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ABSTRACT

Aim. To evaluate the impact of cytomegalovirus (CMV) infection on the course of chronic heart failure (CHF) over
a 24-month prospective follow-up.

Material and methods. The study included patients (n = 151) hospitalized due to CHF decompensation. Based
on a follow-up, they were divided into groups with favorable and adverse CHF course, underlying pathology, and
their complications. The adverse CHF course group included patients who experienced at least one of the following
events during the 24-month follow-up period: 1) hospitalization for CHF decompensation; 2) adverse clinical
events (cardiovascular death, nonfatal myocardial infarction or acute cerebrovascular accident, and pulmonary
embolism); 3) any deterioration in CHF class; 4) a decrease in left ventricular ejection fraction (LVEF) by more
than 10% from baseline. Plasma CMV DNA levels were assessed at baseline and after 12 and 24 months of follow-
up. To identify predictors of the development of adverse cardiovascular events, ROC analysis was used with the
construction of characteristic curves and the calculation of the area under the curve (AUC).

Results. In patients with an adverse CHF course, CMV DNA levels at study inclusion were significantly higher (p
< 0.001) compared to those with a favorable CHF course 2,232.0 copies/ml [1,687.0; 2,765.0] and 1,245 copies/
ml [991.3; 1,592.0], respectively. The CMV DNA blood plasma level showed a direct correlation with CHF FC
(r=0.66; p = 0.001) and left ventricular end-diastolic dimension (» = 0.53; p = 0.01), while showing a inverse
correlation with LVEF (= —0.49; p = 0.001). The CMV DNA level greater than 1,687 copies/ml predicts adverse
cardiovascular events (sensitivity 67%, specificity 81%, AUC = 0.763; p < 0.001) and death (sensitivity 68% and
specificity 92%, AUC = 0.844, p <0.001) in CHF patients over 24 months.

Conclusion. To stratify the risk of developing adverse cardiovascular events during a 24-month follow-up period
after CHF decompensation, it is advisable to determine the concentration of cytomegalovirus DNA in the blood of
patients with coronary heart disease.
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PE3IOME

Heab. Ouennts B xo1e 24-MeCSYHOTO MPOCHEKTHBHOTO MCCIEAOBAaHMS BIMAHUE HuTOMeranoBupycHoi (LIMB)
MH(EKINN Ha TeYCHNE XPOHUYECKOit cepaeuHoit HepoctaTouHocTH (XCH) y manueHToB ¢ nieMndeckoi 60J1e3HbI0
cepaua (UBC).

Martepuan u Metoanl. B uccnenoBanue BKIIOYEHBI HanueHThl (7 = 151), rocnuTanu3upoBaHHbIE B CBA3U
¢ yxymmenuem TeueHuss XCH, koTopsle mo pesynabpraraM HaOmoAeHHs ObLIM pa3feNeHbl Ha TPYINbBI C
6IaronpHUATHBIM M HEONAroMPUsTHHIM TEUSHUEM OCHOBHOTO 3a001eBanusl, (POHOBOM MATOJIOTUH U UX OCJIOKHEHHUH.
B rpynmny He61aronpusTHOrO TeUEHHMS BOIILIM MAIMEHTHI, Y KOTOPBIX B TeueHHe 24 Mec OBLIO 3aperucTpUpOBaHO
XOTs OBl OZHO M3 YKa3aHHBIX COOBbITHH: 1) rocnuTanu3anus no mnosoay nexomnencaunu XCH; 2) HactynineHue
HEOIaronpHUATHBIX KIMHUYECKUX COOBITHH (CepACYHO-COCYUCTAsl CMEPTh, He(aTaabHbIH HHOAPKT MUOKap/a M
0CTpOe HapylLIeHHe MO3rOBOr0 KpOBOOOpAIIeHUs, TPOMO0IMOOINs JIero4Hol apTepuu); 3) nodoe HapacTaHHe
¢ynkimonansroro kinacca (OK) XCH; 4) ymensienue ¢pakiuuu Beidpoca jeBoro xenynouka (OB JIXK) na 10%
1 Oonee oT ucxoaHoro 3HaueHus. Yposenb [JJHK LIMB nHdekiuu B mia3me KpoBH OLIEHHBAIIM HCXOIHO, Yepe3
12 u 24 mec HaOmogeHus. J{is BBISBICHHS MPETUKTOPOB PAa3BUTHSI HEOIArOMPHATHBIX CEPICYHO-COCYIUCTHIX
coObITHii ucnone3oBanu ROC-aHanu3 ¢ NOCTPOSHHEM XapaKTEPUCTUYECKUX KPHUBBIX M PACUSTOM IUIONIAIH IO/
kpuBoii (AUC).

