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Pe3tome. Bseoenue. [lpu n3yueHnu aTolloruy HOBOH KopoHaBupycHoi nHpekunu (COVID-19) ocHoBHOE
BHHMaHHe 00pallleHO Ha IIOpasKeHHe OPOHXOJIETOYHON U CepAETIHO-COCYIICTOMH CUCTEM, C KOTOPBIMHU CBsI3aHa
ManugecTanus HHOEKIHH, TOTIa KaK U3MEHEHHs OPraHoOB THMM(aTHUECKOM CHCTEMbI OCBEIIEHBI HEI0CTa-
TouHo. K HacTosIieMy BpeMEHH HE BbI3bIBACT COMHEHHN (DaKT pa3BUTHS JUCHYHKIMH UMMYHHOM CHCTEMbI
npu COVID-19, oqHaxo cBeieHHs 0 MopaskeHUH TUM(ATHUECKUX Y3JI0B HEOTHO3HAuHBI. L{ens HacTosmero
MCCJIEZIOBAHUS — OXapaKTEPU30BaTh MOP(OIOTHUECKIE U3MEHEHHS B IPUKOPHEBBIX JIMM(DATHYECKUX Y371aX

narueHTos, ymepumx ot COVID-19 Bo Bnaagusoctoxke B 2021 roay.

Mamepuanvr u memoowi. [TpoBeneHo Mopdoiornyeckoe necie1oBaHue TMMpaTHIeCKUX y3710B oT 20 maru-
€HTOB, YMEPIIINX OT HOBOW KOPOHABUPYCHOH HH(MEKINH, MPIKU3HEHHO UATHOCTHPOBAHHOHN C TIOMOIIIBIO
[L[P-Ttecrta. ['pynmoii cpaBHEHUS OBLIN YCIOBHO 3[JOPOBEIE JIFOAH, YMEPIIHE HACHIHCTBEHHOW CMEPTEIO,
0e3 3a00JeBaHM KPOBETBOPHOM U TMM(OUTHON TKAaHW B aHaMHe3e. Marepual JijIsl THCTOIOTHYeCKOTO HC-

clieioBaHus 00padaThIBaIM 110 OOLICTPUHITHIM METOIUKAM.

Pezynvbmamer. Y Bcex yMepIIUX ITallieHTOB OOHapyXeHa KapTHHA JIMM(aJCHONIaTHH C TUIIOIUIA3Ued JINM-
(haTUYECKUX y3JIOB pa3HOW CTEIICHU BHIPAXKCHHOCTH: B KOPKOBOM BEIIIECTBE BBIABIUTUCH TUM(pATUICCKHE
(OJTHKYITEL, TPEUMYIIIECTBEHHO 03 CBETIBIX (TePMUHATUBHBIX ) ICHTPOB, a TaKXkKe (POJUTHKYIBI C BEIPasKeH-
HBIM pa3pekeHHEeM KJIETOK U OTOJICHHEM PETHKYISPHON CTPOMBI, 0€3 BH3yaIN3alui MapaKOPTHKAIEHON
30HBI. [0 cTeneHn BhIpaXEHHOCTH PEaKTUBHBIX M3MEeHEeHNH B T- u B-3aBUCHMBIX 30HaX JIUM(ATHIECKUX
Y3JIOB BbIJICNICHBI J1Ba TUNA JuMbaneHonaTnu: 1) cMelaHHblid (GOTHKYIISIPHBIA THIT U 2) (OIUTHKYISIpHAs

WHBOJJIIONUA C J'II/IM(I)OI/I}IHI:IM HUCTOLICHHUCM.

3axnrouenue. Tlatromopdonornueckie U3MEHEHHNS B TPUKOPHEBBIX JIMM(PATHYECKHUX y3JIaX JIETKUX Y Maly-
eHroB, ymepmux ot COVID-19, cBunerenscTBoBaIn 00 IMMYHO/IEIIPECCUBHOM JeHicTBHN BHpyca SARS-
CoV-2. ITaronorus nuMdaTHIecKuX y3JI0B MPOSBIUIACH TnMonnTapHoi neruienmeii B T- u B-3aBucnMpIx
30HaX, YTO YKa3bIBaeT Ha Ae(UIUT KIETOYHOTO U TyMopaisHoro umMmyHuTera npu COVID-19 cpenners-

KCJIOTO U TAXKEJIIOIr0 TCUCHMUA.

KaroueBsie cioBa: kopoHasupycHas unpexuus, COVID-19, naromopdonorus, numdarnieckue y3ibl,
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Pathomorphology of lymph nodes in patients with severe SARS-CoV-2
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Abstract. Introduction. When studying COVID-19 pathology, considerable attention is paid to the damage
to the respiratory and cardiovascular systems, which are associated with the manifestation of the infection.
Data on changes in the organs of the lymphatic system are yet scarce. To date, COVID-19 is sure to cause the
dysfunction of the immune system; however, information about the damage to the lymph nodes is ambigu-
ous. The aim of the study was to characterize morphological changes in the hilar lymph nodes of patients
who died from a new coronavirus infection COVID-19 in Vladivostok in 2021.

