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Pe3rome

Axmyanvnocms.  BO3MOXHOCTE  300HO3HOM II€peayd  BBICOKONATOTEHHBIX
HITAMMOB KOPOHABUPYCOB YEJIOBEKY HE BbI3bIBAJIA OOJBIION 0OECIOKOEHHOCTH Y
MEUITMHCKUX PAOOTHUKOB, YTO CTAJI0 HEOXKMIAHHOCTHIO WM MPHUBEIIO K MMaHIEMUN
BecHOoM 2020 roma, BbI3BaHHOW KOpoHaBupycHOW uHpekimend. Ocenpro 2023 T.
Ha0JII01AJIOCh YBEJIMYEHUS KOJIMYECTBA MH(UIIMPOBAHHBIX IS
KopoHaBupycHoil uH(peknuen. B 2024 romy HaOMIOMAOTCS BCHBIIIKH TPUIIIA,
XapaKTepU3yLIMeCs: BOJTHOBBIM H3MEHEHUEM TEMIIEPATYPhI, YTO MOKET TOBOPUTH
0 MOSIBJIECHWH HOBOT'O ITaMMa BUpyca. B HacTosee BpeMs NpeICTaBIsET HUHTEPEC
U3y4eHHUE TIOCIEACTBUI BIMAHHUS HOBOM KOPOHABUPYCHOW HWH(MEKIHH Ha
UMMYHHYIO cucTeMy uenoBeka. K HacTosieMy BpeMeHu ObUTH U3y4eHbl UMMYHHbBIE
OTBETHI  OTJCIBHBIX IMAapaMETPOB  JIEUKONMUTAPHOU (OpMYyNIBl KpPOBH, HO
COBOKYITHOMY BO3JEHCTBHIO YAEJIEHO HEAOCTATOYHO BHUMAHUS, B CBSI3U C TEM, YTO
MHOTHE [IOKa3aTeNu BeIyT ce0s HEOAHO3HAYHO U He ObUIO BO3MOKHOCTU
OTpeAeIUTh CyMMapHOE BO3JCHCTBHE Ha UMMYHHYIO cuctemy. [lenvio pabomoi
ABJISIETCA ~ MCCJIENOBAHUE MOJEJNEH, ONUCHIBAIOIIMX JAUHAMHUKY HW3MEHEHUS
nokKazarejied MMMYHOTpaMM B I[E€pUOJ] MNaHAEMUM Yy JEeTeld M MOJIPOCTKOB,
npoxxkuBaromux B [lepMckoM kpae. 3a1aun Uccie0BaHUN 3aKIIOYAINCH B AaHAJIN3E
mudepeHInanbHbIX  YpaBHEHUM, OMUCHIBAIOIIMX HW3MEHEHHE IapamMeTpoB
UMMYHOTpaMM; OOOOIIEHNH pe3yJbTaTOB HCCICAOBAHMA TIO JIECTPYKIIUU
UMMYyHUTETa B  pe3yJbTaTe BO3JCHUCTBUS  KOPOHABUPYCHOM  HWH(DEKIUH,
Pezynomamei. UccnenoBanbl nuddepeHimanbible YpaBHEHUS HAa KCTPEMYM H
OTIpeNIe]ICHbl BO3PACTHBIC IMAapaMeTPhl TMAI[MEHTOB, WMEIONIME HauOObIIee
OTKJIOHEHHE TTOKa3aTeliel oT peepeHTHOro UHTEpBala. 3axkntouenue. HecMoTpst Ha
TO, YTO OT/ICJIbHBIE JIEMEHTHI MPOTOYHOTO ITUTOPOTOMETPUIECCKOTO aHAIIA3a HOCSAT
KoJie0aTeIbHbIH XapaKkTep C OOJBIIMMHU HMITyJIbCaMH, 000O0IIEHHE TOKa3aTeen
IPOTOYHOro murodoromeTpudeckoro anaiausa (IIIIMPM) mokas3aio HHTEPECHYIO

KapTHHY, XApaKTCPU3YIOIIYIOCA IINIaBHBIM H3MCHCHHUCM B CTOPOHY YBCIIMYCHUA



OTKJIOHEHHs y CTaplIero MOJPOCTKOBOTO BO3pacTa IPU BCEX HCCIEAYEMBIX
napaMeTpax.

[Tokazarenu [IIDOM, nHaxonmsmmecs B pedepeHTHOM HMHTEpBaje, HMeEIU
OJIMHAKOBOE HAIIPABJICHUE B CTOPOHY OTPULATEIBHOIO OTKIIOHEHHUS C YBEITUYEHUEM
BO3pacTa C TEM OTIUYHMEM, YTO B COCTOSIHUU OOJIE3HU OTKJIIOHEHUE OBLIO B JIBA pa3a
Oonbiie. B cocrossHuM  OTCYTCTBUSL 3a00JieBaHMS MPEBBIIICHUE TOKa3zaTenen
[IIIOM wuMeno mOJOKUTEIbHYK) TEHACHUMIO C YBEJIMYEHHEM BO3pacra, a
noHwxkenue rmnokazarenei [IIIOM ot pedeperHoro HHTEpBajTa HUMENO
OTpULIATENIbHYI0 TeHJACHIMIO. B cocTossHuu 3a0o0fieBaHMsI TPU TMOHUKEHHBIX
UMMYHOITIOOYJIMHAaX TpW TpeBbllleHUHn pedepentHoro wuHTepBana [ILOM
HaO0JI0AaeTCs BBIMYKJIOE OTKJIIOHEHUE B OTPUIIATENIbHYIO CTOPOHY IIPH YBEJIMYEHUU
Bo3pacta. [Ipyu moHMXeHUN OT pePepeHTHOr0 UHTEpBasia HaOII0AaeTCs BBIMYKIIas
KpHUBasl C MOJIOKUTENbHBIM OTKJIOHEHUEM. [Ipy MOBBIIEHHBIX UMMYHOTJIO0YJIMHAX
npu  mOpeBbllieHUH pedepeHTtHoro uHTepBaia I[IIIOM wumeer BBITHYTOE
MOJIOKUTEIBHOE OTKJIOHEHHE, MPU MOHMKEeHUH pedepentHoro nntepsana [11IOM
TaKX€ UMEET BBITHYTOE MTOJIOKUTEIBHOE OTKIIOHEHHE MTPEBBIIIAIOIIECE MIOYTHU B IATh

pas.