PesyasTathl. Y nanuentos ¢ HeGnaronpusaTHeiM TedeHneM XCH conepxanne JTHK IIMB nndexmun B miasme
KPOBH HAa MOMEHT BKJIIOUCHHUS B MCCIIE0BaHHE ObLIO cymecTBeHHO Bhie (p < 0,001) mo cpaBHEHUIO C JIMIAMU
¢ onaronpusatHbeM TeuenneM XCH: 2232.0 [1687,0; 2765,0] u 1245 [991,3; 1592,0] komuii/Mi1 COOTBETCTBEHHO.
VYposens JJHK IIMB nnexnnu B miazme KpoBU JEMOHCTPUPOBAII IPSMYIO B3anMOcCBs3b co 3HaueHneM @K XCH
(r=0,66; p = 0,001), a Takxke C KOHCYHO-JIUACTOIUYCCKIUM Pa3MEpOM JIeBOro xenymnouka (r = 0,53; p = 0,01)
n obparayro — ¢ ©®B JIXK (r = -0,49; p = 0,001). Conepxanne [JHK IIMB nndexnuu B mmasme kpou Goiee
1687 xonuii/MiI MO3BOJIMIIO NTPOTHO3UPOBATH HEOIATONPUSATHBIE CEPACTIHO-COCYIANUCTEIE COOBITHS (1yBCTBUTEIb-
HOCTh 67%, cnenmpuanocts 81%, AUC = 0,763; p < 0,001) u seTanbHOro Mcxoaa (4yBCTBUTEIBHOCTH 68%,
cnenupuaHocTh 92%, AUC = 0,844; p < 0,001) y nanmentor ¢ XCH B Teuenue 24 mec.
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INTRODUCTION

Despite advances in the fight against coronary
heart disease (CHD) thanks to active preventive and
therapeutic measures that have led to a reduction
in mortality, an alarming trend is observed as
an increasing number of patients with CHD are
experiencing the development of chronic heart failure
(CHF) over time. This, in turn, significantly increases
the risk of premature death [1, 2]. This situation
makes it extremely important to conduct research
aimed at thoroughly understanding the mechanisms
of the onset and development of CHF in order to
develop innovative and personalized strategies for
the prevention of cardiovascular diseases in general,
and CHF in particular.

Current concepts regarding the progression of
CHF emphasize the role of immune activation and
systemic inflammation as key markers of an adverse
disease course and high cardiovascular risk [3, 4].
According to this concept, severe microcirculation
disorders  trigger nonspecific activation of
mononuclear cells and monocytes, which triggers
the synthesis of proinflammatory cytokines. These
cytokines play a crucial role in the evolution of left
ventricular dysfunction [5, 6]. It is believed that
chronic inflammation can lead to structural changes
in cardiomyocytes, including their apoptosis, which
ultimately leads to the development of heart failure.

Thus, subclinical cytomegalovirus infection
and the accompanying immune response may
act as important triggers for the development
and decompensation of CHF. This is likely due
to the ability of CMV to induce the synthesis of
inflammatory markers, such as interleukin (IL) 1B
and tumor necrosis factor a (TNFa) [7]. Numerous
scientific data obtained from animal experiments,
epidemiological and molecular biological studies
demonstrate a close association between CMV
infection and the aggravation of the atherosclerotic

process and the development of acute coronary
syndrome (ACS) [8, 9]. Since atherosclerosis and
CHD are integral components of the cardiovascular
continuum leading to the development of CHF, the
need for a detailed study of the influence of CMV on
the mechanisms of formation and clinical course of
heart failure becomes obvious.

The aim of the study was to analyze the impact of
CMYV infection on the development and course of CHF
in patients with CHD in a 24-month prospective study.

MATERIALS AND METHODS

The study included 151 patients with chronic heart
failure (CHF) of ischemic etiology admitted to the
Cardiology Unit due to decompensated heart failure.
Patients signed an informed consent to participate
in the study after resolution of symptoms and signs
of CHF decompensation prior to hospital discharge.
Patients were then prospectively followed for 24
months. The study was conducted in accordance with
the Declaration of Helsinki and received approval
from the Ethics Committee of the State Budgetary
Healthcare Institution of the Novosibirsk Region
City Clinical Hospital No. 1 (Minutes No. 200 of
January 31, 2019).