Materials and methods. A morphological study of the lymph nodes was performed in 20 patients who died
from the new coronavirus infection, diagnosed in vivo using a PCR test. The controls were patients who did
not have diseases of the hematopoietic and lymphoid tissue in their medical histories but who died a violent
death. The material for histological examination was processed according to generally accepted methods.
Results. In all patients, we identified lymphadenopathy with hypoplasia of lymphoid tissue of varying se-
verity. In the cortex, lymphatic follicles were detected, mainly without light (germinal) centers, as well as
follicles with a pronounced rarefaction of cells and exposure to the reticular stroma, with no visualization
of the paracortical zone. According to the severity of reactive changes in the T- and B-dependent zones of
the lymph nodes, we distinguished two types of lymphadenopathy: 1) mixed follicular type; 2) follicular
involution with lymphoid depletion.

Conclusion. Pathological changes in the hilar lymph nodes of the lungs in patients who died from COVID-19
indicated immunosuppressive effects of the SARS-CoV-2. The pathologic changes in lymph nodes mani-
fested with lymphocytic depletion in T- and B-dependent zones. This indicates a deficiency of cellular and
humoral immunity in moderate and severe COVID-19.

Keywords: coronavirus infection, COVID-19, pathomorphology, lymph nodes, lymphocytic depletion,
immunodeficiency
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BBenenue

KommnnexcHblit ananuz 6onee yem 2700 ayromncuii
pu HOBOM KopoHaBupycHoi nuHpexuuu (COVID-19),
MPOBEIEHHBIA POCCUIICKMMU NaTonoroaHaromamu [ 1, 2],
MOKa3ajl, 4YTO U3MEHEHH B Pa3HbIX OpraHax y yMepLIuX
CTEPEOTHUITHBI U BKJIIOYAIOT MPOSBIEHUS BUPYCUHIYILIH-
POBAHHOTO NIEMCTBUS U CUCTEMHON BOCHAJIUTEIBHON
peakuuu ¢ anbTepaunueil MpeuMylecTBEHHO COCYIOB
MUKPOLUPKYISATOPHOTO PyCIia, IPUBOIAIINE K PA3BUTHUIO
TeMOKOaryJaonaTu4eckux pacCTpoOMCTB U, COOTBETCTBEH-
HO, TOTalIbHOH runokcur. OCHOBHOE BHUMAaHHE UCCIIe-
JloBaTeseil oOpamieHo Ha opaxxeHue OPOHXOIErOYHOM
U CEplIeYHO-COCYIUCTON CHUCTEM, C KOTOPBIMH CBSI3aHa
MaHu(pecTanus HHPEKIUH, TOTJla KaK IaToJIOrUsl opra-
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HOB TUM(paTuyeckoil cucTeMbl U3yyeHa HeJOCTAaTOUHO.
OTMmedeHsl omycToumeHue T-3aBUCUMON 30HBI, BBIpa-
JKEHHOE MOJHOKPOBUE MUKPOLMPKYISTOPHOTO pyciia co
cJamKaMu SpUTPOLIUTOB U PUOPUHOM B MIPOCBETE COCY-
JIOB, CKOILJIEHHE JTUM(OLUUTOB U Makpodaros B CUHycax
¢ sBneHueM ayrouutodaruu [1].

CBsi3aHHbIE C UMMYHHUTETOM IPOSIBICHHS BCE Yallle Pac-
no3Hatorcs y mauentoB ¢ COVID-19. Cuctemuslii peHo-
TUII, CBI3aHHBIN C BOCTIAJIUTEIBHON peakiueil, BbI3BAHHON
SARS-CoV-2, oueHb MIMPOK ¥ MOXKET HAIIOMUHATH (e-
HOTHUI HEKOTOPBIX Ay TOUMMYHHBIX WJIM BOCTIAJUTEIbHBIX
3a0oneBanuii [3].

K HacTOsIIeMy BpeMeHU HE BBI3BIBAET COMHEHUM
¢dakt pa3BUTHS AUCPYHKIIUH UMMYHHOU CUCTEMBI MPHU
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COVID-19 [4]. Tem He MeHee JaHHbIE TUTEPATYPHI O I0-
pakeHUH NTUM(pATHYECKUX y3JIOB HEOJHO3HAYHEI. Tak,
coo0mIaeTcs, YTo BHYTPUIpyIHAs TUMGa eHONaTHs PH-
CyTCTBYET NouTH B 6% ciayuyaeB COVID-19 [5-7]. Ilpu
UACHTU(DHUKAINY BO3OYIUTEISI B TUM(ATHICSCKON TKaHU
PHK SARS-CoV-2 ynanocs 00HapyXUTh B IPUKOPHEBBIX
U CyOKapUHAIBHBIX TUM(PATHICCKUX y3JIaX KaK METOIOM
MMMYHOTHCTOXUMHH (MOHOKJIOHAJBHBIC aHTUTENA K IITH-
OoBOMY OeNKy), TaK U MOJIMMEPa3HOIl HENHOHN peakuu
(ITLIP) [8—-10]. Taxxe ycranosieno, yto PHK SARS-
CoV-2 Oblna uaeHTU(GUIUPOBaHA B TPaxee, Cele3eHKe,
BO BCEX OTAENAX KUIIEUHUKA, B OPBIKEEUHBIX JIUM(ATH-
YEeCKUX Y371aX, SIUTEIIUY TOYEUHBIX KAHANBLEB, KOXKE, UTO
MOATBEPKIAET pa3BUTHE TEHEPAT30BaHHON KOPOHABUPYC-
HoM nndexuuu [10-13].