KawueBble cioBa: kopoHaBupyc, SARS-CoV-2, ummyHorpamma, I[II{OM,

JICUKOIIUTHI, CACTEMHBIM aHaJIU3.



Abstract

Relevance. A potential for zoonotic transmission of highly pathogenic coronavirus
strains to humans was of little concern to health care providers, which came as a
surprise and led to a coronavirus pandemic in 2020 spring. In 2023 fall, there was
higher number of humans infected with coronavirus infection. In 2024, influenza
outbreaks characterized by wave-like temperature changes are observed, which may
indicate the emergence of a new virus strain. Currently, it is of interest to study the
effects related to novel coronavirus infection on human immune system. To date,
the immune responses for individual parameters from leukocyte blood formula have
been studied, but insufficient attention has been paid to the cumulative impact, due
to the fact that many parameters behave ambiguously and it has not been possible to
determine the cumulative impact on the immunogram. The aim of the work is to
investigate models describing the dynamics in immunogram changes during the
pandemic in adolescents living in Perm Krai. The objectives were to analyze
differential equations describing a change in immunogram parameters; to summarize
study results on impaired immunity due to exposure to coronavirus infection;
Results. Differential equations were analyzed and the extremum and age patient
parameters with the greatest deviation from the reference interval were determined.
Conclusion. Despite the fact that individual elements of flow cytophotometric
analysis are oscillatory in nature with large impulses, the generalization of flow
cytophotometric analysis indices showed an interesting pattern characterized by a
smooth change towards increasing deviation in older adolescence for all studied
parameters. Flow cytophotometric analysis indices being within the reference range
had the same modality towards negative trend with increasing age only differed by
the fact that in the disease state the deviation was twice as large. Without disease,
the excess of flow cytophotometric analysis indicators had a positive trend with
increasing age, and the decrease of flow cytophotometric analysis indicators from
the reference interval had a negative trend. In the disease state with decreased

immunoglobulins, when flow cytophotometric analysis exceeded the reference



interval, there was a convex deviation in the negative direction with increasing age.
When decreasing from the reference interval, a convex curve with a positive trend
Is observed. Upon elevated immunoglobulins exceeding the reference interval flow
cytophotometric analysis has a convex positive trend, whereas for at lowering the
reference interval flow cytophotometric analysis also has a convex positive trend

exceeding 5 times.

Keywords: coronavirus, SARS-CoV-2, immunogram, flow cytophotometric

analysis, leukocytes, systemic analysis
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1 Beenenue

B nacrosiiiee BpeMst CTalnu MOSBIATHCS HOBblE MH(EKIUU, BEI3BAHHBIE 300HO3HOU
nepenavyeil BRICOKOMATOTEHHBIX IMTaMMOB BUpPYycoB. OcoOyio mpoOseMy BbI3Bal
koponaBupyc.  KoponaBupycel  (CoV)  mpencraBisiioT  coboil  rpynmy
onnouenoveunbix PHK-BHpycoB, MHGOUUMPYIONIMX pPa3IUYHBIX MO3BOHOYHBIX.
BrnepBbie onn OblIM OOHapykeHbI y yenoBeka B 1960-x romax [5] u B OCHOBHOM
BBI3BIBAJIU JIETKUE peCcIUpaTOpHbIe 3a00aeBanusa. OHAKO K HUM OTHOCSITCS MIEPBbIN
BUPYC aTHIIMYHOTO TSHKEJIOr0 OCTPOro pecruparopHoro cuuapoma (SARS-CoV-1)
B 2002 r. 1 KOpOHABUPYC OJIMKHEBOCTOUHOTO pecniupaTopHoro cuaapoma (MERS-
CoV) B 2012 1., 06a U3 KOTOPBIX XapaKTEPHU3YIOTCS BBICOKOW CMEPTHOCTHIO OT
pecrimpaTopHbIX 3a0osieBannid. B aexabpe 2019 r. B npoBunmmu Wuhan (Yxanb)
KHP mpowuszonuia mytanusa kopoHaBupyca SARS-CoV-1 u mosiBUiCS HOBBIN
OetakopoHaBupyc, nmonyduBiui HazBanue SARS-CoV-2. Bompocksl, cBsi3aHHBIC €
JedyeHueM, NpoPUIAKTUKOM ¢ BaKUMHAIMEH HaceleHus, SBISIOTCS OYEHb
aKTyaJIbHBIMU, B CBA3H C YEM OBLIIO yI€TIEHO OOJIBIIOE BIUSIHUE UMMYHHOMY OTBETY.
Onenke T-knerounoro mmmynurera y nepedosnesunx COVID-19 u ummyHHOrO
OTBETa IOCJE BaKUMHALUKU TOCBALIEHBI UccienoBanus [6,7]. MHOrouuciaeHHbie
UCCJIEIOBAHMS TIOCBSIIIEHBI U3YUYEHUI0 MMMYHUTETA y JIETe BO BpeMs MaHJIEMUU
[3,4]. Taxxe mnpencraBislyl MHTEPEC BO3ACHCTBUS HOBOM KOPOHABUPYCHOM
uHpeKIun Ha NaIMEHTOB, UMEIOIIHNX noOOYHBIE 3a00JIeBaHUs.
NmMMyHOTEpaneBTUYECKUE TOIXO0bI K JICUEHUIO U COCTOSTHUE JTIMMTUATPAHCIOPTHON

CHUCTEMBI pacCMOTPEHHI B padboTax [1,9].

