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IMutomMerasioBupycHass UHPEKIUA Y 00JIbHBIX C XxPOHUYECKOU
cepevYHON HEeJOCTATOUHOCTHIO: BJIMSHUE HA TEUEHHE U TPOTHO3
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AHHOTAIINA

BBenaewunwue. Iuromeramosupyc (IIMB) uemoBeka, 006aMaI0IIHI CIIOCOOHOCTHIO JJTUTETLHOE BPEMSI OCTABAThCSI
JIATEHTHBIM, MOKET PEAKTUBUPOBATHCS, BHI3bIBAS TSKEJIbIE OCJIOKHEHHUS Y TTAIUEHTOB C 0CJIa0JI€EHHBIM UMMYHUTETOM H,
B YACTHOCTH, y OOJIBHBIX ¢ XPOHUYECKOU cep/ieuHol HemoctaTouHoCcThio (XCH). Tlonumanue Toro, kak [IMB Biuser Ha
passutue XCH, sABjIsieTCA BAXKHBIM /IS IPAKTUYECKON Kap/IHOJIOTUH. IHTErpUPOBAHHBIN IOJXO/T K BBIABJIEHUIO U OLIEHKE
posu IIMB B cep/ieqHO-COCYAUCTON TATOJIOTHH MOKET CyIIeCTBEHHO IOBBICUTh 3()(PEKTUBHOCTD JIEUEHHUS U YJIYUIIUTD
HUCXOABI /IJI MAllUEHTOB.

Il e 1 b . Usyuuth ocobennoctu TeueHus: XCH B 3aBucumoctu ot Hayimuus [IMB ¢ o1ieHKOI ero BO3MOKHOTO BIUSHUS
Ha KJIMHUYECKUH MPOTHO3 3a60JIeBaHuUs.

MaTepuanab U MEeTO bl . BuccienoBanue BKIIOYEH 151 MAIUEHT, TOCIUTAJIM3UPOBAHHBIA B CBA3H C
nexomriieHcanueil XCH. TTaniueHTOB pa3/iesInIn Ha 2 TPYIIbL: cepoHeraTuBHele o IIMB (LIMB-) (n = 72) u cepormosu-
tuBHbIE (IIMB+) (n = 79). KoHeuHas Touka 6bly1a KOMOMHUPOBAHHOM U OIIPE/IE/ISiIach KaK TOCIUTATTU3AIIHSA 110 TIOBOY
nekomieHcanuu XCH, HacTyIIeHNEe HeOIaTOIPUATHBIX KIIMHUYECKUX COOBITHH (Cep/IeuHO-COCY/TUCTask CMEPTh, Heda-
TaJTbHBIA NHAPKT MUOKAP/ia UJIKU OCTPOE HapyIlleHHe MO3TOBOTO KPOBOOOpaleHus, TpoM603MO0IHsI JIETOYHOI apTe-
pum) B TeUeHHE 24 MeC MPOCIEKTUBHOTO HAOJIIO/IEHUsI, OCYIIECTBIIAEMOro MOCIe BBIMUCKUA U3 cTanroHapa. Omnpese-
astin Hasmaue JIHK nuromerasoBupyca B KPOBH U YPOBEHD MPOBOCHATUTENbHBIX MUTOKHHOB (DHO-a u NJI-1B) u
NT-proBNP.

Pes3ynbTarTbl. BbisABIeH BBICOKUHA PUCK JIETATBHOTO ucxona (oTHocuTenbHbIN puck (OP) = 8,57; 95% moBepu-
TesbHBIA uHTEpBaI (JI) = 1,98-37,1; p = 0,004) U HACTYIUIEHUS] COOBITHS 0 KOMOWHUPOBAHHOU KOHEYHOU TOUKE
(OP = 3,17; 95% IU = 1,78—5,64; p < 0,001) ¥ CepOIIO3UTUBHBIX 110 [[MB maIueHTOB B TeUeHNE 24-MECIUHOTO IEPUO/IA
Habsogenus. Yposuu ®HO-a, NJI-1f u NT-proBNP npoieMOHCTpUPOBATN MEHBIINH PUCK PA3BUTHS JIETATBHOTO UCX0/1a
U HACTYIIEHUs COOBITHS 110 KOMOMHUPOBAHHOU KOHEYHOM TOUKE Y CEPOTIO3UTUBHBIX MTAIIMEHTOB 10 CPAaBHEHHIO C CEPOHE-
TaTUBHBIMH OOJIBHBIMHU. Y CEPOIIO3UTHUBHBIX MTAIIIEHTOB 3aPErUCTPUPOBAHBI BHAYUMO (p < 0,05) 60JIee BHICOKHE YPOBHH
®HO-a u NJI-1f3 1o cCpaBHEHUIO C CEPOHETaTUBHBIMHU HAI[EHTAMHU.

3aknwueHnue. Pakropom pucka HebmaronpusTHoro TeueHus XCH aBmiserca HocurenbeTBo LIIMB: cepaeuno-
COCYZIUCTBIE COOBITHS U JIETAJIbHbBIE UCXO/bI B TEUEHUE 24 MEC ITOCJIE TOCITUTAIU3AINH B CBS3H ¢ iekomneHcalueirr XCH y
CepOITO3UTUBHBIX 110 ITMB GOIBHBIX PETUCTPUPYIOTCS 3HAUYMMO Yallle 110 CPABHEHHIO C CEPOHETaTHBHBIMU OOJIbHBIMHU.
IIpu 5TOM y c€pOIO3UTHUBHBIX NAIIMEHTOB IIOBBIIIIEHH] YPOBHYU IIPOBOCIATINTEIHHBIX IIUTOKUHOB Ha (DOHE IeKOMIIeHCalluU
XCH, 4dTo yka3pIBaeT Ha BO3MOKHYIO IIaTOTeHeTHIeCcKyIo posib [IMB mHbeKIuy B pa3BUTHH BOCIAJIEHHUS, CIIOCOOCTBYIO-
II1ero IPOrPecCUPOBAHUIO CePAEYHOH AUCHYHKINMU.

Kmouessble caoea: TUTOMErajJoBUPYyC, BUPYC repreca, cepZiedHas HeJIOCTaTOYHOCTb, IPOTHO3, BOCIIAJIEHHE.
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Cytomegalovirus infection in patients with chronic heart failure:
impact on the course and prognosis

S.N. Shilov, E.N. Berezikova’, I.V. Pankova’, A.A. Popova’, S.D. Mayanskaya?, A.M. Slesareva'

Novosibirsk State Medical University, Novosibirsk, Russia

2Kazan State Medical University, Kazan, Russia

ABSTRACT

Introduction. Human cytomegalovirus (CMV), which is characterized by lifelong latency following primary
infection, can reactivate causing severe complications in immunocompromised patients and, in particular, in patients with
chronic heart failure (CHF). Understanding how CMV affects the development of CHF is important for practical cardiology.
An integrated approach to identifying and evaluating the role of CMV in cardiovascular pathology can significantly increase
the effectiveness of treatment and improve outcomes for patients.

A i m . To study the characteristics of the course of CHF depending on CMV carrier status and assess its possible impact
on clinical prognosis.

Materials and methods. Thestudy included 151 patients hospitalized for decompensated CHF. The
patients were divided into 2 groups: CMV-seronegative (CMV-) (n = 72) and CMV-seropositive (CMV+) (n = 79) subjects.
The composite endpoint was defined as hospitalization for decompensated CHF and occurrence of adverse clinical events
(cardiovascular death, non-fatal myocardial infarction, acute cerebrovascular accident, or pulmonary embolism) during a
24-month prospective follow-up coming after the hospital discharge. Cytomegalovirus DNA in the blood, as well as the
level of proinflammatory cytokines (TNF-a and IL-1) and NT-proBNP were determined.

Results. Ahighrrisk of death (relative risk (RR) = 8,57; 95% confidence interval (CI) = 1,98-37,1; p = 0,004) and
achieving the composite endpoint (RR = 3,17; 95% CI = 1,78-5,64; p < 0,001) in CMV-seropositive patients during the
24-month follow-up were found. Levels of TNF-qa, IL-1, and NT-proBNP demonstrated a lower risk of death and achieving
the composite endpoint in CMV-seropositive subjects compared to CMV-seronegative patients. Significantly higher levels
of TNF-a and IL-1f (p < 0,05) were recorded in CMV-seropositive patients compared to CMV-seronegative patients.
Conclusion. CMV carrier status is a risk factor for an unfavorable course of CHF: cardiovascular events, and
fatal outcomes during 24 months after hospitalization for decompensated CHF are significantly more frequent in CMV-
seropositive patients compared to CMV-seronegative subjects. At the same time, seropositive patients have elevated levels
of proinflammatory cytokines with underlying CHF decompensation, indicating a possible pathogenetic role of CMV
infection in the development of inflammation that contributes to cardiac dysfunction progression.