ITo HexoTopeiM coobuienusM [5, 10], mopdonoruye-
CKH TUM(aTUUECKUE Y37IbI UIMENIU HOPMAIBHYIO CTPYKTYpY
(honuKynoB ¢ HabMOAaeMOl KapTUHOI reModaronuTosa
OpUONU3UTENBHO B MOJIOBUHE ONUCHIBAEMBIX CIy4yaes.
Hamnpotus, apyrue cnenuaiuctsl [14—16] y GOJbHBIX,
CKOHUABHIUXCS OT Tsixkenoil popmel COVID-19, mopdo-
JOTHYECKH OTMeYaal UCTOIIEHUE TUM(POUTHON TKAHU;
B NMapaOpOHXUAIBHBIX JUM(PATHUECKUX y3JIaX UMEIU
MECTO HapylIeHUE I'UCTOAPXUTEKTOHUKU TKaHU, CTUPA-
HHE PUCYHKa M NCYE3HOBEHUE TMM(POUIHBIX (POIJUTHKYIIOB.

Lenb HACTOSIIETO UCCIEIOBAHUS — OXapaKTEPU30BaTh
Mop(hosoTHUeCcKre U3MEHEHHUS B IPUKOPHEBBIX TUMpa-
TUYECKHUX y3JIaX MallMeHTOB, YMEPUINX OT HOBOI KOpO-
HaBupycHoll ungekuu (COVID-19) Bo Bragusoctoke
B 2021 romy.

Marepuanbl 1 METOABI

IIpoBeneno Mopdomoruyeckoe Hcciea0BaHUE TUMPa-
TUYECKHUX Y3JI0B OT 20 MalKueHTOB, yMEPIIUX OT HOBOM
KOPOHABUPYCHOU HH(EKIINHU, MPUKUZHECHHO TUATHO-
ctupoBaHHOU ¢ nmoMoupto [IIIP-Ttecta. [{ns cpaBHEHUS
MOP(OIOTHIESCKUX U3MEHCHHH B TUM(DATHYSCKHUX y3J1aX
HCIONIB30BAJIaCh IPYyIIa KOHTPOJIS — YCIOBHO 340POBBIE
JFOIY, YMEpIIHE HACHILCTBEHHOM CMEPTEIO, O3 3a0051eBa-
HU KPOBETBOPHOM 1 TUMGPOUTHON TKaHU B aHaMHe3e (TpU
yenoeka). O0pa3ipl TMM(paTHUeCKUX Y3J10B (PUKCUPOBAIH
B 10% pactBOpe popmanuna, 3a0ypepernoro no Jlnmmm,
00€3BOXKMBAJIM B 3TAHOJIE BO3PACTAIOMIEH KOHIIEHTPAIU
Y 3aJTUBAIH B mapaduH no oomenpuHsaToi Metoauke. ['u-
CTOJIOTMYECKHUE CPe3bl TOMIUHOM 3—5 MKM JenapaduHupo-
BaJIM, OKPAIIMBAIA TeMaTOKCHIIMHOM U 303WHOM IO 00111e-
MPUHATON MeTonuke. JIumparudeckue y3ibl Hccae10BaIn
Ha Haymuue PHK SARS-Cov-2 metonom TI1IP.

PesynbraThl

B 16 u3 20 ucciaenoBaHHBIX JETAJIbHBIX CIy4aeB
COVID-19 1spxenoro TedueHus B IPUKOPHEBBIX TUMpaTH-
yeckux y3nax ooHapyxena PHK SARS-Cov-2, yto non-
TBEPXKIACT CIEUU(PUIHOCTD BEISIBICHHBIX TATOMOPQOIIO-
THYCCKUX H3MEHEHUH TMM(OUIHON TKaHH.

Bo Bcex mpemnaparax Karcyina JUMQpaTuuIecKuX y3I0B
OKa3ajach COXpaHeHa, 0e3 JeCTPYKTUBHBIX U3MEHEHUH,
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KpaeBOi CUHYC HepeaKo ObUI 3all0JTHEH MOHOHYKJICapHbI-
MH KJIETKaMH. B OoipIIMHCTBE cilydaeB B TKaHH JUM(pa-
TUYECKUX Y3]I0B BBIBISIUCH BBIPAXKEHHBIE COCYIUCThIE
M3MEHEHUS: ONHOKPOBUE U PACHIMPEHUE COCYAOB, 3pH-
TPOCTa3, AUAINee3Hble KPOBOU3NUSHIS, MUKPOAHTHOMA-
THSI C HAIMYUEM SPUTPOLIUTAPHBIX TPOMOOB U MYKOHTHBIM
HaOyXaHUEM COCYJUCTOH CTEHKH. Y BCEX yMEpLIMUX Malu-
SHTOB OOHapy)XeHa KapTHUHA JuMdaseHonaruu ¢ ammdo-
LUTapHO! TUMOIIa3Kell pa3HON CTENEHU BBIPAXKEHHOCTH:

Puc. 1. Mopdomorust tuMpaTuIecKux y3JI0B NalUCHTOB,
ymepmux ot COVID-19. Jlumdanenonarus cMeanHoro
(G OITHKYISIPHOTO THIIA.
A — pa3spexeHune JITMMQPOLUTOB B CyOKaICyIIpHOH 30He
KOPKOBOT'O BEILECTBA, BUJCH uMpaTHieckuii oKy
6e3 CBETIOro LEHTPa, B — MHOTO TIOJTHOKPOBHBIX COCY/IOB
C 9PUTPOCTA30M, KPYITHOE THANEIe3HOE KPOBOUBIIHUSHHE,
BTOPHYHBIN TUM(pAaTHICCKUHA (HOIUTUKYI C 30HOH MAHTHH.
Oxpacka reMaTOKCHIMHOM U 303UHOM, X200

Fig. 1. The lymph nodes morphology of patients who died from
COVID-19. Lymphadenopathy of mixed follicular type.
A —rarefaction of lymphocytes in the subcapsular zone
of the cortex, a lymphatic follicle is visible without a
germinal center, B — many full-blooded vessels with
erythrostasis, large diapedetic hemorrhage, the secondary
lymphatic follicle with mantle zone. H&E stain, x200
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Puc. 2. Mopdonorust tuM(paTuniecKux y3JI0B NAlUEHTOB,
ymepmux ot COVID-19. JlumdaneHnonatus cMeIIanHOTO
(OIUTUKYIAPHOTO THIIA.

A — B KOPKOBOM BeliecTBe (HOJUTHKYIIBI 6€3 CBETIIBIX
LEHTPOB, ¢ Tuddy3neil TMMPOIUTOB B OKpY’Karoliee
HPOCTPAHCTBO, ONPEEISIOTCS CKOIUICHHS TEMHOTO
nurMenTta. OKpacka reMaTOKCHIMHOM | 303uHOM, %200.
B — obuine remorioOuHCcoAEpIKAIINX MaKpoharoB
(cmpenka). Okpacka TeMaTOKCHIMHOM U 203UHOM, X600
The lymph nodes morphology of patients who died from
COVID-19. Lymphadenopathy of mixed follicular type.
A — follicles without germinal centers are visible in the
cortex, with diffusion of lymphocytes into the surrounding
space, accumulations of dark pigment are visible. H&E
stain, x200. B — abundance of hemoglobin-containing
macrophages (arrow). H&E stain, x600

Fig. 2.

B KOPKOBOM BEILIECTBE BBIBISUIUCH THM(parudeckue (oi-
JUKYJIbI, TPEUMYLIECTBEHHO 0€3 CBEeTNIbIX (repMHUHATHB-
HBIX) [ICHTPOB, a TaKke (OJUTHKYIBI C BRIPAKEHHBIM Pa3-
PEXKEHUEM KIIETOK U OTOJIEHHEM PETUKYJISAPHON CTPOMBI,
0e3 BU3yalM3alHy apakopTUKaIbHOW 30HBEL B memom
9TH peakTHBHbIE U3MeHeHus B T- u B-3aBUCHMBIX 30HaX
TM(paTHIECKUX Y3JI0B CBUACTEIBCTBYIOT O COCTOSHUU HM-
MYHOJC(HUIUTA Pa3HOU TSHKECTH Y YMEPIIUX MAICHTOB
¢ COVID-19.
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Puc. 3. Mopdonorust tuM(paTniIecKux y3JI0B NalUEHTOB,
ymepmux or COVID-19. JlumdaneHonaTus cMeIIaHHOTO
(OIUTUKYIAPHOTO THIIA.

A — BeIpaKEHHOE Pa3BOJIOKHEHHE CyOKaICYIIPHOTO CIIOS,
THIOIUIA3Ms TUM(aTHIecKOro (HOJUTHKYIIA C OTOJICHUEM
PETHUKYIIPHOH CTpOMBI, B — pa3pexenue muM¢poruToB

U OTOJICHHE PETHUKYISAPHONH CTPOMBI IMM(ATHYECKOTO
¢domukyna. Okpacka reMaTOKCHIMHOM | 303HHOM, X200
The lymph nodes morphology of patients who died from
COVID-19. Lymphadenopathy of mixed follicular type.
A — pronounced disintegration of the subcapsular layer,
hypoplasia of the lymphatic follicle with exposure to

the reticular stroma, B — rarefaction of lymphocytes and
exposure to the reticular stroma of the lymphatic follicle.
H&E stain, x200

Fig. 3.

[pu naromoponornueckoM HCCIeJOBaHIH Ipernapa-
TOB 00paraso Ha cedsl BHUMAHHUE, 9TO Y YMEPILIHX IalueH-
TOB MMEJINCh PA3JINYHS B TSHDKECTH PEAKTUBHBIX N3MEHEHHUH
TUM(paTHYeCcKNX y3JI0B B OTBET Ha KOPOHABUPYCHYIO MH-
¢exiro. C yyeToM KitaccupHKaniy JTUMpaIeHOIaTHH TIPH
BUY-undexunu, npencrasnesHoi B 1989 rogy A.Il. As-
IIBIHBIM 1 COABT. [17], MBI TOCYNTAIN BO3MOKHBIM IO CTe-
MIEHN BBIPA)KEHHOCTH PEaKTUBHBIX U3MEHEHUH B IMMpa-
THYECKUX y3J1aX BBIICIHUTH [[Ba THIA JUM(aJeHOIaTHH,
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Puc. 4. Mopdonorus muMdaTHIecKuX y3JI0B NAIUEHTOB,
ymepmmux or COVID-19. JIumdaneromnarus cMemaHHOTO
¢dommukymnsproro Tuna npu COVID-19.