2 MaTtepuaJjbl M1 MeTOAbI HCCICAOBAHNUS

MarepuasioM HcciIeqoBaHUSA CIYKWJIM HMMYHOTPAaMMBbl ITAIUEHTOB B
Bo3pacte 1o 18 ner, mpoxwuBaromme B Ilepmckom kpae. IlmaH npoBeneHus
DKCIIEPUMEHTA TOKa3aH Ha PUCYHKE 1 M COCTOSII B CIEAYIOIIEM: UMMYHOIPAMMBI
JeTe U MOJPOCTKOB OBLIM MPEABAPUTEIBHO CTPYNIUPOBAHBI HA TPU BO3PACTHBIC
MHTEpBAJIA: 10 TPEX JIET, OT YETBIPEX A0 AEBATH U JO CEMHaauaru jer. Jlamnee ot

COCTOSIHMSI UMMYHOTJIOOYJIMHOB MMMYHOTpaMMBbI pasziefieHbl Ha OonbHbIX (C2) U
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3nopoBbix gered (Cl). B cocrossHum Cl m3yyanoch OTKJIOHEHHE NapameTPOB
npotouHort 1nurodoromerpuu (IMIIOM) kpoBH mNaMEHTOB OT pedepeHTHOTO
UHTEpBajia B 00€ CTOPOHBI, a TaKXKe HaXOAAIIUXCS B peepeHTHOM HHTEpBAJE.
Otnnune usmepeHuil B coctostHuM C2 cOCTOSIO B MPEIBAPUTENIBHON COPTUPOBKE
UMMYHOTpaMM 110  OTKJIOHEHHIO HMMYHOIJIOOYJIMHOB, TakuM  00Opa3oM
(GbopMHUPOBATUCH BAa MACCHUBA, YYUTHIBAIOIIME TOBBIIICHUE WU TMOHMKEHHUE OT
pedepentHoro uHTepBana. lccienoBanust OblIM  NpOBENEHbI Ha  0ase
MEAMIMHCKOTO yupexnaeHus «dumocodus kpacoTsl U 370poBbsi». [locTpoenue
MMMYHOTPaMM BEITIOTHEHO Ha pubope 1lab Taurus. beuto npoananm3poBano okoio
300 wummyHorpamm. MarepuajioM i1 JAHHBIX HUCCIIEJOBaHMM  SIBISUIUCH

pe3yJbTaThl, OJYYEeHHbIC B paHHUX ImyOukarusx [8,10].

3 Pe3yabTaThl Hcc/Ie10BAHUA

CocTosiHUE  HMMMYHHOW  CHCTEMBI  4YEJIOBEKA MOXKET  OXapaKTepU30BaTh
UMMyHOrpamMMa. HMMMmyHOrpamMma OOBIYHO COAEPXKUT TpPU TMOJS: MAacCUB
UMMYHOTJIOOYJIMHOB, MOJI€ UMMYHHOTO CTaTyca U MOJe MoKa3areleil MpoTOYHOrO
IUTO(POTO-METPUUECKOTO aHanu3a. PaccMOTpuUM MOAXOAbl MaTeMaTH4ECKOIro
MOJICJIMPOBAHUS IIPU OMKMCAHUH CUCTEMBI MOJYJIE HMMYHOrpaMmsl [8,11].
IToxazarens ummyHornooynmuHoB AO(MI) xapakrepusyercs OTKIOHEHHEM
napaMeTpoB Tpex ummyHornooynmuaoB UT'A, UT'G u UT'M

1
AOMNE= a—®AHHF+6—®AHHF +6—®AHPG. 1)
OHIl'A

oUI'M onrG

CyMMapHBbI# oKa3aTellb OTKJIOHEHUs JeikouuTapHori Gopmyssl kpoBu AN(t) ot
BO3pacTa namueHTa (t) onucan mapaMeTpaMu MPOTOYHON HUTOPOTOMETPUN
on on on on on
LAt +—2 At +—2 At +—2 At +—2 A1, (2)
ot ot ot ot ot

rae Ny — JletikoruTel, np — Jlumbonurel, ng — NK—knetku (CD16+CD56+), ngy — T-

AN(t)=

xenmnepsl, ns — Manekc ummyHnoperyisiiuu (CD4+/CD8+).
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CymmapHOe OTKIIOHeHHE Iokaszareis ¢aronuro3oB AF(t) omuceiBaercs
napaMeTpamMu IMMYHHOTO CTaTyca

AF(t)= N e+ g0 gy (3)
ot ot ot

rne f1— AGconroTHoe 3HaueHue (aronurosa, f, — @aronurapHoe 4uco,
f3— daromuTapHbIi HHACKC.
B wenom mnoxkaszarens wuMmyHorpamMmbl A®(M) MOXKHO OLEHUTH IO

aAAUTUBHON (DYHKIIUN OTKJIOHEHHS TTapaMeTpoB UMMYHOTrpamMMsl [8,10]

o(N)" -o(N) , @(©)" -2(0) o(F)" -o(F) (4)
@(N )PI/I (D(@)PH CD(F )PH !

rae PU — noka3arenu peepeTHoro nHTepnaia.

AD(H )=

B naHHOM wuCClenOBaHMHM pPACCMOTPEHBI XApaKTEpHbIE MNapameTpsl (2)
HUTOPOTOMETPUYECKOTO aHAIKM3a TJ1a3Mbl KPOBH MAIIMEHTOB.