Exclusion criteria were as follows: acute
cardiovascular events in the last six months
(cerebrovascular accident, pulmonary embolism,
stroke, myocarditis) or the presence of acute
myocarditis at onset; heart valve pathology affecting
hemodynamics: grade II mitral regurgitation (or
higher), aortic stenosis with a pressure gradient >
25 mmHg, grade I aortic insufficiency (or higher),
grade II tricuspid regurgitation (or higher); age over
70 years; confirmed COVID-19 (positive PCR test
or the presence of IgG to SARS-CoV-2); severe
comorbidity: liver disease, end-stage renal failure
(glomerular filtration rate (GFR) <30 ml/min/1.73
m?), bronchial asthma or exacerbation of chronic
obstructive pulmonary disease; the presence of
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autoimmune pathology and malignant neoplasms;
lack of informed consent.

Acute coronary syndrome as a reason for
hospitalization of patients was excluded based on the
absence of clinical, laboratory, and instrumental data
(absence of pain syndrome, significant laboratory
activity of necrosis markers, characteristic
electrocardiographic signs, and the appearance of
new zones of impaired local contractility according
to echocardiography (EchoCG)) within six months
prior to inclusion of patients in the study.

The combined endpoint for the 24-month
follow-up period after the first episode of CHF
decompensation was the total number of subsequent
CHF decompensations requiring hospitalization,
as well as major serious adverse events, such as
cardiovascular death, nonfatal myocardial infarction,
stroke, or pulmonary embolism.

The level of CMV deoxyribonucleic acid (DNA)
in blood plasma was determined by the polymerase
chain reaction with fluorescence in sifu hybridization
detection of amplification products in real-time mode
during hospitalization of patients in the Cardiology
Unit due to decompensation of CHF, as well as after
12 and 24 months.

Statistical analysis was performed using R
software (version 4.4.3; R Foundation for Statistical
Computing, Vienna, Austria). Quantitative variables
were presented as minimum (min) and maximum
(max) values, median and interquartile range Me
[Q,; Q,l, and qualitative variables - as absolute
and relative n (%) frequencies. The prognostic value
of parameters was assessed using ROC analysis:
models were considered to be adequate if the area
under the curve (AUC) was > 0.70. Relationships
between features were identified using Spearman’s
rank correlation. Differences were considered as
statistically significant at p < 0.05.

RESULTS

After 24 months of follow-up, patients were
divided into two cohorts. The first group (n = 84)
was characterized by an adverse course of the
disease. The second group (n = 67) included patients
with a favorable prognosis. The inclusion criteria
in the first group (with an adverse course) were at
least one of the following events within 24 months:
hospitalization due to decompensated CHF, the
development of cardiovascular events (death from
cardiovascular causes, nonfatal MI, stroke, and

pulmonary embolism), progression of CHF class,
or a decrease in left ventricular ejection fraction
(LVEF) by 10% or more compared to baseline.

The patient groups were comparable by most of
the recorded parameters: gender, age, body mass
index, time since the last MI, presence of post-
infarction cardiosclerosis, and CHF class (Table
1). However, patients in group 2 were statistically
significantly (p = 0.038) more likely to have stage
2 CHF compared to patients in group 1 (44.8% vs.
25%, respectively).

The distance measured during the 6-minute
walk test at the time of inclusion in the study was
significantly lower in group 1 patients compared to
group 2 patients (p = 0.041), which is consistent with
the fact that the number of patients with class 3 CHF
was higher among patients with an adverse course
of the pathology (68.7% vs. 53.6%). The number
of patients seropositive for CMV in group 2 was
significantly greater than in group 1 (p = 0.024).

Table 1
Clinical and Demographic Characteristics of Patients
. Group 1, Group 2,

Characteristic =84 n=67 p
Gender, male, 1 (%) 55 (65.5) 39 (58.2) 0.455
BMI, kg/m? 27.7[24.5;