A — BHJJHBI HEMHOTOYHCIICHHBIE TIA3MOLIUTHI
(cmpenku), B — anontoTndeckue KIETKU (cmpenkit)

B MEX(OTHKYIIIPHOM IIPOCTPAHCTBE KOPKOBOTO
BemecTBa. OKpacka TeMaTOKCHIMHOM U 503HHOM, X600

Fig. 4. The lymph nodes morphology of patients who died from
COVID-19. Lymphadenopathy of mixed follicular type.
A — a few plasmocytes are visible (arrows), B — apoptotic
cells (arrows) in the interfollicular space of the cortex.
H&E stain, X600

accoruupoBanHoi ¢ SARS-CoV-2: 1) cMmemranusrit ¢o-
JUMKYJSIPHBIHN THIT; 2) QOJUIMKYISIpHAS HHBOJIOLHUS C JINM-
(oIUTapHBIM UCTOICHNUEM.

Cmeutannvlil GoaUKYIAPHLIIL Mun Tumpaderonamuu
XapaKTepHU30BaJICS TOJTHOKPOBHEM COCYIO0B MUKPOIHPKY-
JSATOPHOTO pyciia, pa3pexeHneM CyOKarCyIsIpHOTo CIOs,
OTYETIIUBBIMH JIUM(PATHICCKUME (OILTHKYIaMU HEKPYTI-
HBIX pa3MepoB B KOPKOBOM BEIIECTBE, IPH 3TOM Yallle
HaOmonanucs uMdarndeckue GouTHKyIbl 0e3 CBETIIBIX
LIEHTPOB, BCTPEYAINCH TAK)Ke BTOPHYHBIE (POJUTHKYIIBI C
30HOH MaHTUU (puc. 1), 4TO yKa3plBal0O HAa AaHTUTEHHYIO
CTUMYILLHIO. ONpenessuIich pe3Koe HOTHOKPOBHE MUKPO-
COCYZIOB, MyKOHJHOE Ha0yXaHHe U THaJIMHO3 COCYANCTON
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Puc. 5. donnukynspHas HHBOIIOIHS C JINM(OIUTAPHBIM
nucromeHneM y naruearos ¢ COVID-19.
A — BbIpaXCHHbIC ICCTPYKTUBHBIC NU3MEHEHHS
TKaHH JIMM(OY371a, HOITHOKPOBUE COCYIIOB, OTEK
U TMMQONHTAapHAs I'MIOILIa3Ks, B — KoJiareHo3 CTeHKn
COCY/IOB, JHareie3HbIe KPOBOM3IHSHHMS, TETUICTINS
mMbonHoH TkaHu. OKpacKka TeMaTOKCHIMHOM
¥ 303uHOM, X200

Fig. 5. Follicular involution with lymphocytic depletion in
patients with COVID-19.
A — pronounced destructive changes in the tissue of the
lymph node, a plethora of blood vessels, edema and
lymphocytic hypoplasia, B — collagenosis of the vessel
wall, diapedetic hemorrhages, depletion of lymphoid
tissue. H&E stain, x200

CTEHKH, KPOBOM3IUSIHUS, & TAKXkKe 00MITHE reMO(aronuTH-
pytomux Makpodaros (puc. 2). B wactu ciryyaeB oOparanu
Ha ceOs1 BHUMaHHe THIOIUIa3us TuMpaTHIecKux (osuTu-
KYJIOB C OTOJICHHEM WX PETHKYISIPHOHN CTpoMBI (puc. 3),
paspbIxiicHHE JTUM(OIMTOB B NApaKOPTHKAIBLHONW 30HE.
B MexdommukynapHeIX MPOCTPaHCTBaX HAOIIOAANACh
c1abo0 BBIpaXKCHHAS IIA3MOIMTAPHAS PEaKIUsl, HHOTIA
BBISIBISUIMCDH allONTOTHYECKUE KIETKH (puc. 4).
DoMKyasipHasT HHBOIIOIHS ¢ TUM(OIMTAPHBIM HC-
TOIIEHUEM XapaKTepu30Bajach MOBPEKIEHUEM TKaHU
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C HAPpYHMICHUEM THCTOAPXUTCKTOHHUKHA J'II/IM(i)aTI/I'-IeCKI/IX

Y3JI0B: PE3KO BBIPAXKEHHBIM IMOJHOKPOBUEM COCYIOB C
KOJUIAr€HO30M COCYAUCTON CTEHKU U KPOBOM3IHSIHUIMHU
(puc. 5), «BIrOpaHueM» TUM(OIUTOB H ITOYTH ITOJHBIM
OTCYTCTBHEM C(HOPMUPOBAHHBIX TUM(ATHICCKHUX (POILITH-
KYJIOB, TUM(OIUTAPHBIM UCTOIICHHUEM (CIUICHUCH ) TKAaHU
muMpaTHIecKoro y3ina (puc. 6). Onpenesuich JTUIIb pac-
CesTHHBIE THE3HBIC CKOIUICHUS TUMQOIUTOB, PEAYKLIUS
napakopTUKaNbHOH 30HBI. [InasmonuTapHas peakuus He
BU3YaJIn3UPOBAIaCh.