Keywords: cytomegalovirus, herpes virus, heart failure, prognosis, inflammation.
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BBE/IEHUE

[MuromeranioBupyc (LIMB) uyenoBeka — moOBce-
MecTHO pacnpocrpaneHubii  JIHK-comep:xammit
Bupyc cemerictBa Herpesviridae, o6sramaromuii crio-
COOHOCTBIO JIIUTEJIbHOE BPEMS OCTaBaThCS JIATEHT-
HpIM. [IMB MokeT peakTUBUPOBATHCA U BBI3BIBATH
TsKesible ociokHeHud. Beixoa IIMB us-nox nummy-
HOJIOTUYECKOT'0 Ha/130pa U ero Mocjeyiomas peak-
TUBAIlUA MOKET IIPUBECTH K TAKEJIOMY TEUEHUIO
3a00J1eBaHNSA U TOBBIIMIEHUI0 PHCKA CMEPTH, OCO-
OeHHO Ccpeu TsKeTOOOJBHBIX W JIUIL € OCIabJieH-
HBIM UMMYHUTETOM [1, 2].

B Hacrosilee BpeMs JOCTATOYHO XOPOIIO HU3Y-
yeHo BiauaHue IIMB Ha cocypucryio crenky. [IMB
MOKET BBI3BIBATh XPOHNUECKYI0 UMMYHHYIO BOCIIa-

INTRODUCTION

Human cytomegalovirus (CMV) is an ubiquitous
DNA virus of the Herpesviridae family that is char-
acterized by lifelong latency following primary infec-
tion. CMV can reactivate and cause severe complica-
tions. Evasion of CMV of immune surveillance and
its subsequent reactivation can lead to severe course
of the disease and increased mortality risk, especially
among seriously ill and immunocompromised peo-
ple [1, 2].

Currently, the effect of CMV on the vascular wall
is quite well studied. CMV can cause a chronic
immune inflammatory reaction [3]. Reactivation of
latent CMV infection causes a chronic immune
response or the development of inflammatory reac-
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JIUTENbHYI0 peakiuio [3]. Ilepuoamyeckas peakTu-
Banus yiaTeHTHOU [IMB mH}pEeKIuu BhI3bIBAaeT XPO-
HUYECKUI MMMYHHBIA OTBeT WM pa3BUTHE BOCIIA-
JINTEJTBHOU PEAKIINH, UTO IIPUBOJUT K IIOBPEKIEHU IO
SH/IOTEINUST COCYAOB U WX BHYTPEHHEH MeMOpaHBbl.
3JTO, B CBOIO OUEPEh, CTUMYJIUPYET PO (epaAIIHIO
U MYTaIUIO TJIQJIKOMBIIIEYHBIX KIeTOoK. OOpa3oBa-
HUE UMMYHHBIX KOMILIEKCOB, COCTOSIIUX U3 aHTH-
Tes K autureny [{MB, OT/IOKUBIITHUXCA B COCY/TUCTOMN
CTEHKE TIPU aTEePOCKJIEpO3e, UHAYIUPYET SKCIpec-
CUI0 MOHOITUTAPHBIX XeMOKHHOB, a Tak»ke akTopa,
CTUMYJIUPYIOIIETO POCT MaKpo(daros, B 3H/IOTETHO-
nuTaxX, Makpodarax, MEHHUCTBIX U TIJIaJIKOMBIIIEY-
HBIX KieTkax u T-mumdorurax [4, 5]. Atu xemo-
KUHBI, B CBOIO OYEPEb, CTUMYJIUPYIOT IPOAYKITUIO 1
BBICBOOOJK/IEHHE ITPOBOCIIAUTEBHBIX ITHTOKUHOB
(unrepnetikuuos (WJI) 1, 6, 8, 10 u 12, dakTopa
Hekpo3sa omyxonu-a (PHO-a) u apyrux MmenuaTopos
BOCIIJIEHUs) MakpodaraMmu, 4To 3aIycKaeT KacKas
BOCITQJIUTENbHBIX PEAKINHA, KJIETOYHBIH U TyMO-
PaJIBHBIA UMMYHHBIH OTBET, YCUJIUBAS BBICBOOONK-
nenne C-peakTUBHOrO Oeyika. AKTUBAIFsI MOHOHY-
KJIeapHBIX KJIETOK KPOBU MPUBOAUT K UX MUTPAITUHA
B UHTUMY cocyzioB [6]. Kpome Toro, mepuoamdeckas
aktuBanus IIMB B IJIafKOMBIIIEUHBIX KJIETKaxX
apTepuii, BbI3BaHHAs JIOKAJIbHBIMH WMMYHHBIMH
PEaKIUsMHU U BOCIIaJIEHUEM, IIPUBOJIUAT K X JIETeHe-
PpAaIH U aroInTo3y, 4TO CIIOCOOCTBYET HECTaOUIbHO-
CTH OJIAIIEK U PA3BUTHIO OCTPOTO0 KOPOHAPHOTO CUH-
Apoma [7].

BmecTe ¢ TeM pe3ysbTaThl CEPO3MHAEMUOIIOTH-
YEeCKHX HUCCIIEOBAHUM KpaiiHe IPOTUBOPEYUBHI, UTO
MOZKeT OBITh CBSI3aHO C TEM, UTO BBISBJIEHHE UMMYH-
HOTO OTBETa Ha BUPYCHOe WHQUIUPOBAHUE WJIN
JHK Bupyca B TKaHAX He IT03BOJIAET OIIEHUTh aKTUB-
HOCTh MH(EKINU HETTOCPECTBEHHO MIPU IEKOMIIEH-
callil XpOHUYECKOU CEep/IEYHOU HE0CTATOYHOCTH
(XCH). ToipkO B e AUHUYHBIX paboTax MpU OIEHKe
cunteza PHK wu Beimenenus JIHK-copep:kamux
vacrull [IMB B ma3zmy KpoBU IIOATBEPKAEHO IIpe-
obstamanve akTuBHOM [IMB nHdekIn y marueHToB
C OCTPHIM KOPOHAPHBIM CHH/IPOMOM TI0 CPaBHEHUIO
¢ MaIreHTaMu ¢ XPOHUYECKUMU (HOpMaMHU HIIEMHU-
yeckou Gosiesnu cepzana (MBC) u mo6poBosbIliaMu
6e3 UBC [8, 9]. Ogunako onenka sausausa 1IMB Ha
nporHo3 y nanueHToB ¢ XCH paHee He mpoBoju-
Jlach. YUMTHIBasA BBIIIECKa3aHHOE, U3YYEeHUE BJIUS-
HuA IIMB Ha Teuenue XCH mnpejicrapiisieTca KpaliHe
aKTyaJIbHOH 3a/ladyel, a MCI0JIb30BaHUE KOMILIEKC-
HOTO MOJX0Ja K U3YUeHUI0 TecTupoBaHua Ha [IMB
WHQEKINI0 MOXKET IMPUBECTU K YJIYUIIEHHUIO IPO-
THO3a W ONTHMU3AIUY JIEUEHUs CepAeYHOU HeJ0-
CTaTOYHOCTH, YTO JIeJIaeT 3TO HaIlpaBJIEHHWE JOCTa-
TOYHO MEPCHEKTUBHBIM.

tion, which leads to damage to the endothelium of
blood vessels and their inner membrane. This, in
turn, stimulates the proliferation and mutation of
smooth muscle cells. The formation of immune com-
plexes consisting of anti-CMV antibodies deposited
in the vascular wall in atherosclerosis, induces the
expression of monocyte chemokines as well as the
macrophage growth promoting factors in endothelial
cells, macrophages, foam cells, smooth muscle cells,
and T-lymphocytes [4, 5]. These chemokines, in
turn, enhance the production and release of proin-
flammatory cytokines (interleukins (IL) 1, 6, 8, 10,
and 12, tumor necrosis factor-a (TNF-a), and other
inflammatory mediators) by macrophages, which
triggers a cascade of inflammatory reactions and cel-
lular and humoral immune responses, increasing
stimulating the release of C-reactive protein. Activa-
tion of blood mononuclear cells leads to their migra-
tion into the vascular intima [6]. Furthermore, reac-
tivation of CMV in arterial smooth muscle cells,
induced by local immune reactions and inflamma-
tion, leads to their degeneration and apoptosis,
which contributes to plaque instability and the devel-
opment of acute coronary syndrome [7].

However, the results of seroepidemiological stud-
ies are highly contradictory, which may be due to the
fact that detection of immune response to viral infec-
tion or viral DNA in tissues does not allow evaluating
the infection activity directly during decompensation
of chronic heart failure (CHF). Only in a few studies
on CMV RNA synthesis and the release of DNA-con-
taining CMV particles into the blood plasma, the pre-
dominance of active CMV infection in acute coronary
syndrome patients compared to patients with chronic
coronary artery disease (CAD) and volunteers with-
out CAD were confirmed [8, 9]. However, the impact
of CMV on the prognosis of patients with CHF has
not been previously evaluated. Given the above,
studying the effect of CMV on the course of CHF
appears to be a highly relevant task. Furthermore,
the use of an integrated approach to CMV infection
testing may lead to improved prognosis and optimi-
zation of heart failure treatment, making this direc-
tion quite promising.