’ ’ 30.1[25.1; 33 ’ 0.146
Me[0,; 0, 251:331 1 75
Age, years,

57 [52; 63 59 [55; 63 0.187
Me [sz,. Q75] [ ] [ ]
Prior myocardial
infarction, 7 (%) 52 (61.9) 44 (65.7) 0.758
Duration of MI, years
’ | 3.0[1.5;4.0 2.5[2.0;4.0] | 0.363
Me [sz; Q75] [ ] [ ]
CHF stage, n (%)
Stage 1 63 (75) 37(55.2) 0.038
Stage 2 21 (25) 30 (44.8)
CHF class, n (%)
Class 2 39 (46.4) 21(31.3) 0.146
Class 3 45 (53.6) 46 (68.7)
6-minute walk test, m, 289.5 [188.0; 233.0[139.0; 0,041
Me[Q,; 0,] 362.0] 331.5] ’
NT-proBNP, pg/ml, 350.0 [284.0; 607.0 [378.5; 0.001
Me[Q,; 0,] 526.0] 920.5] ’
LVEF, % 41.0 [36.0;
> 44.5139.0; 54.8 ’ 0.116
Me [0, O] [ ] 45.5]
EDD, mm 57.0 [54.0;

’ ’ 52.0[49.0; 59.0 ’ 0.042
Me[Q,; 0,] [ ] 61.6]

ESD, mm 45.0 [40.0;

’ ’ 41.0 [35.8;47,0 ’ 0.059
Me[Q,; 0,] [ ] 49.0]
Seropositive CMV
patients, 7 (%) 34 (40.5) 45 (67.2) 0.024

Note. NT-proBNP — N-terminal pro-brain natriuretic peptide, EDD —
end-diastolic dimension, ESD — end-systolic dimension (here and in
Table 2).
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When comparing CMV-seropositive  and
-seronegative patients, significant differences in
CHF class and stage were revealed (Table 2).
Thus, seropositive patients more often had class
3 CHF (70.9% vs. 48.6%, p = 0.042) and stage
2 CHF (41.8% vs. 25.0%, p = 0.043). The results
of the 6-minute walk test also demonstrated
significant differences: CMV-seropositive patients
walked a shorter distance (p = 0.031). Also, CMV-
seropositive patients had a significantly higher level
of NT-proBNP (p = 0.001).

Table 2

Clinical and Demographic Characteristics of Patient Groups
Formed Depending on CMV

.. CMV —, CMV +,
Characteristic n=12 n=179 p

Gender, male, 1 (%) 43 (59.7) 51(64.6) | 0.395

BMI, kg/m?, 30.3 27.7 0132

Me[Q,; 0,] [25.6;34.4] | [24.5;31.9] |

Age, years, Me [Q,; 0,] | 57.5[53;63] | 59[53;63] | 0.262

Prior myocardial

infarction. 1 (%) 45 (62.5) 51(64.6) | 0911

Duration of MI, years

’ ’ 2.5[2.0;4.0 3.0[2.0;4.0] | 0.489

Me[0,; 0,] [ ] [ ]

CHF stage, n (%)

Stage 1 54 (75) 46(582) | 0.043

Stage 2 18 (25) 33 (41.8)

CHEF class, n (%)

Class 2 37 (51.4) 23 (29.1) 0.042

Class 3 35 (48.6) 56 (70.9)

6-minute walk test, m, 325.5 230.0 0.031

Me [0, 0,] [208.5;364.0] | [136.5;324.0] |

NT-proBNP, pg/ml, 350.0 580.0 0.001

Me[Q,; 0,] [281.0; 449.0] | [378.0; 735.5] | -
44.0 41.0

0, .

LVEFE, %, Me [0, 0,,] [38.8; 57.0] [37.0; 46.0] 0.095
54.0 56.0

EDD, mm, Me [0, O] | 150.0:59.01 | [50.5:61.5] | %36
41.0 45.0

ESD, mm, Me[Q,; O, | 1368.47.01 | [38.5:49.01 | V7

Note. “+” stands for presence; “—” stands for absence

In patients with an adverse course of CHF during
24-month follow-up, the CMV DNA content at the
time of inclusion in the study was significantly higher
compared to patients who had positive dynamics
of the clinical and instrumental characteristics of
CHF - 2,232.0 [1,687.0; 2,765.0] copies/ml and
1,245 [991.3; 1,592.0] copies/ml, respectively
(» <0.001) (Fig. 1).

In adverse CHF course, the CMV DNA content
did not change significantly, amounting to 2,438.0

copies/ml [1,902.8; 2,847.5] after one year of follow-
up (p = 0.115) and 2,218.0 copies/ml [1,845.0;
2,578.5] after two years of follow-up (p = 0.811). In
patients with a favorable course of pathology, there
was an insignificant decrease in CMV DNA after
one year of observation to 1,011.0 copies/ml [697.0;
1,275.5] (p = 0.137), which actually remained at the
same level after the next year of observation 1,019.0
copies/ml [799.5; 1,319.0].