O6cyxpaeHue

[TonyueHHble pe3yibTaThl pabOThl AE€TAIU3UPYIOT
UMEIOIIHECs MPEACTABICHHS O MATOJOTUU JTUMpaTH-
yeckux y31m0B npu COVID-19, akueHTupys BHUMaHHE
Ha MOP(OJIOTrHIECKUX MpHU3HAKAX UMMYHOIedHUIuTa —
TUMQPOLMUTAPHON ACTUICIUU C PEAYKIHEH (HOIITHKYIOB
U TapaKOPTUKAJIbHOHN 30HBI B IUM(pATHICCKHUX Yy3IaX,
OTCYTCTBUU F¢PMHHATUBHBIX IICHTPOB B JTUMQPOUIHBIX
(hoIIHKYIax, SBISIONIMXCS OCHOBHBIM CalTOM (opMHu-
poBanus B-muMdonuToB ryMOpanibHOr0 IMMYHHTETA.
Ilo ompenenenuro A.Il. ABIBIHA U COABT., TUM{aTHIC-
cKHe (POJUIUKYIBI C BBIPAXKEHHBIM Pa3pekeHUeM KIIETOK
U OTOJIEHUEM PETUKYISPHON CTPOMBI (TEPMHHOJIOTUSA
aBTOPOB: «ceTyaThlii MeTamop(}o3» (OITUKYIOB) CBH-
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OPUTMHAJIBHBIE ICCJIENOBAHNA

Puc. 6. domnukynsipHasi ”HBOJIIOIHS
¢ TUM(OLMUTAPHBIM HCTOIICHHEM
y manuenTos ¢ COVID-19.
A — COCYIUCTO-ACCTPYKTHBHBIC U3MCHCHUS
C HapyIICHUEM LIUTOAPXUTEKTOHUKHI
IMM}aTHYECKOro y3/a, OTCYTCTBUE
c(hopMUPOBAHHBIX (HOJLUTUKYIIOB,
B — neruterust mumdarnyeckoro GouTHKya,
C — orcJoiika Karcyibl H3-3a TKAHEBOTO
OTEeKa, «BBITOPaHKUE» JTUMDOIMTOB
KOpKoBOro Berectsa. Okpacka
T€MaTOKCHJIMHOM M 203HHOM, X200

Fig. 6. Follicular involution with lymphocytic
depletion in patients with COVID-19.
A — vascular-destructive changes with
a disturbance of the cytoarchitecture of the
lymph node, the absence of formed follicles,
B — depletion of the lymphatic follicle,
C — detachment of the capsule due to tissue
edema, lymphocytes “parching” of the
cortex. H&E stain, X200

JIETEIbCTBYIOT 00 UMMYHOJIOTHIECKOH HEIOCTATOYHOCTH
[muT. mo: 18].

Ha ocHOBaHWM NONMYYEeHHBIX JaHHBIX MBI pa3aeisieM
3aKITIOUEHUE POCCUIICKUX uccnenonareneii [ 19] o Headhek-
TUBHOCTH I'yMOpPAJIbHOTO OTBeTa y nanueHTos ¢ COVID-19
CPEIHETSKETIOT0 U TSXKEJIOT0 TeUEHUs IPU OIHOBPEMEH-
HOW HECOCTOATENBHOCTH T-KJIETOYHOTO UMMYHUTETA. JTO
coracyercs ¢ UIMMYHOTUCTOXUMUYECKHMHU JAHHBIMH 3a-
pyoexusix aBTopoB ipu COVID-19 [6, 20, 21], yka3biBa-
IOLINX Ha paclIupeHue CyOKarcyIspHbIX CHHYCOB U MEXK-
(hOMTUKYISIPHON 30HBI B IPUKOPHEBBIX JTUM(PATHISCKIX
y3nax ¢ pazopocanusivu CD* T-mumdonuramu U HeGOb-
UM yBenuueHueM cootHowenus CD*/CD? knetok.

B 2020 rogy kuraiickue U aMepuKaHCKHE aBTOPHI He-
3aBUCHMO JIPYT OT JAPYra COOOIIWIH, YTO Y HEKOTOPBIX
nanueHToB ¢ COVID-19 B mumdaTnyeckux y3mnax cpemno-
CTEHHMS, a TAKXKE B CeJIe3€HKE ObLIO BBISIBIIEHO OTCYTCTBHE
(bOpMHUPOBaHUS TEPMUHATHBHBIX IICHTPOB, YKa3bIBAIOIICE
Ha HECOCTOATENBHOCTh TyMOPAJIbHOTO HMMYHHOIO OT-
Bera [8, 16, 22, 23]. YMeHbIIICHHE KOTUYECTBA CBETIIBIX
LEHTPOB B (DOJUTUKYJIAX OTMEYAIOCH TaKXkKe B TuMpaTrde-
CKHUX y3J1ax OpIOIIHOM osiocTH [8, 22]. BaxkHbIM sBIsieTCA
U TOT (haKT, 4TO B MCCIEAyeMbIX 00pa3iax JuMparnde-
CKHUX y3JI0B OBbLIO OOHApYKEHO 3HAYUTENFHOE yBEIHUSHHE
¢akTopa Hekposa onmyxonu anbha (TNF-a) c oTcyTcTBHEM
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T-bommmkynsapueix xennepos [ 16, 23]. lanHble U3MeHEHHS
KOPPEIUPOBAIIN CO CHIPKEHHEM YPOBHSA UMMYHOIJIO0YIH-
HOB M 1 G B cCpaBHEHUH C KOHTPOJILHOW IPYIIIONA PEKOH-
BaJIECLIEHTOB, HAXOAALMXCS B CTAAUU CEPOKOHBEPCUH.