AIM OF THE RESEARCH

To study the characteristics of the course of CHF
depending on CMV carrier status and assess its pos-
sible impact on clinical prognosis.

MATERIALS AND METHODS

The study included 151 patients with CHF of isch-
emic etiology, hospitalized in the Cardiology Depart-
ment of City Clinical Hospital No. 1 (Novosibirsk) for
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ITEJIb UCCJIEJIOBAHUSA

Nayuenne ocobennocreil Teuenuss XCH B 3aBu-
cumocTtd oT Haymuuusa IIMB ¢ o1leHKO# ero Bo3MOK-
HOTO BJIMSHUSI HAa KJIWHUYECKUU IMPOTrHO3 3abosie-
BaHMUI.

MATEPUVAJIBI 1 METO/IbI

B uccnegoBanme BriIwueH 151 narueHT ¢ XCH
HIIIEMAYECKON STHUOJIOTHH, TOCIIUTATU3UPOBAHHBIA
B Kap/IHOJIOTUYECKOE OT/IeJIEHUE TOPOJICKON KIUHH-
yeckoi GosbHUIBI NO 1 HoBOoCHMOWpPCKAa B CBSIBH C
nekomriieHcanuedn XCH. HcciemoBaHue IpOBOIM-
JIOCh TIOCJIE CTAOWIM3AIlUM COCTOSHUS IMaleHTOB
mepes, BBINTUCKOW W3 CTalMoHapa. B pasnpHelem
OCYIIIECTBJ/ISUIOCH MPOCIIEKTUBHOE HAOJIIO/IEHUE 3a
ManyeHTaMy B Te€YEHHE 24 MeC.

Kpumepuu exarouerusn B ucciegosanue: 1) XCH
II-IV dysxnuonanpHOro kiacca (PK); 2) Bospact
50—70 JIET.

Kpumepuu uckatouenus: 1) HelaBHUE CEPIEUHO-
cocyiuctbie coObITHS (MeHee 6 Mec); 2) aKTHBHBIN
MHOKapANT; 3) HAINUKNE TeMOIMHAMUYECKH 3HAUU-
MbBIX TOpa’KEHWM KJIATIAHHOTO armmapara cep/a:
MUTpaJIbHOU peryprutaiuu Boiie II crenenu (cr.),
a0pTAJIbHOTO CTEHO3a C TPAHCAOPTAIBHBIM I'PaJIUeH-
TOM JaBJieHUsI 0OoJjiee 25 MM PT. CT., aOPTAJIbHOH
HEJIOCTATOYHOCTH BBIIIE [ CT., TPUKYyCHUIAITBHOU
peryprutanuu 6osee II cT.; 4) Bo3pacTt <50 u
>70 JIET; 5) MTOJIOKUTEIBHBIN Pe3yJIbTaT TECTA TTOJIH-
MepaszHoU 1ermHod peakrnuu (IT1IP) u/win mooxu-
TeJBbHBI TUTp aHTUTeN Kiacca G k SARS-CoV-2;
6) ocTpble WJIN XpOHUUECKUE 3a00I€eBaHUS TEUeHN;
7) CKOPOCTb KJIyOOUYKOBOU uIbTpaun
<30 mi/muH/1,73 m? o CKD-EPI; 8) Ts1:kesoe Teue-
HHe OpOHXMAJbHONH acTMbl WIH XPOHUYECKOH
00CTPYKTHUBHOU OOJIE3HU JIETKUX; Q) ayTOUMMYHHBIE
3a00J1eBaHuA; 10) 6EPEMEHHOCTD; 11) 3JTOKAYECTBEH-
HbIe HOBOOOPA30BaHUsl; 12) HEBO3MOKHOCTD TIO/IITH-
catb ¢popmy HHHOPMUPOBAHHOTO COTJIACHS.

JIna 0ObeKTUBHON OIEHKHU HCXOJ/IOB KCIIOJIB30-
Baslach KOMOMHUPOBAaHHAsI KOHEUHAS TOYKA, BKJIIO-
YaBIasi TOCIUTATU3AIMIO 110 TTOBOAY JAEKOMIIEHCA-
nuu XCH, HacTyieHre HeOJIarONMpUATHBIX KIUHHU-
YeCcKHX COOBITUH (CepIeuHO-COCyIUCTasi CMePTh,
HedatanpbHbli wWHGApKT Muokapga (MUM) wim
OCTpOe HapyllleHHe MO3TOBOTO KPOBOOOpAaIeHuUs,
TPpoMOOAMOOIINS JIETOYHOH apTepuu) B TeUeHUe
24 Mec IIPOCIEKTHBHOTO HAOJIIO/IEHU.

JHK IIMB B kpoBu BbIABIsIN MeTozoM IIIIP B
peXrMe peasibHOTO BPeMeHH. YPOBEHb ITPOBOCIIAIN-
TeJIbHBIX TUTOKUHOB (PHO-a u WJI-13) B KpoBH orpe-
JIeJISTA METO/IOM UMMYHOGEPMEHTHOTO aHAIH3A.

HccenenoBanue ObLIO TPOBEZEHO B COOTBETCTBUH
C MOJIOKEHUSAMU XeJIbCUHKCKOH JIEKJIapaIliX U 0J10-

CHF decompensation. The study was conducted
after stabilization of the patients’ condition prior to
hospital discharge. Subsequently, a 24-month fol-
low-up for all patients was carried out.

Inclusion criteria: 1) functional class (FC) II-IV
CHF; 2) age 50—70 years.

Exclusion criteria: 1) cardiovascular events less
than 6 months ago; 2) active myocarditis; 3) hemo-
dynamically significant valvular heart lesions: mitral
regurgitation above stage II, aortic stenosis with a
transaortic pressure gradient above 25 mm Hg, aor-
tic wall failure above stage I, aortic regurgitation
stage I, tricuspid regurgitation above stage II; 4) age
<50 and >70 years; 5) positive polymerase chain
reaction (PCR) for SARS-CoV-2 and/or positive anti-
SARS-CoV-2 IgG; 6) acute or chronic liver diseases;
7) glomerular filtration rate <3o ml/min/1,73 m?2
according to CKD-EPI; 8) severe bronchial asthma
or severe chronic obstructive pulmonary disease;
9) autoimmune diseases; 10) pregnancy; 11) malig-
nant neoplasms; 12) inability to sign the informed
consent.

To objectively assess outcomes, a composite end-
point was used, which included hospitalization for
decompensated CHF, occurrence of adverse clinical
events (cardiovascular death, non-fatal myocardial
infarction (MI), acute cerebrovascular accident, or
pulmonary embolism) during 24 months of the fol-
low-up.

CMYV DNA in the blood was detected by real-time
PCR. The blood levels of proinflammatory cytokines
(TNF-a and IL-1B) were determined by enzyme-
linked immunosorbent assay.

The study was conducted in accordance with the
provisions of the Declaration of Helsinki and was
approved by the local Ethics Committee of City Clini-
cal Hospital No. 1 (protocol No. 200 dated January
31, 2019).

Statistical data processing was performed using R
software (version 4.4.3; R Foundation for Statistical
Computing, Vienna, Austria). Analysis of the receiver
operating characteristic curves constructed and cal-
culation of the area under the curve (AUC) was used
to identify predictors of adverse cardiovascular
events. Quantitative data were presented as median
(Me) and interquartile range (25" and 75" percen-
tiles), while qualitative data were presented as abso-
lute values and percentages. Analysis of survival and
occurrence of adverse cardiovascular events were
performed using the Kaplan-Meier method; inter-
group differences were assessed by the log-rank test.
Comparison of long-term outcomes (death and com-
posite endpoint) between CMV-seropositive and
CMV-seronegative groups of patients was made
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OpeHO JIOKaJIbHBIM STUYECKUM KomureroM I'BY3
HCO «T'opoxackas ximHHYeckas OoiabHHUIA N2 1»
(mpotokos N2 200 oT 31.01.2019).

Crarucrtuueckyro 06paboTKy TaHHBIX TPOBOMIIN
C UCIIOJIb30BAaHUEM IPOTPaMMHOTO obecrieueHust R
(Bepcust  4.4.3; R Foundation for Statistical
Computing, Bena, ABctpust). [[yis BBISIBJIEHUS TIpe-
JIUKTOPOB Pa3BUTHA HEOJIATONPUATHBIX CEPJIEYHO-
COCYZTMCTBHIX COOBITUH Hcmomb3oBamun ROC-ananus ¢
ITOCTPOEHUEM XapaKTEPUCTHUECKUX KPUBBIX U pac-
verom AUC (twromazu moj; KpuBoit). KosrmaecTBeH-
HbI€ JJaHHbIE PEJICTABJISIN B BUie Meauanbl (Me) u
MEKKBapTUJIBHOTO HHTepBasia (25-1 U 75-1 MpOLeH-
THJIN), KAYECTBEHHbBIE — B BHJIe aOCOIIOTHBIX 3HaUe-
HUH U MPOIIEHTOB. AHAJIN3 BBKUBAEMOCTH U HACTY-
IUIEHUs] HeOJIarompHUsTHBIX CEePAEYHO-COCYAUCTHIX
coObITHH TpoBoTMIIcs MeTogoM Karutana — Mediepa
C OIIEHKOU MEXTPYIIIOBBIX PAa3JIUYUI 110 JIOTPAHTO-
BOMy KpuTepuio. CpaBHEHUE OT/JaJIEHHBIX HCXOJ0B
(cmepTh W KOMOWHUpOBaHHAs KOHEUHas TOYKA)
MeXy TrpynmnamMu (CEepOmO3UTHBHBIX U CepOHera-
TUBHBIX 1I0 [[MB 60JIbHBIX) MMPOBOJUIIOCH C TIOMO-
b0 0MHOMAKTOPHBIX MOeel perpeccun Kokca.
Bo Bcex CTaTUCTUUYECKUX TeCTaX yPOBEHb 3HAUHUMO-
ctu (ommbKa mepBoOro po/ia) YCTAHOBJIEH HA YPOBHE
0,05.