B panHEX wuccrenoBaHUSAX OBUTM TOJYYEHBI 3aBHCHUMOCTH TOJUHOMOB
otkionennit JletikonuroB, JlumpornuroB, NK-kmerok, T-xemmepos, HWupaekca
UMMYHOPETYJIAINU U IPYTUX OT BO3pacTa MalueHTa u coctosiHus 6ose3nu [8,10].
B nannoit paboTe nmpencTaBiist ”HTEpEeC 0000IeHHBIN moka3aTens [[IIDOM.

Ha nepBom stane npoBeneHo uccnenoBanue 1 Becex napamerpos [IITDOM,
HaXOJSIIUXCS B peepeHTHOM HHTEpBaJe W MOJIyYeHbl CyMMapHbIE MOKa3aTeNlu
(cocrostaue C1) — tabmuma 1.

3aBucumoctu mokazarenei [IIIOM B coctossHun Cl npu NpeBbILIEHUH OT
pedepentHoro uaTepBana ([ /PW) npencraBnens B Tabmaute 2.

3aBucumoctu Tnokazarenei [ILIOM B cocrosuuu Cl mnpu 3aHUKEHHH OT
pedepenTtHoro unrepsaina ([ |PU1) npencrabiens! B Tabauiie 3.

PaccmoTtpum Takxke nokaszarenu uMMyHorpammsl [ILHAOM B coctostauu C2.

B tabnuiax 4, 5 u 6 nokazaHsl pe3yJbTaThl UCCIEIOBAHUM, TOTYYEHHBIX TPU
3aHWKEHUH UMMYHOTJIO00YJIHUHOB OT peepeTHOro HHTEpBaa.

3aBucumoctu mnokazareneit [IL{OM, Haxoxsumecs B pedepeHTHOM

uHTepBaJie npu coctosiHuu C2, mpeacTaBieHbl B TaOIHIE 4.
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Pe3synbrarel, mojydeHHble mpu mnpeBbliieHuu / moHwkeHuu [ILOM ot
pedepenTHOro MHTEpBasia B coctosiHuu C2 nmokasansl B Tabiunax S u 6.
Pesynbratel, moka3anueie B Tabnumax 7,8 u 9 ogHOTHIHBL ¢ Tabauamu 4,5 u 6 ¢
OJIHUM OTJIMYMEM, KACAIOUIEroCsl OTKJIOHEHUS HMMYHOITIOOMHOB B CTOPOHY
npeBbIlIeHNs peepeHTHOTO HHTEPBAIA.

['paduaeckue 3aBucumoctu nokasareneit [IIIOM B coctossaun C2 moka3aHsl
Ha PUCYHKE 3.

4 O0cyxaeHue

[Toutu Bce rpaduku CyMMapHBIX OKa3aTeNei MPOTOYHON HIUTO(HOTOMETPUU
UMEIOT HEOOJIBIION IKCTpEeMyM Yy nieTeld B Bo3pacte 2-3 netr. Hecmotpst Ha TO, 4TO
ornenbHble mapameTpbl [ILIAOM wumenu konebaTenbHBIA XapakTep, AN BCeX
rpa@uKoB XapakTepHO I[IJJABHOE HM3MEHEHUWE C YBEIMYECHHEM OTKIOHEHHUS Y
OAPOCTKOB.

[Tokazarenu IILI®M, nHaxoasmmecs B peQepeHTHOM HHTEpBAIEC HMENU
OJIMHAKOBOE HAIIPABJICHUE B CTOPOHY OTPULATEIBLHOIO OTKJIOHEHHUS C YBETUUEHUEM
BO3pacTa ¢ TeM OTJIUYHMEM, YTO B COCTOSHUU OOJI€3HU OTKJIOHEHHE ObLIO B 2 paza
OobIIe.

B cocTosiHun oTcyTcTBUs 3a00s€BaHMs TpeBbllieHue nokazatened [1L[OM
VMMEJIO TIOJIOKUTEIBHYI0 TEHICHIUIO C YBEIWYEHHEM BO3pacTa, a INOHWKEHUE
nokazareneir I[IIIAOM ot pedepeTrHOro uHTEpBasa HUMEIO OTPUIATEILHYIO
TEHJICHIIUIO.

B coctosHun 3aboneBaHus TpH TMOHMKEHHBIX WMMYHOIJIOOYJIMHAX MpU
npeBbillieHun  pedepeHtHoro wuHTepBaia [IIIAM HabmrogaeTcss  BBITYKIOE
OTKJIOHEHHE B OTPHULATENIBHYK) CTOPOHY IIpM yBeIW4YeHHH Bospacta. [lpm
NOHWKEHUH OT pePEepeHTHOro HWHTEpBaia HAOJIOAAETCs BBINyKJas KpuBas ¢
ITOJIOKATENIBHBIM OTKJIOHEHUEM.

[Ipy MOBBIIIEHHBIX UMMYHOTJIO0YJIMHAX MPH MPEBBIIIEHUH pedhEepPeHTHOTO

nHTepBaia [ ILIOM umMeeTr BEITHYTOE MOJIOKUTEIBHOE OTKIIOHEHUE, TTPU ITOHUKEHU U
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pedepentHoro wuHTepBana [I[IOM Takke WMeEET BBITHYTOE IOJIOXKUTEIHHOE
OTKJIOHEHHE B 5 pa3 OoJblile.
5 BeiBoabI

O606menue nokazarenet [NIIOM npu kopoHaBUPYCHON MHPEKINM y AeTEH
U TOAPOCTKOB, HECMOTPS HA HEKOTOpPbIE OTIHYWS, HMEET TEHIACHUHUIO K
YBEIIMYECHUIO OTKJIOHEHHS K CTApLIEMy IMOJPOCTKOBOMY BO3pPACTY, HA UYTO HYKHO

o0paTuTh BHUMaHUE MpHU JaJIbHEN AUarHOCTUKE MOCIEACTBUI NH(EKIIH.