Coo0maercs, 4To KOPOHABUPYC ONMIKHEBOCTOYHOTO
pecrmparopHoro cuHApoma, porcreeHHbiit SARS-CoV-2,
3¢ PEeKTUBHO HHPHUIUPYET HepBHIHBIC T-TUMQOIHUTHI Ye-
JIOBEKA ¥ aKTHBUPYET BHEIIHUHI U BHYTPEHHHIA Iy TH anor-
T03a [24]. B Kurae npu Ts:Ke10M OCTPOM peCupaTOpHOM
cunapome B 2002 rogy B TKaHU JUM(PATHUECKUX Y3JI0B
U CENIe3eHKHU TaK)Ke BBIABIISJICS HEKPO3 C TeMopparuye-
CKHUM KOMITOHEHTOM, COYETAIOIIHUIICS C UCTOLIEHUEM ITyJIa
mumponuToB [25-27].

Hecmotps Ha GonbIioe yuciio myOnukanuii 00 yyacTun
UMMYHHOW CHUCTEMBI YeJIOBEKa B MaToreHe3e UH(EKIIH-
OHHBIX 0OJIe3HEH, 10 CUX MOp HEJOCTATOUYHBI 3HAHUS O
ponu T- u B-cucrem umMmmyHHuTeTa B OJIOKMPOBAHHUH Ta-
TOJIOTHYECKHX Mpoueccos [28, 29]. YuurtbiBas HepaBHO-
3HAYHOCTbh NMATOMOP(OIOTHYECKUX U3MEHEHHI B TUM]a-
TUYECKHUX y3/1ax y nanueHToB, ymepuux or COVID-19, o
HallleMy MHEHUI0, OOJBIION UHTEpeC IS UX TTOHUMaHHUs
MIPEACTABISIOT JaHHBIE IUTEPATYPHI 110 (PeHOMEHY aHTHUTE-
JI03aBUCHMOTO yCUJICHUsI BUPYCHOM HH(EKIINH Y BaKIIMHU-
poBaHHbIX U niepedonennx [30]. Cytb peHomeHa aHTHTE-
J103aBUCUMOTO ycuiieHus uHdexun (antibody-dependent
enhancement, ADE) cocrouT B akTuBu3anuu nHGEKIMOH-
HOTO Mpolecca B MPUCYTCTBUU aHTHUTEN, CIIEIU(DUIECKUX
K BO30yAuTeN0 HHPEKIMOHHOM Oosie3nu. Tak, mokazaHo,
yto pa3Butue Gpenomena ADE BO3MOXKHO mpu HHQEKIH-
OHHBIX OO0JIe3HsIX, BRI3BAHHBIX BUpycamMu MapOypr [31],
D6oma [32], denre [33]. Ecnu ADE pa3BuBaetcs B xoze
MH(EKIUOHHOTO MPOoLecca, €CTh OCHOBAHMS CUUTATh, UTO
9TOT (peHOMEH OyneT UMETh MECTO y BaKIMHUPOBAHHBIX
JIO/IeH W )KMBOTHBIX IIPH 3apa)K€HUU BUPYCOM, MTPOTHUB
KOTOPOT'O MX IPUBUBAJIH.

B cBsi3u ¢ 3TUM mpeAcTaBIseT UHTEPEC, YTO B YUCIE
WH(EKIMOHHBIX 00JIe3HEeH, COMPOBOXKAAIOUIUXCS Pa3-
ButueM (eHoMeHa ADE, yka3piBaeTcs MH(EKIIMOHHBII
IIEPUTOHUT KOILEK, BBI3bIBAEMBIM BUPYCOM CEMEICTBa
Coronaviridae, — Feline infectious peritonitis virus, FIPV
[34, 35]. ®enomen ADE npu KNMHUYECKH BBIPAXKEHHOM
KOIlIaybeM MH(EKIIMOHHOM MIEPUTOHUTE PA3BUBANICA Y KO-
IIEK, YK€ UMEBIINX aHTHUTeNIa IOCIIe paHee IePEHECEHHOM
6eccumnToMHON HH(peknuu, 1100 Ha (hOHE MEPCUCTHPY-
Io1Iel HH(EKIUU B CIIydae MyTallUl BUPYCa, IpUBEIICi
K MOSIBJICHUIO €70 HOBOTO aHTUT€HHOTO BapuaHTa [36, 37].
Takske ycTaHOBJIEHO, UTO HanboJiee BEPOSITHO Pa3BUTUE
ADE y nroneii 1 )KUBOTHBIX, paHEe BaKIIMHUPOBAaHHBIX
IPOTUB BUPYCHBIX BO30OyauTteneil MHGEKIHOHHBIX 60-
Je3Hei, BKJIYas BUPYC KOIIaubero MH(PEKIHOHHOTO
nepuronura [30, 38]. [IpuBeneHHbIE JaHHBIE 1I03BOJIAIOT
IPEONOXKNTE, YTO B YaCTH HCCJICAOBAHHBIX HAMHU Jie-
TanbpHbIX ciiy4aeB COVID-19, npu koTOphIX B IpUKOpHE-
BBIX JINM(PaTUIECKUX y371axX ObLia BEIABIECHA (QOILIHUKYIISP-
Hasi UHBOJIOIHUS C TUM(OLUTAPHBIM UCTOIIEHUEM, MOTJIO
UMETh MECTO aHTUTEJI03aBUCUMOE YCHUIICHUE HH(EKINH,
BbI3BaHHOU SARS-CoV-2.
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3akmoueHnne