PE3YJ/IBTATDBI

[To pesynbraTam TeCTUPOBAaHHUs Ha HaJUJUE
IIMB Ha MOMEHT BKJIIOUEHHUs B HCCJIEJOBaHUE BO
BpeMsA TOCHUTAJIM3AIMN B CTAllMOHAD IAI[UEHTOB
pa3fenuad Ha JBE TPYIIbL: CEPOHETaTHBHBIE
(LIMB-) (n = 72), y KOoTOpBIX He ObL1 BhIsiBJIeH [[MB,
U CEPOIO3UTHBHBIE, ¥ KOTOPHIX B KPOBU OIpEJE-
asuies IIMB (ITMB+) (n = 79). Ananu3 mgemMorpadu-
YECKUX U KJIMHUYECKHUX [TapaMeTPOB ITOKA3asl BbICO-
KYIO CTENIEHb COTIOCTABUMOCTH MEXK/IY JIByMs TpyTI-
maMu TMalueHTOB, CTPATU(PUITUPOBAaHHBIMU 10
Hanuuuioo IIMB. YuureiBainuch Takue MOKa3aTeIH,
KakK TI0JI, BO3PACT, UHAEKC MAaCChl TeJIa, KOJTUIECTBO
U JTaBHOCTH IlepeHeceHHbIXx UM, Hajimune MOCTUH-
(apKTHOTO KapAMOCKIIepo3a, GUOPULIAIUN TIpe-
cepAui, a TaKKe peBacKy/sApu3alus B aHAMHE3e
(Tabs. 1). ®K cTeHOKapAUY HA MOMEHT BKJIIOUEHUS B
HCCIE/IOBAaHUE HE TIOKAa3aJ 3HAYHMMbBIX Pa3JIUYUH
(p = 0,081).

[Ipu cpaBHEeHUM CEPOIIO3UTHUBHBIX U CEPOHETa-
TUBHBIX 110 IIMB mainueHTOB BbISIBJIEHBI 3HAUUMbIE
paznuunsa B @K u craguu XCH. Tak, y ceponio3uTuB-
HBIX TAIUEHTOB dallle perucrpupoBasace XCH
IV ©K (31,6 mpotuB 16,7 %, p = 0,042) u II cragun
(41,8 mpotuB 25,0 %, p = 0,043). Pe3yabTaTh! TECTA
6-MUHYTHOH XOJIbOBI TaK’Ke IIPOIEMOHCTPUPOBAIN
CYIIIECTBEHHBIE Pa3JIUUMSA: CEPOIO3UTHBHbBIE TIAIIH-

using univariate Cox regression models. In all statis-
tical tests, the significance level (type I error) was set
at 0,05.

RESULTS

Based on the results of CMV testing at the time of
enrollment in the study during hospitalization,
patients were divided into two groups: seronegative
(CMV-) (n = 72) and seropositive (CMV+) (n = 79)
patients.

The analysis of demographic and clinical factors
showed a high degree of comparability between the
two groups of patients stratified by CMV status. Such
factors as sex, age, body mass index, number and
time since prior myocardial infarctions, presence of
post-infarction cardiosclerosis, atrial fibrillation,
and history of revascularization were analyzed
(Table 1). The FC of angina at the time of enrollment
showed no significant differences (p = 0,081).

When comparing CMV-seropositive and CMV-
seronegative patients, significant differences were
found in FC and stage of CHF. Specifically, seroposi-
tive patients more frequently had FC IV CHF (31,6%
vs. 16,7%, p = 0,042) and stage II CHF (41,8% vs.
25,0%, p = 0,043). The results of the 6-minute walk
test also demonstrated significant differences: sero-
positive patients walked a shorter distance
(p = 0,031). Additionally, seropositive patients had
significantly higher N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels (p = 0,001).

The groups were comparable in all echocardio-
graphic parameters. However, seropositive patients
had lower values of left ventricular ejection fraction
(LVEF) compared to seronegative ones (41,0% [37,0;
46,0] vs. 44,0% [38,8; 57,0], respectively, p = 0,095).

The dynamics of CHF FC during the 24-month
follow-up are shown in Fig. 1. CMV-seronegative
patients demonstrated a better positive dynamics of
CHF FC compared to CMV-seropositive patients.
Among seronegative patients, FC I CHF was regis-
tered in 18,3% of cases after one year of the follow-up
(compared to 5,6% in seropositive patients) and in
17,1% after two years of the follow-up (compared to
8,2% in seropositive patients), respectively. Also, in
seronegative patients, a decrease in the number of
patients with FC III-IV CHF was observed: from
48,6% at baseline (compared to 70,8% in seroposi-
tive patients) to 39,5% after one year (compared to
61,1% in seropositive patients), and to 41,4% after
two years of the follow-up (compared to 65,6% in
seropositive patients).

In seronegative patients, LVEF showed a ten-
dency to increase during the follow-up: from a base-
line value of 44,0% [38,8; 57,0] to 47,0% [38,3; 55,8]
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Ta6smua 1. KnuHuko-geMmorpaduyeckas XxapakTepUCTHKA UCC/IeJOBAaHHBIX TPYII B 3aBUCUMOCTH OT HOCHUTEJIbCTBA
IIUTOMerajoBHUpyca
Table 1. Clinical and demographic characteristics of the studied groups depending on cytomegalovirus carrier status

XapaKTepHCTHKA Bce nauneHTs LIIMB- IIMB+

Chgracterl"istic All patients CMV- CMV+ p
(n=151) (n=72) (n=79)

[ToJs1, My>K4YUHBI 94 (62,3) 43 (59,7) 51 (64,6) 0,395

Gender, men, n (%)

UMT, kr/m? | BMI, kg/m? 29,2 [24,9; 32,7] 30,3 [25,6; 34,4] 27,7 [24,5; 31,9] 0,132
Bo3zpacr, jieT 59 [53; 63] 57,5 [53; 63] 59 [53; 63] 0,262
Age, years
ITUKC / PICS, n (%) 96 (63,6) 45 (62,5) 51 (64,6) 0,911
KoanyectBo UM B aHaMHe3e, 0,518
Number of MIs in a history, n (%):

0 55 (36,4) 27 (37,5) 28 (35,4)

1 67 (44,4) 32 (444) 35 (44,3)

2 22 (14,6) 10 (13,9) 12 (15,2)

3 4(2,6) 1(1,4) 3(3,8)

4 3(2,0) 2(2,7) 1(1,3)
JaBHocTb UM, seT 3,0 [2,0; 4,0] 2,5[2,0; 4,0] 3,0[2,0; 4,0] 0,489
Time since last MI, years
dubpunauus npejcepau, 55 (36,4) 21(29,2) 34 (43,0) 0,098
Atrial fibrillation, n (%)
PeBackynsipusanus B aHaMHe3e, 109 (72,2) 52 (72,2) 57 (72,2) 1,0
History of revascularization, n (%)
OK creHokapauu HanpsbkeHus, n (%) 0,081
FC of angina pectoris, n (%):

Il 49 (32,5) 27 (37,5) 22 (27,8)

I 58 (38,4) 28(38,9) 30 (38,0)

IV 44 (29,1) 17 (23,6) 27 (34,2)
Cramus XCH, n (%) 0,043
Stage of CHF, n (%): 100 (66,2) 54 (75,0) 46 (58,2)

I 51(33,8) 18 (25,0) 33 (41,8)

11
®K XCH / FC CHF, n (%): 0,042

II 60 (39,7) 37 (51,4) 23(29,1)

[1 54 (35,8) 23(31,9) 31(39,2)

I\ 37 (24,5) 12 (16,7) 25 (31,6)

TIIX, M / 6MWT, m
NT-proBNP, ir/mu (pg/ml)
XOBJI / COPD, n (%)

261,0 [173,5; 348,5] 325,5 [208,5; 364,01 230,0 [136,5; 324,0] 0,031
416,0 [312,0; 670,0] 350,0 [281,0; 449,0] 580,0 [378,0; 735,5] 0,001
28 (18,5) 13 (18,1) 15 (19,0) 0,948

CK® <30 ms1/mMun/1,73 M2 50,0 [40,0; 57,0] 48,5[39,0; 57,0] 52,0 [41,0; 57,5] 0,188
GFR <30 ml/min/1,73 m?