TABJINLbI

Ta6muua 1. 3aBucumMocTH 1oKaszatened npu  HaxoxaeHuu [ILIOM wu
UMMYHOTJ100yTMHOB B pepepertom untepnaie (PU) (coctosaue C1).
Table 1. A relation between indices for flow cytophotometric analysis and

immunoglobulin level within reference interval (RI) (state C1).

[Tokazarens AnmnpoxcuManuoHHas GyHKIHS
Indicator Approximation function
My At =-18,18t7 + 77,91t +13,19
na(t) t
My At = 40,37In(t) + 51,44
no(t) ot ’ ’
1) %At —-12,79In(t) + 93,33
(1) %At — 69,74In(t) +16,62
(1) %At — -32,20t? +14,81t - 93,76
CyMMapHbIii AN (t)=-50,47t* + 92,72t + 97,32In(t) + 80,82
IIOKA3aTcCJ1b
Total Score




Taoauna 2. 3aBucumoctu nokazareseit [IL{OM B coctosinuu C1 npu npeBbIIEHUN
pedepentroro unrepsaia (TPH).
Table 2. A relation for flow cytophotometric analysis indicators at C1 state

exceeding reference interval (TRI).

[Toxa3zarenp AnmnpokcuManiMoHHas GyHKITUs
Indicator Approximation function
My At =18,35t° - 80,29t + 89,02
N (t) ot
My At = 24,8112 -122.6t + 147,78
ny(t) ot
na(t) M5 At =-2.76In(t) + 6,07
ot
na(t) %At =364,2e-1,61t
ot
ns(t) %At — 38,21t -188,49t + 231,52
CymmapHbIii AN(t)=30,9t* 145,59t + 364,2e -1,61t — 2,76 In(t) + 473
IIokKasaTelJib
Total Score




Ta6amua 3. 3aBucumocty nokasareneii IILIAM kposu B coctosamnu C1 mpu L PH*,
Table 3. A relation between blood flow cytophotometric analysis indicators in at C1

state for ¢RI *.

[Toxazarenp AnmnpokcuManioHHast QyHKIUs
Indicator Approximation function
M At 1 665t -1.6033
Ny ot
N2 Mo At — 1665t + 27167
ot
3 %At — - 4,625t + 26,835t - 22.21
4 %At —-22.405t% + 91,285t - 68,88
ns on

8_t5At =36,517In(t) + 0,1667

CyMMapHBIii AN(t)=-27,03t* +36,517In(t) +121,45t — 89,81
I1I0OKAa3aTcCJIb
Total Score

*TIpumeuyanue — JPU - pU TOHWKEHUW TIOKaszareleld oT pedepeHTHOro
WHTEpBAJIA.

*Note — 4RI - when indicators decrease below reference interval.



Taoauna 4. 3aBucumoctu nokaszaresneit [ILIOM B PU npu coctosinum C2.
Table 4. A relation between flow cytophotometric analysis indicators at C2 state
within RI.

ITokazareb 3aBUCUMOCTH HT'A, Status *
Indicator Dependence UM 1gA,
IgM
M 10,532 -31,57t + 21,05
Ny ot
N2 % _ -16,45t% + 74.34t - 32.89
n3 ang 2 PU
E=‘50t +200t'150 \L
Na %z -27,96t2 +121,38t -80,92
s %=-26,65t2 +117,44t-78,29
CyMMapHBbIi AN(t)=-110,53t + 481,50t — 321
IT10KAa3aTCJ1b
Total Score

*IIpumeuanue — PU — pedepenTHslit mHTEpBaI.

*Note — RI - reference interval.



Ta6auna 5. 3asucumoctu 1 PU nokazareneit IILIOM nipu coctosinuu C2.

Table 5. A relation between TRI flow cytophotometric analysis indicators at C2

state.
[Toka3zareinb 3aBUCUMOCTD Ur'A, Status *
Indicator Dependence UM 1A,
IgM
Ny %:-43,7&2 +168,75t -112,5
N2 M _g
ot
n o, l TPU
ot
Ny M _g
ot
Ns M _ g
ot
CymmapHeid | O _ 45052 4 160 750 1125
I1I0Ka3aTellb ot
Total Score

*IIpumeuanue — PU — pedepenTHwiii uHTEpBa,

HoKasaTelnei oT pe)epeHTHOTO HHTEpBaIa.

TPU - IIPU TPEBBIIIEHUU

*Note — RI - reference interval, TRI - values exceeding reference interval.




Tabauua 6. 3aBucumoctu nokazarenen [TIIOM nelikonmrtapHoit HopMyIibl KPOBU

Opu COCTOSHUU OoJie3Hu (OTKiIOHeHHe umMmyHornoOynmunos WI'A, UI'M or

pedepeHTHOTO NHTEPBAJIA).

Table 6. A relation between flow cytophotometric analysis indicators of leukocyte

blood formula in disease (deviation of immunoglobulins IgA, IgM from reference

interval).
ITokazareb 3aBUCUMOCTH HT'A, Status *
Indicator Dependence Urm IgA,
IgM
Ny on, -0
ot
N2 % _ 18,42t2 - 55 26t + 36,84
N3 M3 _ 34 9147 102,63t + 68,42 4 LPU
Na %: -27.96t2 +121,38t - 80,92
Ns % — - 26,652 +117,44t - 78,29
CyMMapHbIii AN (t)=-1,98t* +80,74t — 54
IIOKa3aTcJIb
Total Score

*IIpumeuanune — PU — pedepentHslii uHTEpBal,

HoKasaTenei oT pe)epeHTHOTO HHTEpBaIa.