3000 | |

2000

CMv

1000

Time, years

E adverse

Fig. 1. Dynamics of the CMV DNA content in the blood plasma

of patients with favorable and adverse course of CHF, copies/

ml: min (lower vertical line), O, (bottom side of the rectangle),

Me (horizontal line inside the rectangle), O, (top side of the
rectangle), max (top vertical line)

Using ROC analysis, it was found that in
seropositive patients, the CMV DNA content in blood
plasma of more than 1,687 copies/ml allowed for the
prediction of adverse cardiovascular events within
2 years after hospitalization for decompensated CHF
with sensitivity of 67% and specificity of 81% (AUC
= 0.763, p < 0.001) (Fig. 2, a). It was also found
that the CMV DNA content in blood plasma of more
than 1,687 copies/ml allowed for the prediction of
death within the next 24 months with a sensitivity
of 68% and a specificity of 92% (AUC = 0.844,
p <0.001) (Fig. 2, b).

The amount of CMV DNA in blood plasma
directly correlated with CHF class (r = 0.66,
p = 0.001) and with the EDD (» = 0.53, p = 0.01),
and, on the contrary, showed a moderate inverse
relationship with the distance covered in the six-
minute walk test (» = —0.63, p = 0.001) and LVEF
(r=-0.49, p =0.001) (Table 3).
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Fig. 2. ROC curves of sensitivity and specificity of CMV DNA level in blood plasma in predicting the development of adverse
cardiovascular events (a) and mortality (») in CHF patients over 24 months: the area under the curve (AUC) value is presented
together with the significance level estimate (p)

Table 3

Correlation Analysis of the Relationship between CMV
DNA Content and Clinical, Instrumental, and Laboratory

Parameters
Parameter r p
CHF class 0.66 0.001
6-minute walk test —0.63 0.001
LVEF -0.49 0.01
EDD 0.53 0.01
GFR 0.08 0.73
Total cholesterol -0.15 0.62
LDL —0.18 0.6

Note. LDL — low-density lipoprotein, p — statistical significance of
the correlation coefficient.

DISCUSSION

The data obtained in this study confirm
the pathogenetic role of CMV infection in the
destabilization of patients with CHF secondary to
CHD. The identified correlations between viral load
and myocardial structural and functional remodeling
indicate a direct link between CMV DNA levels
and the risk of adverse cardiovascular events. These
results suggest that viral concentration in the blood is
a significant factor modulating the severity of heart
failure.

Cytomegalovirus establishes deep and complex
relationships with the host immune system, resulting
inavariety of changes in the functional characteristics
of lymphocytes. In immunocompetent individuals,
CMV typically manifests as an asymptomatic latent
infection with episodic reactivations. In contrast, in
immunocompromised patients, it typically causes
acute pathology. The host inflammatory response is
essential for CMV reactivation and stimulation of
its gene expression [10]. Some viral gene products,
in turn, induce the host to produce a wide range of
proinflammatory cytokines, including tumor necrosis
factora, interleukin-1B, and interleukin-6 [11].
Although CMYV reactivation in immunocompromised
individuals is associated with severe consequences,
it has been established that in elderly patients with
CHEF, viral reactivation is often subclinical, which
complicates timely diagnosis, despite its potential
contribution to disease progression [12].

In vivo studies indicate a significant impact
of CMV infection on the vascular wall, affecting
various cell types. Among the most susceptible cells
are monocytes/macrophages, smooth muscle cells,
and, most importantly, endothelial cells [13]. The
latter play a critical role in maintaining the health
of the vascular system. Endothelial cells form the
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inner layer of blood vessels, acting as a barrier that
regulates vascular wall permeability and controls
blood — tissue interactions. They not only passively
separate blood from surrounding tissues but also
actively participate in the regulation of vascular
tone, as if orchestrating vascular processes.