HapyuieHue yryieBoiHOro o6MeHa 20 (13,2) 10 (13,9) 10 (12,7) 0,868
Carbohydrate metabolism disorder, n (%)

®B JIXK, % / LVEE, % 42,0 [37,0; 51,0] 44,0 [38,8; 57,0] 41,0 [37,0; 46,0] 0,095
KJIP, mm / EDD, mm 55,0 [50,0; 60,0] 54,0 [50,0; 59,0] 56,0 [50,5; 61,5] 0,365
KCP, mm / ESD, mm 43,0 [38,0; 48,0] 41,0 [36,8; 47,0] 45,0 [38,5; 49,0] 0,07
MXII, mm / IVS, mm 12,5 [12,0; 13,5] 12,2[11,9; 13,2] 12,9 [12,0; 13,9] 0,721
3CJ/K, MM / LVPW, mm 13,5 [13,0; 14,0] 13,4 [12,8; 14,0] 13,0 [12,0; 14,0] 0,837

[Ipumeduasnue. LIMB-uuromeranosupyc; UMT - unaekc maccol Tesa; [IMKC - nocTuHpapKTHLIN Kapauockiaepos; UM - nndapkt
muokapzaa; ®K - ¢yHkunonanbHbid Kiacc; XCH - xpoHuyeckas cepaedHasi HeJlocTaTOYHOCTb, TIIX - TecT mecTUMUHYTHOH X0b6bI; NT-
proBNP - mpezumiecTBeHHUK MO3roBOro HaTpuilypeTudeckoro nentuza; XOBJI - xpoHudyeckass o6CTpyKTUBHA 6GoJie3Hb Jjerkux; CKO -
CKOpOCTb KJy604ykoBoi duabrpauuu; @B JIXK - dppakuus Bei6poca sieBoro xkeayaodka; KJP - koHedHbIH guacTosmvyeckuit pasmep; KCP -
KOHeYHbIH cucTosnyeckuit paamep; MXKII - mexckesnynoukoBas neperopogka; 3CJ/IDK - 3a/iHss cTeHKa JIeBOIO »KeJlyZj04uKa.

Abbreviations: CMV - cytomegalovirus; BMI - body mass index; PICS - post-infarction cardiosclerosis; MI - myocardial
infarction; FC - functional class; CHF - chronic heart failure; 6MWT - 6-minute walk test; NT-proBNP - N-terminal pro-brain natriuretic
peptide; COPD - chronic obstructive pulmonary disease; GFR - glomerular filtration rate; LVEF - left ventricular ejection fraction; EDD - end-
diastolic dimension; ESD - end-systolic dimension; IVS - interventricular septum; LVPW - left ventricular posterior wall.
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at baseline at baseline

M ©KI/FCI ®KII / FCII

after 1 year

after 1 year after 2 years after 2 years

OKIII / FCIII @KIV / FCIV

Puc. 1. Tunamuka pyaknuonanpHoro kiacca (OK) xporuueckolt cepzieaHol HeocratouHoctd (XCH) y manpeHTOB
B 3aBHCHMOCTH OT HOCHUTEJIBCTBA IuTOMerasiopupyca (LIMB) B TeueHHe 24-MeCcsSuHOT0 eprozia HabIroieHus
Fig. 1. Dynamics of functional class (FC) of chronic heart failure (CHF) in patients depending on cytomegalovirus (CMV)
carrier status during the 24-month follow-up

€HTHI ITPOXO/IHJITH MEHBIITYIO JUCTAHIIHIO (P = 0,031).
Taxk>ke y cepOITO3UTHUBHBIX AI[EHTOB BhISABJIEH 3HA-
yuMo Oosee BbICOKMH ypoBeHb NT-proBNP
(p = 0,001).

ITo Bcem sxokapaumorpaduUUecKkuM MHapamMerpam
HCCIIe/I0OBaHHBIE TPYIINBI OBIM COTIOCTaBUMBI. Tem
He MeHee y cepomno3uTuHbIx mnamnueHtoB ®B JIK
umesa 6ojiee HHU3KWE 3HAUEHHSA II0 CPAaBHEHUIO C
CEpPOHETaTUBHBIMU MalueHTaMu (41,0 % [37,0; 46,0]
u 44,0 % [38,8; 57,0] COOTBETCTBEHHO, p = 0,095).

Junamuka ®K XCH B TeueHHe 24-MeCSIUHOTO
MMPOCIIEKTUBHOTO HAOJIOZIEHUsT TIpeJicTaBjeHa Ha
puc. 1. Y ceporHeratuBHbIX 110 IIMB nanjueHTosB 3ape-
TUCTPUPOBAHA JIydIllasi MOJIOKUTEIbHAS JUHAMUKA
®K XCH 1o cpaBHEHHUIO € CEPOTIO3UTUBHBIMU OOJIb-
HBIMU. Y CEpOHEraTUBHBIX OOJIPHBIX 4Yepe3 TOoj
nabsonenuss XCH @K I Berpeuasnach B 18,3 % city-
yaeB (IPOTHUB 5,6 % Y CEpOIIO3UTUBHBIX) Uy 17,1 % —
yepes 2 roga HaOoeHus (IpoTuB 8,2 % y ceporio-
3UTHBHBIX) COOTBETCTBEHHO. TaKkKe cpeau y cepoHe-
raTuBHBIX 601bHBIX XCH Ha0110/1a710Ch YMEHBITIEHHE
kosunuectBa jutl ¢ [II-IV OK: npu ucxoiubix 48,6 %
60JIBbHBIX (TIPOTHUB 70,8 % y CEPOTO3UTUBHBIX HAIIH-
€HTOB) J10 39,5 % depes oy, (mpoTus 61,1 % y cepo-
MMO3UTHUBHBIX MAIIUEHTOB), a YePe3 JIBa rojia HabJIIo-
neHust — 41,4 % (IpoTus 65,6 % y CepOMO3UTHUBHBIX
Al eHTOB).

after 2 years (p = 0,108) (Fig. 2). In the group of
seropositive patients, conversely, LVEF showed a
tendency to decrease: from a baseline value of 41,0%
[37,0; 46,0] to 40,0% [35,0; 47,0] after 2 years
(p = 0,823). Moreover, after 24 months of the follow-
up, LVEF was significantly higher in seronegative
patients compared to seropositive patients
(p = 0,001).

Analysis of the occurrence of adverse cardiovas-
cular events according to the composite endpoint in
CMV-seropositive and CMV-seronegative patients
with CHF was performed using the Kaplan-Meier
method (Fig. 3). Adverse cardiovascular events and
deaths within 24 months after hospitalization for
decompensated CHF  occurred significantly
(p < 0,001) more frequently in seropositive patients
than in seronegative patients.

Significantly higher levels of TNF-a and IL-1
(p < 0,05) were recorded in CMV-seropositive
patients compared to CMV-seronegative (Table 2).

Univariate analysis revealed a high risk of death
(relative risk (RR) = 8,57; 95% confidence interval
(CD = 1,98-37,1; p = 0,004) and achieving the com-
posite endpoint (RR = 3,17; 95% CI = 1,78-5,64;
P < 0,001) in seropositive patients within 24 months
after hospitalization for decompensated CHF
(Table 3). At the same time, the levels of proinflam-
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Puc. 2. [lunamuka ¢pakiiuy BbIOpPOca JIEBOTO KEJY0YKA B 3aBUCHIMOCTH OT HOCUTEJIBCTBA [IUTOMETAJIOBUPYCA:
A- CEepOHETaTUBHbIC ITAITEHTDI; B- CEPOITIO3UTUBHBIE TAITUEHTHI
Fig. 2. Dynamics of left ventricular ejection fraction depending on cytomegalovirus carrier status:
A - seronegative patients; B — seropositive patients

®B JI?K y cepoHeraTUBHBIX OOJIBHBIX ITOKa3ajia
TEHJIEHIINI0O K YBEJIMUYEHUIO B TeUeHHe Iepuo/ia
MPOCIIEKTUBHOTO HAOJIOJIEHUs: MPH HCXOJHOM
3HaUeHuHU 44,0 % [38,8; 57,0] uepes 2 royia ysenu-
qusach 10 47,0 % [38,3; 55,8] (p = 0,108) (puc. 2).
B rpyrmme ceporno3uTUBHBIX OOJIBHBIX, HAIIPOTHB,
OB JIXK nnokazasa TeH/IeHIIUIO K YMEHbIIIeHUIO: IPU
HCXOTHOM 3HaueHUH 41,0 % [37,0; 46,0] depes
2 roja yMeHBIIWIACh JI0 40,0 % [35,0; 47,0]
(p = 0,823). IIpu 5TOM y CepOHETaTUBHBIX MaIlHEH-
TOB 4yepe3 24 mec Habmwaenus ®B JI)K 6puia 3Ha-
YUMO BBIIIIE [0 CPABHEHUIO C CEPONO3UTHUBHBIMU
(p = 0,001).