IPU - [IpU  3aHKECHUU

*Note — RI - reference interval, JRI - in case of indicators below reference interval.



Tabauma 7. 3aBUCUMOCTH TMoOKa3zaTeseil JIeMKouuTapHoW (PopMysbl KPOBH MPHU
cocTosiHUM OoJie3HH (TpeBbIIIEHNE MoKa3aTeneil nmmyHornooynmuaos UI'A, UT'M
oT peepeHTHOTO UHTEPBAIA).

Table 7. A relation between leukocyte blood formula indices in disease (IgA, IgM

immunoglobulin indices above reference interval).

[Toxazarens 3aBUCHUMOCTh UTA, Status *
Indicator Dependence UM IgA,
IgM
Ny My _ 43,75t +133.33
ot
N2 My _ 37,5t +116,67
ot
PU
N3 any =-50t® + 200t -150 T
ot
N4 on, =0
ot
Ns %:-37,&2 +137,5t-75
CymMapHbIit AN (t):—87,5t2 +336,99t — 30
II0Ka3aTellb
Total Score

*IIpumeuanue — PU — pedepenTHrIil nHTEpBAI.

*Note — RI - reference interval.



Tabauma 8. 3aBucUMOCTH MoOKazaTesneil JIeMKouUTapHOUW (POopMysbl KPOBH TPHU
cocTossHUM Oone3Hu  (OTKIOHeHHMe uMMyHornooymuanoB WI'A, HUI'M ot
pedepeHTHOTO NHTEPBAJIA).

Table 8. A relation between leukocyte blood formula indices in disease states

(deviation of immunoglobulins IgA, 1IgM from reference interval).

[Tokaszarenp 3aBUCUMOCTD UT'A, Status *
Indicator Dependence Urm IgA,
IgM
Ny % -0
ot
n, an, _
ot
N3 M _g T TPU
ot
Na %=18,42t2 -55 26t + 36,84
Ns % _ 45,72t -199,68t + 216,45
CyMMapHbIi AN (t)=64,14t* — 254,94t + 253,29
I10Ka3aTciib
Total Score

*IIpumeuanue — PU — pedepeHTHbIil uHTEpBal, TPU - IIpU PEBBILICHUN
nokasarenen oT pe)epeHTHOTO UHTEpBaJa.

*Note — RI - reference interval, TRI - indicators exceed the reference interval.



Tabauma 9. 3aBUCHUMOCTH TOKazaTeleil JIeMKoUUTapHOU (POopMysbl KPOBH MPHU
cocTosSTHUU Oosie3Hu  (OoTKJIOHeHHWe uMMyHorinooynunoB WI'A, UI'M ot
pedepeHTHOrO HHTEpBaa).

Table 9. A relation between leukocyte blood formula indices in disease states
(deviated immunoglobulins IgA, IgM from the reference interval).

ITokaszarenb 3aBUCUMOCTD UT'A, Status *
Indicator Dependence UM IgA,
IgM
Ny on _ 0
ot
M2 % ~10,52t2 - 31,57t + 21,05
N3 % — 15.79t? - 47 37t + 31,58 T LPU
N4 ﬂ -0
ot
Ns ons _ 0
ot
CyMMapHbIii AN (t)=26,31t* — 78,94t + 52,6
II0Ka3aTciib
Total Score

*IIpumeuanne — PU — pedepentHsiii uHTEpBa, IPU — IIpU TIOHWKEHUU
nokazatenen oT pe)epeHTHOTr0 MHTEpBAaa.

*Note - RI - reference interval, 4 RI - values below reference interval.



PUCYHKH

Pucynoxk 1. [Tnan npoBeeHus: SKCIIEPUMEHTA.

Figure 1. Experimental design.




Pucynok 2. 3aBUCMMOCTHM OTKJIOHEHHMS CyMMapHbIX Tokazareneid [II[OM
(AN (t)*10_3) B coctossHun Cl or Bo3pacta manueHTOB (f) M OTKJIOHEHHS OT
pedeperHoro uaTepBana (PHN).

Figure 2. A relation between deviation modality for total flow cytophotometric
analysis (AN(t)*10*3) indices at C1 state and patient age (t) and deviation from

reference interval (RI).
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PucyHnok 3. 3aBUCUMOCTH OTKJIOHEHHUSI CYMMAapHbIX Nokazatenei [TI[OM (AN (t) )
B cocrossHun C2 ot Bo3pacta manueHToB (1), oTKIIOHEeHUsT OT pedepeTHoro
nutepsana (PM) npu nonmkennsix (UTA, UTMY) / nossiuenssix (UTA, UTMT)
YPOBHSIX UIMMYHOTJIOOYJTHHOB.

Figure 3. A relation between deviation modality for total flow cytophotometric
analysis indices at C2 state and patient age (t), deviation from the reference interval

(RI) at decreased (IgA, IgM {)/increased (IgA, IgM T) immunoglobulin levels.