Endothelial cells like a highly organized
communication network receive and transmit
signals, ensuring the integrity of the wvascular
system and maintaining normal blood flow. Various
biologically active substances synthesized by the
endothelium play a key role in this process. Among
them are prostacyclin (a potent inhibitor of platelet
aggregation), thromboxane A2, whichhasthe opposite
effect of stimulating platelet aggregation, endothelin
(a regulator of vascular tone), and thrombomodulin,
which modulates the blood coagulation system [14].
Thus, endothelial cells maintain a delicate balance
between coagulation and fibrinolysis processes,
preventing unwanted thrombus formation and
maintaining the free flow of blood. In particular,
the enzyme adenosine diphosphate (ADP) secreted
by platelets plays a significant role in thrombus
formation and cellular adhesion, while endothelial
cells are actively involved in the regulation of its
action [15]. They provide an antithrombotic surface,
preventing uncontrolled activation of coagulation
factors and platelets. Endothelial dysfunction leads to
a chain reaction of pathological processes, triggering
an inflammatory process, stimulating the production
of cytokines and other inflammatory mediators.
This leads to the expression of adhesion molecules
on the surface of endothelial cells, which promotes
the adhesion of leukocytes to the vessel wall and the
further development of inflammation [15].

Studies by Y.J. Tang-Feldman et al. have shed
light on the mechanism by which CMV provokes
inflammatory processes that can lead to endothelial
dysfunction [16]. A key link in this process is the
release of arachidonic acid after infection of cells
with CMV. This acid, in turn, triggers a cascade
of reactions catalyzed by cyclooxygenase (COX).
COX activated by early viral proteins 1E-72/IE-86
leads to an increase in the production of reactive
oxygen species (ROS). An increased concentration
of ROS plays a crucial role in the activation of the
transcription factor NF-kB, which is located in the
cell cytoplasm in an inactive state.

Activation of NF-xB triggers the expression of
proinflammatory cytokines, such as IL-6 and IL-

8. Further studies by D. Prochnau et al. confirmed
a significant increase in the levels of a number of
inflammatory factors, including interleukins 6 and 8
and platelet-derived growth factor, in vascular smooth
muscle cells 24 and 72 hours after CMV infection [17].
In addition to its direct damaging effect, interleukin 6
also stimulates endothelial cells to release monocyte
chemoattractant protein-2 (CCL-2). CCL-2 attracts
additional monocytes and lymphocytes to the
intima, increasing inflammation in the affected area.
Interleukin 8, in turn, activates neutrophils, which, in
a process known as an oxidative burst, release a huge
amount of ROS. This flow of ROS creates a vicious
cycle, further stimulating the production of NF-«xB
and, consequently, even more inflammatory factors.
Ultimately, the interaction of all these factors forms a
complex network of interconnected processes, where
factors affect each other, exacerbating inflammation
and contributing to the development and progression
of cardiovascular disease. CMV, through its influence
on ROS production and NF-xB activation, plays a
key role in this pathological cascade [17, 18], which
can ultimately activate inflammation not only in the
vascular wall but also in the myocardium, contributing
to the progression of cardiac dysfunction.

Our findings confirmed that monitoring CMV
viral load in the blood serves as an objective tool
for assessing the severity of the condition and
predicting the progression of CHF in patients with
a history of ischemia. The established direct link
between increased viral DNA concentration and
the risk of decompensation supports the hypothesis
that CMV plays a pathogenic role in the progression
of heart failure and the development of adverse
cardiovascular outcomes.

Thus, the results of our study highlight the
importance of measuring plasma CMV levels for
an objective assessment of heart failure severity.
This may become an important prognostic test
for determining the disease course in patients
with coronary heart disease, which, in turn, will
optimize the diagnosis and treatment of these
patients. Understanding the immune — inflammatory
mechanisms underlying ischemic CHF is critical
for developing new approaches to studying the
pathogenesis of heart failure. These results highlight
the importance of developing a comprehensive
approach to the prevention and treatment of heart
failure that takes into account both infectious and
inflammatory mechanisms, which may lead to
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improved outcomes in patients with cardiovascular
disease.

CONCLUSION

A relationship has been established between
plasma CMV DNA concentration and the severity
and course of CHF. To stratify the risk of developing
adverse cardiovascular events within two years after
CHF decompensation, it is advisable to measure
plasma CMV DNA concentrations in patients with
coronary heart disease.

However, it is important to note that, in our
opinion, CMV is not the primary etiologic factor
leading to the development of CHF. Patients with
pre-existing CHF due to other causes, such as
coronary artery disease or hypertension, exhibit
decreased immune reactivity. This decrease may be
associated with age and the development of systemic
circulatory hypoxia, which is also a consequence
of CHF. This process results in the activation of
latent CMV infection, which, in turn, may lead to
further activation of inflammatory processes in the
myocardium. Therefore, it can be concluded that the
presence of active or latent CMV infection in patients
with pre-existing CHF may aggravate the disease and
increase the risk of adverse cardiovascular events.
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