I[IpoBesen aHanMU3 BEPOSITHOCTU  Pa3BUTHUA
HeOJIaTOIPUATHBIX CEPAEUHO-COCYIUCTBIX COOBITHM
110 KOMOMHUPOBAHHOU KOHEYHOU TOUKE Y CEPOTIO3H-
TUBHBIX U CepOHeraTuBHbIX N0 1IMB manueHTOB C
XCH c ucnionip3oBanueM Meroza Kamana — Matiepa
(puc. 3). HebaronmpusiTHbIE CEPAEUHO-COCYAUCTHIE
cOOBITHS U JIETAJIbHBIE UCXOJbl B TEUEHUE 24 MeC
IOCJIe TOCIUTAIN3AIINH B CBA3HU C JIeKOMITEHCAITuen
XCH y cepONO3UTHBHBIX NAIIUEHTOB PETUCTPUPOBA-
Juch 3HaunMo (p < 0,001) 4ale, YeM y cepoHera-
TUBHBIX.

VY ceponosutuBHbIXx 10 [IMB GoipHBIX 3aperu-
CTPUPOBaHbI 3HAYUMO (p < 0,05) Oojiee BBICOKHE
ypoBau ®HO-a u NJI-1 mo cpaBHEHHIO C cepoHera-
TUBHBIMH IaleHTamu (Tadi. 2).

I[Ipu npoBeaeHun OAHOG(GAKTOPHOTO AaHAJIN3A
BBISIBJIEH BHICOKUH PUCK JIETAIHHOTO Hcxoza (0THO-
curtenbHbIH puck (OP) = 8,57; 95% /ToBepUTETbHBIN
uHTepBan (JIN) = 1,98-37,1; p = 0,004) U HACTy-
IJIEHHUsA COOBITHS 10 KOMOMHUPOBAHHON KOHEUHOM
touke (OP = 3,17; 95% JIU = 1,78—5,64; p < 0,001)
Yy CepONO3UTHUBHBIX MAIMEHTOB B TEUEHHE 24 MeC

matory cytokines and NT-proBNP demonstrated a
lower risk of fatal outcome and achieving the compos-
ite endpoint compared to CMV-seropositive patients.

DISCUSSION

The results of our study indicate that CMV-seropos-
itivity in patients with CHF is closely associated with
left ventricular remodeling and the severity of CHF.
The results obtained demonstrate a pattern of the
inflammatory process in CHF in patients with CAD. It
has been shown that the level of proinflammatory cyto-
kines increases in CMV-positive patients with CHF and
CAD. Associations were identified between structural
and functional characteristics of the heart, the occur-
rence of adverse cardiovascular events, and CMV car-
rier status, indicating the influence of the infectious
agent on the progression of myocardial remodeling in
patients with CAD and CHF.

Inflammation is a critical factor influencing the
pathogenesis and progression of CHF. Cardiomyo-
cyte dysfunction and pathological extracellular
matrix remodeling occur as secondary effects of
chronic low-grade inflammation, which leads to
increased myocardial stiffness and reduced ventricu-
lar compliance [10]. Identifying new inflammatory
mechanisms that trigger key pathophysiological pro-
cesses in CHF is crucial to better understand the
development and progression of the syndrome, as
well as for creating new therapeutic strategies.

Genetic, environmental, or pathogenic factors
can contribute to the development and/or progres-
sion of cardiovascular diseases, and viral infection
accompanied by myocardial inflammation is a well-
known factor that can lead to myocardial dam-
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Puc. 3. KpuBble BEpOSITHOCTH HACTYILIEHUs HEGIATOIPUATHBIX CEPAEUHO-COCYUCTHIX COOBITHIMA
B TEUEHHE 24 MeC B 3aBUCHMOCTH OT HOCUTEJILCTBA IuToMeranoBupyca (IIMB):
A — cBoOOzIa OT COOBITHI; B — BEPOATHOCTH BHIXKUBAHUSA
Fig. 3. The curves of adverse cardiovascular events over 24 months depending on cytomegalovirus (CMV) carrier status:
A — event-free survival; B — survival chance

[IOCJIE TOCIIUTAIN3AIINH B CBSI3H C IEKOMIIEH caIuen
XCH (tabxa. 3). Ilpu 5TOM YpOBHU IPOBOCIIAJIH-
TEJIPHBIX IIUTOKWHOB U IPEAIIECTBEHHUKA MO3TO-
Boro Hatpuiyperudeckoro nentuga (NT-proBNP)
Yy CepOHETATHBHBIX HAIUEHTOB IPOJIEMOHCTPUPO-
BaJTU MEHBIIINH PUCK PA3BUTHSA JIETAJIBHOTO UCX0/1a
U HACTYIUIEHUS COOBITHS MO KOMOWHHUPOBAHHOU
KOHEYHOH TOUYKE I10 CPABHEHUIO C CEPOIIO3UTHUB-
HbIMH 110 IIMB 601bHBIMU.

age [11]. The acute form of the disease may be directly
associated with viral infection, as confirmed by the
presence of the viral genome, histological examina-
tion of cardiac tissue, and clinical symptoms [12].
However, it is unclear whether the long-term pres-
ence of viral genomes in human cardiac tissue can
induce a similar effect over time. This question is
particularly important given that viral genomes are
regularly detected in heart tissue samples from
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Ta6s1una 2. YpoBHH LIUTOKUHOB B 3aBUCHMOCTH OT HOCUTE/ILCTBA LIUTOMEraJI0OBUPYCa, 1T/ MJI
Table 2. Cytokine levels depending on cytomegalovirus carrier status, pg/ml

LUTOKHUH Bce nanueHThI IIMB- / CMV- IMB+ / CMV+ p
Cytokine All patients (n=72) (n=79)

®HO-a / TNF-at 7,4 [5,4; 10,4] 5,5[4,3; 7,5] 9,1[6,6;11,4] 0,001
WI-18 /IL-1B 17,1 [14,7; 21,6] 15,2 [12,4;17,5] 19,5 [16,2; 23,7] 0,03

IpumeuyaHnmue.
Abbreviations:

LIMB - yutomeranoBupyc; PHO-a - pakTop Hekposa onyxoau-o; UJI-1f - unTepaedkuH-1[3.
CMV - cytomegalovirus; TNF-a - tumor necrosis factor-a; IL-1f - interleukin-1.

Ta6auna 3. OTHOCUTEIbHBIA PUCK PAa3BUTHSI HeGIarONMPUATHBIX CEP/EYHO-COCYAUCTBIX COOBITUN

Table 3. Relative risk of adverse cardiovascular events

JleTa/JIbHOCTh KoMGuHMpOBaHHAsA KOHEeYHasA TOYKa
IlokasaTeJ/ib Mortality Combined endpoint
Parameter

OP/RR 95% /U /CI p OP /RR 95% AU / CI p
IMB+ / CMV+ 8,57 1,98-37,1 0,004 3,17 1,78-5,64 <0,001
NT-proBNP, na 100 nir/ma | per 100 pg/ml 1,17 1,04-1,31 0,009 1,20 1,12-1,28 <0,001
®HO-o, nr/ma | TNF-a, pg/ml 1,22 1,09-1,38 <0,001 1,21 1,12-1,30 <0,001
WJ1-1B, ir/ma | pg/ml 1,14 1,06-1,24 <0,001 1,10 1,05-1,15 <0,001

[IpumMevyaHue.

OP - oTHOcuTenbHBbIN pUCK; [IU - noBepuTeNbHBIN UHTepBas; LIMB+ - cepono3uTHUBHBIE 110 LIUTOMEraJ0BUPYCY

nauueHTbl; NT-proBNP - mpejuiecTBeHHMK M03roBoro HaTpuilypetuyeckoro nentuja; PHO-a - daktop Hekposa onyxosu-a; WUJI-18 -

HWHTepJIeHKUH-10.
Abbreviations:

RR - relative risk; CI - confidence interval; CMV+ - cytomegalovirus-seropositive patients; NT-proBNP -

N-terminal pro-brain natriuretic peptide; TNF-a - tumor necrosis factor-o; IL-1 - interleukin-1p.