AN(t)*10°| ° i

;0 \\ s

. AN RN

20 \ s \

25 \ 20 \

N N
| -25
PU
AN 207 : S
5 10 15 20 14 /

5 ™ : o
8 AN : 7
0 \ DU
N T o
|
TP
AN (t)*10° PO N
el o /
el y4

/ N Vad
v : pd

/ 10 M"’
T T T 1 o —p—b i

1( 5 10 15 20

-10

'
= =] = [¥] 2] £ 4] =] =~ o

I PU

PucyHOK 3. 3aBHCHMOCTH OTKJIOHEHHs CyMMapHBIX nokasateneii ITLIOM (AN(t) )
B coctossuun C2 oT Bo3pacra mnanueHTOB (f), OTKIOHEHHS OT pedepeTHOro
nntepsana (PY) mpu monmkennsix (IgA, IgM 1)/ nosbmrenneix (IgA, IgM T)

YPOBHAX I/IMMYHOFJ'IO6YJII/IHOB




THATYJbHBINA JJUCT _METAJIAHHBIE
baok 1. Uupopmanus 00 aBTOpe OTBETCTBEHHOM 32 MEPENUCKY
KocrapeB Cepreii HuxonaeBuu — JlokTtop TexHudeckux Hayk, [Ipodeccop
Kadeapsl UTAC, [Tepmckuit HAIIMOHAJIbHBIN HCCJIEI0BATEIbCKHUI
nonurexHuyeckud  ynuepcuteT;  IIpodeccop  kadeapsl  Oe3omacHOCTH
KU3HENEATENIbHOCTH, lIepMCKUM TroCyaapCTBEHHBIM arpapHO-TEXHOJIOTHYECKHN
yauBepcuteT uMeHu akanemuka J[.H. Ilpsaumnukosa; Ilpodeccop kadenpsi
3ootexHuu, [lepmckuii unctutyr ®CUH Poccun, Poccuiickas denepanus;
anpec: 614039, Ilepmb, PeBomoruu, 528 — 404;
tenedon: 8(906)878-39-29;
ORCID: 0000-0002-3097-7037;

e-mail: iums@dom.raid.ru

Kostarev Sergey Nikolaevich — Dr. Sci. Tech., Professor of the Department ITAS
of Perm National Research Polytechnic University, Professor of the Department of
Life Safety, Perm State Agrarian-Technological University named after academician
D N Prianishnikov, Professor of the Department of Animal Science, Perm Institute
of the FPS of Russia, Russian Federation;

telephone: 8(906)878-39-29;

ORCID: 0000-0002-3097-7037;

e-mail: iums@dom.raid.ru

Bbaok 2. Undopmanms 00 aBTopax

Cepena Tarbsina I'ennaabeBHa — JlokTop TexHudeckux Hayk, IIpodeccop
Kadeapbl 0€30MaCHOCTU JKU3HEAESATENbHOCTH, llepMcKuii TOCYymapCTBEHHBIN
arpapHO-TEXHOJIOTHYECKUM yHUBEpcUTEeT nMeHn akaaemuka J[.H. [IpsaaumHnkoBa,
Poccuiickaa ®@enepanus;

e-mail: iums@dom.raid.ru

Tatayna Sereda — Dr.Sci.Tech., Professor of the Department of Life Safety, Perm


mailto:iums@dom.raid.ru

State Agrarian-Technological University named after  academician D N
Prianishnikov, Russian Federation;

e-mail: liums@dom.raid.ru

Biaok 3. MeragaHHbIe CTATHH

VCCJIEJJOBAHUE M3MEHEHUI JTEMKOIIUTAPHOM ®OPMYJIbl KPOBU
B IIEPUO/I ITAHJEMUU

STUDY OF CHANGES IN THE LEUKOCYTE BLOOD COUNT DURING THE
PANDEMIC PERIOD

CokpanleHHOe HA3BAHUE CTATHU [IJIs1 BEPXHEro KOJIOHTHUTYJIA:
AHAJIN3 JEUKOLIMTAPHOU ®OPMYVJIbl KPOBU
LEUKOCYTE COUNT

KioueBble ciaoBa: kopoHaBupyc, SARS-CoV-2, ummynorpamma, I[ILOM,
JICUKOIIUTHI, CACTEMHBIN aHaJIU3.
Keywords: coronavirus, SARS-CoV-2, immunogram, flow cytophotometric

analysis, leukocytes, systemic analysis.

OpuruHajabHbIE CTaThU.

KonudectBo ctpanui Tekcta — N, KoaumdecTBo Tabnuil — 9, KOJTUIECTBO PUCYHKOB —
3.
22.02.2024


mailto:iums@dom.raid.ru

CIIMCOK JIMTEPATYPbI

IMopsink | ABTOpBI, HA3BaHUE MYOJIMKANMHA H Hoanwiii naTepHeT-agpec (URL)
OBBIii HCTOYHHUKA, I/Ie OHA ®.1.0., Ha3BaHue myOJUKAIMHA U uuTupyemoii crarbu u/uinu ee DOI
HOMeEP ony0JIMKOBAaHA, BHIXOIHbIE HCTOYHHMKA HA AaHTJIMHCKOM SI3bIKe

CCBHLIKH JaHHbIE

1 AbakymuHa, E. B. Immunotherapeutic approaches in the | https://genescells.ru/2313-
NmmyHoTepaneBTrueckue noaxoasl | treatment of COVID-19 1829/article/view/121962/kk_KZ
B neuenun COVID-19/ E. B.
Abakymmna // I'enst u Knetku. —
2020. - T. 15, Ne 4. - C. 19-26. —
DOI 10.23868/202012003

2 Ab6nynnaesa, K. A. Cocrosiaue State of the immunological status of https://www.iupr.ru/

MMMYHOJIOTHYECKOTO CTaTyca
OOJIBHBIX TOCTKOBUIHON
nuesMmonuei / K. A. A6aynnaena //

DOkoHOMHKA U coruyM. — 2022. — No

11-1(102). - C. 376-379

patients with post-COVID pneumonia

_files/ugd/b06fdc_5d6db1d800194816
ba96b46adede6d24.pdf?index=true



https://www.iupr.ru/

Houenko, T. M. 3n10poBse nereid,
UMMYHUTET, UMMYHOTIPO(UITAKTHKA
B YCIJIOBUSIX PKOJIOTHYECKOTO
HeOnarononyuus / T. M. JlonieHko,
H. B. byramesa, O. H. [Tapaxuna //
I'maBBpau. — 2019. — Ne 12. - C. 52-
56. - DOI 10.33920/med-03-1911-
05

