutin. Y i-
Tel 3 BiZICYTHICTIO criennigHuX aHTHTLUT G 10 KAIITIOKOBOTO TOKCHHY JOCTOBIPHO B 6,25 pa3iB BiMI4a€eThCs 301IBIICHHS TOKA3HUKA
BiNbHOTO KopTH3oiy ciuan (p<0,001) Ta y 2 pa3n 3MenmeHHs piBas Bitaminy /1 (p<0,001).

BucunoBku. Y rpymi giteit 3 mpossBamu COVID-19 criocTepiraBcst JOCTOBIPHO OUIBIIHIA BiICOTOK HETaTHBHOT'O Pe3yNbTaTy TECTy Ha
HasiBHICTB [gG MpOTH TOKCHHY KallTFOKa ITOPIBHSHO 3 KOHTPOJIBHOIO IPYIOI0, 1[0 BKAa3y€ Ha HIDKIHI PiBEHb TyMOPAIEHOTO IMYHITETY
MIPOTH KaIlTIOKa y JAQHOI TPyNHU MalieHTIB. Y AiTeH 3 JISTKUM IepediroM 3aXBOPIOBAHHS BiMidaBcsl JOCTOBIPHO OLTBIINIT BiICOTOK
TIO3UTHBHOTO PE3yJITaTy TECTY Ha HAsIBHICTH IgG MPOTH TOKCHHY KalllTIOKa, IO CBIUYUTH PO BUIIMH PiBEHb I'yMOPAJIBHOTO IMyHITETY
IIPOTH IAHOTO 30y/IHHKA, TIOPIBHSHO 3 TPyNaMH JiTeH i3 cepeJHhOBaXKKIM Ta BasKKUM rtepebirom 3axBoproBanHs. Ha ¢oni BixcyTHOCTI
crnerudivHuX iMyHOIII00YITiHIB G 0 KAIIUTIOKOBOTO TOKCHHY BIIMIYa€ThCS 3pOCTAHHS PIBHS IPO3arabHUX MapKepiB (KUIBKOCTI JIeH-
xorurtiB, LIIOE, CPB) Ta I-aumepy, o CBiqUUTH PO OUIBII Baxkkuil mepebir 3axBoproBanHst, BUKIHKaHoro COVID-19. V nanienTis
JUTSYOTO BIKYy 3 HeTaTHBHUM PE3yJIGTaTOM Ha HAsBHICTH aHTHTLI CIIOCTEPITaeThes MiABUICHUH PiBEHb KOPTHU30ITY, SIK Mapkepa CTpecy,
Ta 3MEHIICHHS piBHA BitaMiHy J[. O6naBi 6i0NOriYHO aKTHBHI PEUOBHHU OEpyTh y4acTh B IMyHHIH BINOBIiNl Ha iH(QEKNiiHI areHTH Ta
MOXXYTh BHCTYIIAaTH JOJATKOBHMH Hecrienndiuanmu Mapkepamu Baxkocti COVID-19. To6to Ha GoHI HIDKIOTO PiBHS I'yMOPaIbHOTO
IMyHITETY TIPOTH KaIITIOKA CIOCTEPIraeThCsl 3pOCTAHHS BaXKKOCTI 3aXBopioBaHHs, crippanaeHoro COVID-19.
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