OBCYKAEHUE

PesysibraThl MpPOBEIEHHOTO HAMH HCCJIEIOBAHUSA
CBUJZIETEJILCTBYIOT O TOM, UYTO CEPOIO3UTHUBHBIN IO
IIMB undexkmuu ¢oH B IJIa3Me KPOBU MAIEHTOB C
XCH TecHO B3aMMOCBA3aH C PEMOEIUPOBAHUEM
JIEBOT'O JKeJIyZlouKa U TsxkecTbio TedeHuss XCH. ITosy-
YeHHBbIE Pe3yJIbTAaThl JIEMOHCTPUPYIOT 3aKOHOMep-
HOCTBb BOCIAJIUTEBHOTO mporiecca mpu XCH y 6oi1b-
vpix MBC. ITokasano, yrto npu XCH y manueHToB ¢
NBC npu Hayimunu 1IMB nosbiiiaercs ypoBeHb IIpo-
BOCHAJIUTEIbHBIX ITUTOKUHOB. BBIsSBIEHBI B3auMOC-
BA3U MEXAYy IlapaMeTpaMu CTPYKTYPHO-(PYHKITHO-
HJIBHOTO COCTOSIHUWA CEp/Illa, Pa3BUTHEM HebJIaro-
MPUATHBIX  CEPAEUYHO-COCYUCTBIX  COOBITMH |
HocuresnbcTBOM [IMB, uTO ykasplBaeT Ha BJIUSAHUE
UHQEKIMOHHOTO areHTa Ha IIPorpeccupoBaHUe peMo-
JleTupoBaHus Muokap/a y 6opHbix IBC ¢ XCH.

Bocriasienue siBisieTcsi BasKHEHITUM (aKTOPOM,
BJMAIOIIMM Ha TNaToreHe3 W IIPOrPECCHPOBAHUE
XCH. IuchyHKIHA KapAAOMHUOIMTOB U TAaTOJIOTH-
YecKoe pemMoeTupoBaHue BHEKJIETOYHOTO
MaTpUKCa BO3HUKAIOT KaK BTOpUYHbIE 3D EKTHI
XPOHHYECKOTO BSJIOTEKYI[ETO0 BOCHAJIEHUs, IIPUBO-
JISITIIETO K MOBBINIIEHUTO )KECTKOCTA MUOKap/a 1 CHU-
JKEHUIO TIOJIaTJIMBOCTU KEJIyJIOUKOB [10]. BrisBite-
HU€ HOBBIX BOCIIAJIUTEIbHBIX MEXAHU3MOB, 3aITyCKa-
IOIUX KJIIOUEBbIE TATO(U3UOJIOTHUUECKHE ITPOIECCHI

healthy individuals in the absence of clinical symp-
toms. The potential presence of viral proteins in car-
diac tissue, which may result from delayed clearance,
may contribute to chronic inflammation, that, in
turn, may negatively affect cardiac function [11].

The inflammation observed in patients with CHF
may result from increased expression of proinflam-
matory cytokines in response to cardiomyocyte dam-
age, as well as a rapid adaptation to the stress experi-
enced by these cells [13]. At the same time, an
increase in the level of proinflammatory cytokines
leads to the progression of cardiac pathology due to
their damaging effects on cardiac cells and systemic
blood flow. Accordingly, an increase in the concen-
tration of proinflammatory cytokines during physio-
logical aging and in certain chronic diseases are
events that occur simultaneously [14].

Currently, little is known about the antigens
involved in T-lymphocyte differentiation during
immune system aging in the context of CHF progres-
sion. T-lymphocytes can be repeatedly and continu-
ously activated over time by the antigens of chronic
infections, and this continuous activation may drive
the progression of inflammation and potential tissue
damage. To date, one of the main known inducers of
T-cell differentiation is CMV. CMV reactivation
occurs during immune system aging, and the titer of

Journal homepage: http://jsms.ngmu.ru
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npu XCH, uMmeeT nepBOCTelleHHOe 3HA4YeHHE MAJIs
JIy4Ilero MOHUMAaHUSA Pa3BUTUS U IIPOTPECCHPOBa-
HUA CHUH/APOMA, a TakKe Jid pa3pabOTKU HOBBIX
TepareBTHYECKHUX CTPATETHH.

leneTnueckue, S5KOJIOTUYECKUE WJIN ITaTOTEHHBIE
(axTopsl MOTyT CIIOCOOGCTBOBATh Pa3BUTHIO H/HJIN
IIPOTPECCHPOBAHUIO CEPEYHO-COCYAUCTHIX 3a00sIe-
BaHUH, a BUpPyCcHas HHOEKITUs, COTPOBOK/IAIOIIAAC
BOCIIJIEHEM Cep/I€YHON MBIIIIIBI, ABJISAETCA XOPOIIO
M3BECTHBIM (AKTOPOM, CIOCOOHBIM IIPDUBECTH K
nopakeHur0 Muokapaa [11]. Ocrpas dopma 3abose-
BaHUSA MOKET ObITh HAIPAMYIO CBA3aHA C BUPYCHOH
nHQEKIUEN, YTO MOATBEPK/IATI0Ch HATMYUEM BHUPYC-
HOTO TeHOMa, THCTOJIOTHYEeCKUM HCCIIe/JOBAaHUEM Cep-
JIEYHON TKAHU U KIMHUYECKHMMH CHUMITOMamu [12].
O/1HaKO HEACHO, MOXKET JIN JJTUTETHHOE IIPUCYTCTBHE
BUPYCHBIX T€HOMOB B TKAQHX U€JIOBEUECKOTO CepIa
€O BpeMeHeM BBbI3BATh AHAJIOTUYHBIN 3¢ deKT. ITOT
BOIIPOC O0CODEHHO BayKeH, YUUTBHIBASA, UTO BUPYCHBIE
TEeHOMbBI DETrYJIAPHO OOHAPY:KUBAKOTCA B 00pasmax
Cep/la 3710POBBIX JIIO/IEH IIPU OTCYTCTBHH KJIMHUYE-
CKHUX CHUMITOMOB. [lOoTeHIMasbHOE IIPUCYTCTBHE
BHUDPYCHBIX O€JIKOB B CEPJIEYHON TKAHH, KOTOpPOE
MOJKET OBITh PE3YJIFTATOM 3aMe]IJIEHHOTO BBIBEIe-
HU#A, CIIOCOOCTBYET XPOHUYECKOMY BOCIIQJIEHHUIO, UTO,
BEPOSITHO, HETATUBHO BJIUSET Ha paboTy cepana [11].

BocniasieHne, oOHapy:KeHHOE y NAIMEHTOB C
XCH, moxkeT OBITH CJIEACTBUEM YBEJIMUEHHUS DKC-
IIPECCUH TIPOBOCIIINTENBHBIX IUTOKHHOB B OTBET
Ha IIOBpEXK/EHHE KapJHOMHOIIUTOB, a TaKKe
OBICTPOM alallTalliil K CTPECCY, HCIIBITHIBAEMOMY
9TUMU KJeTKaMu [13]. BmecTe ¢ Tem yBesnmueHwne
YPOBHSI TPOBOCHAJIUTEIBHBIX IIUTOKWHOB IIPUBOJIUT
K IIPOTPECCUPOBAHUIO CEP/IEYHON MAaTOJIOTUN M3-3a
UX IIOBPEXKAIOIIETO BO3/IENCTBUA Ha KJIIETKU CEPATIA
Y CUCTEMHBIA KPOBOTOK. COOTBETCTBEHHO, TIOBBIIIIE-
HUe KOHIIEHTPAI[UU MPOBOCIAJIUTENBHBIX IIUTOKH-
HOB IIpU (HUBHOJIOTUYECKOM CTAPEHUU U IIPU HEKO-
TOPBIX XPOHHYECKHX 3a00JIeBaHUAX COOBITHAMHU
MIPOMCXOUT OJTHOBPEMEHHO [14].

B HacrosIee BpeMsa Mayio U3BECTHO 00 aHTHTe-
Hax, ydacTByIoIux B 1uddepennuposke T-mumdo-
IIUTOB B IIPOIlecce CTapeHMA MMMYHHOH CHCTEMBI B
koHTekcTe TeueHuss XCH. T-numdorursl moryT
MHOTOKPATHO ¥ HEMPEPHIBHO AKTHUBHUPOBATHCI C
TeUYeHWeM BpEMEHH AaHTHTeHAaMU XPOHHYECKUX
UHOEKIUN, U 3Ta HellpephIBHAS aKTHUBAIUS MOXKET
OBITH IPUYUHOHN IPOrPECCUPOBAHUS BOCHIATIEHUS U
BEPOATHOTO INOBPEXXIeHUA TKaHed. Ha ceropusm-
HUH IeHb OJHUM 13 OCHOBHBIM N3BECTHBIX MHYKTO-
poB nuddepeniiupoku T-kinetok sasiserca [TMB.
AKTHBaIuA 5TOr0 BUpyca IPOUCXOAUT HA (poHe cTa-
peHUs UMMYHHOU CUCTEMBI, a TAK)Ke TUTP AaHTHUTEJI K
IIMB acconuupoBaH ¢ IMMYHOKOMIIETEHTHOCTBIO U

CMV antibodies is associated with immunocompe-
tence and the lymphocyte differentiation degree in
elderly individuals [15].

CMV carrier status in patients with CHF of isch-
emic nature indicates a possible pathogenetic role of
the infectious agent in CHF progression, which, in
turn, is determined by proinflammatory cytokine
expression that significantly influences the course of
these processes. The results of our study suggest that
the detection of CMV in the blood plasma allows an
objective assessment of the severity of the process
and may serve as an important prognostic test in
evaluating the course of heart failure in patients with
CAD, thereby optimizing both the diagnosis and
treatment of these patients.