ITony4eHHbIe pe3yabTaThl CBUAETENBCTBYIOT O TOM, YTO
y MAIMEHTOB, YMEPIIIX OT HOBOH KOPOHABUPYCHOU MH(EK-
uu (COVID-19), naronorust tuMdarniyeckux y3ioB ¢ pas-
BUTHEM JIUMQOLUTAPHON Jeruienun B T- u B-3aBucUMBIX
30HaX OTpa)kaeT COCTOSIHUE Jie(hUIUTa KIETOYHOIO U Ty-
MOpajJbHOTO UMMYHHUTETA MpHU 3a00JIEBaHUAX CPEIHETS-
JKEJIOTO M TsDKENOro TeueHus. [latomopdonorndyeckue
U3MEHEeHUs TUM(PaTUIECKUX Y3JI0B, aCCOLUUPOBAHHBIE C
SARS-CoV-2, MOTyT OBITh OXapaKTEpU30BaHbl KaK JIMM-
(hageHonarus ¢ rumnoIIIasnuel TMMQPONIHON TKAaHU pa3HOU
CTEIEeHU BBIPAXKEHHOCTH, HA OCHOBAHUU YETO BBIJEJICHBI
JBa Tumna JuMpaneHonatun: 1) cMemaHHbIi (OTUKYIIAP-
HBIN THII U 2) (HOJUTMKYIIIpHAS MHBOIIOLUS C TUMQOLUTAp-
HBIM UCTOLIeHHeM. DToT acnekT natonoruun COVID-19
HUMeeT BaKHOE HayYHO-IIPaKTUYEeCKOe 3HaUeHUe B HH(peK-
TOJIOTHH U BaKUMHOMPO(PUIAKTHKE, YTO AUKTYET HEOOXO-
JUMOCTD JalTbHEHIINX LeJICHAPABICHHBIX UCCICAOBAHUI.
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MNudopmanus o6 aBTopax

Jlapuca MuxaitnoBHa CoMoBa — JOKTOP MEAMLMHCKUX HayK, podeccop, IIaBHbIH HAayYHBIH COTPYAHUK, 3aBelytolas jadoparopuei
naromopdonorun HUW smunemuonorun u Mukpo6uonorun uM. I'I1. Comosa.

Esrenunii AnarosnbeBuu KoiropOuii — kaHauIaT MEANIMHCKUX HayK, 3aBeyOLIMI KadeIpoil maroinorunuecKkoil aHaTOMUH U CylIeOHON MEAUIMHBI
THUX00KEaHCKOTO roCyJapCTBEHHOTO MEANIIMHCKOTO YHHUBEPCUTETA.

Enena Uropesna [Ipo6oT — kaHguaaT OHOIOTHYECKUX HAyK, CTAPIIHIA HAYYHBIA COTPYAHHUK J1abopaTopui naroMopdoaoruu
HUWU snupemuonoruu u mukpoduonoruu uM. I'I1. Comona.

Haranbs Bnanumuposnaa KpbuioBa — TOKTOp OMOJIOTHYECKUX HAyK, 3aBeAyIOLIas JabopaTopreil pecIupaTopHbIX BUPYCHBIX HHMEKIUH
HUU snunemuonorun u mukpobuonorun uM. I.I1. ComoBa.

HWpuna HuxonaepHa JIsmyH — KaHIuIaT OMONOTMYECKHX HAYK, CTApIINi HayYHbIH COTPYIHUK Jab0paTopuy maTroMopoIoruu
HUU snunemuonoruu u mukpobuonorun uM. I.I1. ComoBa.

Muxaun FOpbeBuu LllenkaHoB — JOKTOp OHOMOrNYECKUX Hayk, AoueHT, aupexrop HUU smunemuonorun u mukpoduonoruu um. I.I1. Comosa,
3aBeAyIoNHMil Kadenpoit SMUIEMHOIOT Y, MUKPOOHOI0oruy U mapasutonorun Ilkons! 6nomenuuHsl JlaapHeBocTOUHOTO (enepalbHOro
YHUBEPCUTETA, 3aBeayomuii tadoparopueii Bupyconorun @HLL 6nopazHoobpasust HazemHo# 6uoTbl Boctounoii Azuu JIBO PAH.
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