Importance of preliminary and periodic
medical examinations for protecting
health of employees of river, sea and

mixed (river-sea) navigation

https://panor.ru/articles/zdorove-
detey-immunitet-immunoprofilaktika-
v-usloviyakh-ekologicheskogo-
neblagopoluchiya/32078.html#

Ecenbexona, D. XK. OcobeHHOCTH
MMMYHHOT'O OTBETa y JIETEN Ha
HOBYIO KOPOHAaBUPYCHYIO
undekmuio / 3. XK. Ecenbekona, I
K. Kuemyparosa, I'. b.
JKakceuibikoBa // HOBBIN eHD B
MenunuHe. — 2022. — Ne 9(47). — C.
74-78

Features of the immune response of

children to a new coronavirus infection

https://www.elibrary.ru/item.asp?id=5
0418748




HcTopust n3ydeHus U COBpeMeHHas
KJaccupuKanus KOpOHABUPYCOB
(Nidovirales: Coronaviridae) / M.
IO. llenkanos, A. 1O. Ilonosa, B.
I'. Henxos [u np.] // Uadexuus u
ummyHuteT. — 2020. — T. 10, No 2. —
C. 221-246. - DOI 10.15789/2220-
7619-HOI-1412

History of investigation and current
classification of coronaviruses

(Nidovirales: Coronaviridae)

https://iimmun.ru/iimm/article/view/1
412

Knerounsrit 151 TYMOPJIbHBIN
MMMYHHBIM OTBET MOCJI€ BBEACHUS
KOMOMHUPOBAHHOMN BEKTOPHOM
Baknuubl ['am-KOBU/I-Bak / E. B.
NuBusesa, B. B. Bropymuna, 1O. C.
Hpankuna [u ap.] // Undexuus u
uMMyHHTET. — 2022. — T. 12, No 6. —
C. 1051-1060. - DOl

10.15789/2220-7619-PCV-1975.

Post-Gam-COVID-Vac

vector vaccine cellular and humoral

combined

Immune response

https://iimmun.ru/iimm/article/view/1
975




Omnenka CHenu(prUIecKoro T-
KJIETOYHOTO UMMYHUTETA y
nepeOoIeBIINX ¥ BaKIIMHUPOBAHHBIX
nporuB  COVID-19 / T. A.
[InatonoBa, M. C. Ckmsp, A. A.
lNonmybkoBa [u gap.] // Kypuan
uHoekronorun. — 2022. - T. 14, Ne 1.
— C. 96-104. — DOI 10.22625/2072-
6732-2022-14-1-96-104

Assessment of specific T-cell immunity
in patients who have been ill and
vaccinated against COVID-19

https://journal.niidi.ru/jofin/article/vie
w/1313

CucteMHbIf aHaJIn3 151
MaTEMaTUYECKOe  MOJEIMPOBAHUE
MH(PEKITMOHHOM 0e301acHOCTH
3a00J1€BaHMs, BBI3BIBAEMOTO
mraMmmMaMu kopoHaBupyca COVID-
19 / C. H. Kocrapes, P. A.
QairzpaxmanoB, H. A. TatapHukoBa

[u ap.] // U3Bectusa KOro-3anagHoro

System Analysis and Mathematical
Modeling of Infection Safety Human
Caused by COVID-19 Coronavirus

Strains

https://uprinmatus.elpub.ru/jour/article
Iview/105




rOCy/IapCTBEHHOTO  YHUBEPCHTETA.
Cepusi: VYnpasienue,
BBIUMCIIUTEIbHAS TEXHHKA,
nH(pOpMaTHKA. MenunmHcKOoe

npubopoctpoenue. — 2023. — T. 13,
N 2. - C. 76-94. - DOI
10.21869/2223-1536-2023-13-2-76-
94

9 Omaros, I'. U. IlporuBoBupycHsbiii | Antiviral immunity and the state of the | https://www.elibrary.ru/item.asp?id=4
UMMYHUTET " cocrosaue | lipid transport system 8497533
JUTUITPAHCTIOPTHON cuctemul / I
N. IOmaros, M. JI. Jouenko //
Menuuunckas nanopama. — 2002. —
Ne 8. -C. 22.
10 Kostarev S., Komyagina O, https://www.mdpi.com/1660-

Fayzrakhmanov R., Kurushin D.,

Tatarnikova N., Novikova O., Sereda

4601/19/20/13669




T. Impact of the New Coronavirus
Infection on the Immune System of
Children and Adolescents in the
Region of the Russian Federation //
International Journal of
Environmental Research and Public
Health, 2022. T. 19(20), C. 13669.
DOI: 10.3390/ijerph192013669

11

Sereda T.G., Kostarev S.N.,,
Kochinov Y.A., Kochinova T.V.
Building a tool model for the study of
the ecosystem "coronavirus - Vector
- human - Environment" // 10P
Conference Series: Earth and
Environmental Science, 2020. T. 548
(4). C. 042030

https://iopscience.iop.org/article/10.10
88/1755-1315/548/4/042030




	Importance of preliminary and periodic medical examinations for protecting health of employees of river, sea and mixed (river-sea) navigation
	History of investigation and current classification of coronaviruses (Nidovirales: Coronaviridae)
	Post-Gam-COVID-Vac combined vector vaccine cellular and humoral immune response
	Assessment of specific T-cell immunity in patients who have been ill and vaccinated against COVID-19
	System Analysis and Mathematical Modeling of Infection Safety Human Caused by COVID-19 Coronavirus Strains