Understanding the immuno-inflammatory mech-
anisms of CHF of ischemic nature is of fundamental
importance for the development of new approaches
to understand the heart failure pathogenesis, as well
as a novel, more effective treatment strategies and
secondary prevention of heart failure (for example,
through the use of immunomodulators), and for
understanding the mechanisms of action of conven-
tional pharmaceuticals.

The relationship between CHF severity and pro-
inflammatory cytokine levels was demonstrated in
other studies [16]. It has been shown that the proin-
flammatory cytokine level correlates with increased
mortality [17], but this has not previously been ana-
lyzed in the context of CMV infection in CHF,
although the role of CMV infection as a marker of
disease severity in acute HF and its possible involve-
ment in the development and worsening of other car-
diac pathologies have been demonstrated earlier
[18, 19]. Our study demonstrates an association
between more severe functional status, proinflam-
matory cytokine levels, and CMV-seropositivity.
CMV-seropositive patients have higher concentra-
tions of proinflammatory cytokines. Given our
results, it is possible to suggest that vaccination
against CMV in early childhood or after verification
of the diagnosis of CHF may also be a strategy to
improve the functional status of patients with this
pathology [20].

CONCLUSION

CMV carrier status is a risk factor for an unfavor-
able course of CHF: cardiovascular events and lethal
outcomes within 24 months after hospitalization for
decompensated CHF occur significantly more often
in CMV-seropositive patients compared to CMV-
seronegative patients. Moreover, seropositive
patients exhibit elevated levels of proinflammatory
cytokines with underlying CHF decompensation,

114

Journal homepage: http://jsms.ngmu.ru



Shilov S.N. et al. / Journal of Siberian Medical Sciences Vol. 10, No. 2 (2026)

crenieHpl0 AU depeHIupoBKH  JTUMOOLUTOB Y
MOXKUJIBIX JIIozel [15].

Hanuuue IIMB y nanuenTtoB ¢ XCH umemuue-
CKOT'0 reHe3a yKa3blBaeT Ha BO3MOKHYIO IIaTOreHe-
TUYECKYI0 poJib UH(PEKIIMOHHOIO areHTa B IIporpec-
cuposanuu XCH, 4To, B CBOIO O4epe/ib, IOTEHIIUPY-
eTcs HKCIIpeccrel TPOBOCHAIUTEIbHBIX IUTOKUHOB,
OKa3bIBAIOIINX 3HAUYUMOE BJIUAHNE Ha TedeHue yKa-
3aHHBIX TIPOIleccOB. Pe3ynbTaThl Haleld paboThI
CBUJIETEJIBCTBYIOT O TOM, UTO onpeziesaernue [IMB B
IJIa3Me KpPOBU II03BOJIAET OOBEKTUBHO OLIEHUTH
TSKECTD MPOIECCa U MOKET ObITh BaYKHBIM ITPOTHO-
CTUYECKUM TecTOM B o1leHKe TeueHuss CH y 601bHBIX
NBC, uTo 1M03BOJISIET ONTUMU3UPOBATH KaK JUArHO-
CTUKY, TaK U JIeYeHUE JaHHBIX MAIlHEHTOB.

IToHuMaHMe UMMYHOBOCIIAJINTEIbHBIX MEXaHU3-
MoB XCH wumeMu4eckoro rese3a uMeeT HUCKJIIOUH-
TeJlbHOE (yHJaMeHTaJIbHOEe 3HAuYeHHe JJid paspa-
OOTKH HOBBIX ITOAXOZOB K H3YYEHHUIO IATOreHe3a
CH, a Takxe HOBOU Oosiee 3¢ PEKTUBHOU CTpATEruu
JledeHus U BTopuuHOH npodunaktuku CH, Hampu-
Mep, € HCIOJb30BaHHEM HUMMYHOMOIYJISATOPOB, U
[IOHMMAaHUs MEXaHU3MOB JIEHCTBUA yKe IPUMeHsIe-
MBIX (hapMaKOJIOTHYECKHUX IIPENIAPATOB.

Bzanmocsasp Mmexay TsokecTbio XCH 1 ypoBHEM
IIPOBOCHAJIUTEIbHBIX IUTOKUHOB IIPOJEMOHCTPUPO-
BaHa B JIpYTUX HCCIeN0BaHUAX [16]. ITokazaHo, UTO
YPOBEHB IPOBOCIIATIUTEIBHBIX IIUTOKUHOB KOppeJIu-
PYET ¢ TOBBIIIEHHOW CMEPTHOCTHIO [17], HO paHee
Takasg KOppeJAlusa He aHAJIM3UPOBAJIACh B KOHTEK-
cre IMB undexnuu npu XCH, xora posp IIMB
nHOQEKINY KaK MapKepa TsKecTH 3a001eBaHus IPU
octpoii CH u ee BO3MOKHO€E yJacTHe B pa3BUTHHU U
VXYAUIEHUU JIDYTUX CEP/AEYHBIX IaTOJIOTUU IIpoje-
MOHCTpHUpOBaHa paHee [18, 19]. B Hamem wuccieso-
BaHUU MTOKa3aHA B3aMMOCBIA3b MEXAY OoJjiee TsKe-
JIBIM (PYHKIIMOHAJIBHBIM CTaTyCOM, YPOBHAMHU IIPO-
BOCIIQJINTEIBHBIX IUTOKUHOB U CEPOIIO3UTUBHOCTHIO
nanuentoB no I[MB. CepomosutuBHblE (OJIbHBIE
UMeloT 6ojiee BBICOKYIO KOHIIEHTPAIIMIO ITPOBOCIA-
JINTEJIbHBIX IIUTOKWHOB. YUUTBIBas HAIIU pe3yJib-
TaThl, MOKHO TOBOPUTD O TOM, YTO BaKI[UHAIIHA IIPO-
TuB [IMB B panHeM Bo3pacTe WX IIOCJIe TOCTAHOBKHU
quarHoza XCH Takke MOKeT OBITh CTpaTernein
yay4ieHus GyHKIIMOHAJIBHOTO COCTOSHUS MaIueH-
TOB C DTOMH IMAaTOJIOTHUEH [20].
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indicating possible pathogenetic role of CMV infec-
tion in the development of inflammation that con-
tributes to cardiac dysfunction progression.

The practical significance of our study lies in
identifying the possibility of the prediction of fatal
outcome due to the cardiovascular diseases and the
occurrence of adverse cardiovascular events, such as
hospitalization for decompensated CHF, myocardial
infarction, stroke, or pulmonary embolism within
24 months after inpatient treatment for decompen-
sated CHF, by CMV testing during hospital stay.

Conflict of interest. The authors declare no
conflict of interest.

3AK/IIOYEHUWE

dakTOopoM pHCKa HEOJIArONMPUSATHOTO TEYEHUS
XCH saBasercsa HocutenbcTBo I[MB: cepaeuno-
COCYZTUCTbIe COOBITHUSI U JIETAJIbHBIE HCXOJIbI B
TedeHUe 24 MeC II0CJIe TOCHUTAIN3al[iuH B CBI3HU C
nexommnencaipreir XCH y 60JbHBIX C TTO3UTUBHBIM
IOMB craTycomM perucTpupyoTcs 3HAUMMO dallle
10 CPAaBHEHHUIO C CEPOHETATUBHBIMH OOJILHBIMH.
IIpu 5TOM y CEpPOTIO3UTHUBHBIX NAI[UEHTOB BBIABJIA-
IOTCSI TIOBBIIIIEHHBIE YPOBHU ITPOBOCIIAJIUTETbHBIX
IIUTOKUHOB Ha (oHe jekommeHcanuu XCH, uto
yKas3blBaeT Ha BO3MOXKHYIO ITaTOT€HETUYECKYIO
posib IIMB mH(QeKImu B pa3BUTHH BOCIAJIEHUS,
CIIOCOOCTBYIOIIETO IIPOTPECCHPOBAHUI0  CepJied-
HOH AUCHYHKIIUH.

[IpakTrueckass 3HAYUMOCTb PabOTHI 3aKJIIOYa-
eTcs B BBISIBJIEHUU BO3MOKHOCTU ITPOTHO3UPOBAHUS
JIETAJIBHOTO MCXO/iA BCJIEICTBUE CEPAEYHO-COCY/IU-
CTHIX 3a00JIeBaHUH W HACTYIUIEHUS HeOJIarompusiT-
HBIX CEPJEUYHO-COCY/IHCTBIX COOBITHUH, TAKHX Kak
TOCIIUTAIN3AIINS B CBA3HU C JekoMieHcanuein XCH,
nHGAPKT MUOKAP/a, MHCYJIBT WX TPOMOOIMOOIHS
JIETOYHOU apTepUH, B TEUEHUE 24 MeC ITOCJIE CTAIH-
OHApHOTO JIeYeHUs 10 oBoAy AekomieHcanuu XCH
IyTeM TecTUpoBaHUA Ha Hanuuue [IMB undexun
BO BpeMsI ITpeObIBAHUS B CTAllIOHAPE.

KoH@uukT HHTEPECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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